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Conclusion

Left bundle branch block (LBBB) might be the first finding of cardiovascular diseases but also the prerequisite for cardiac
resynchronization therapy (CRT) in heart failure (HF) with reduced ejection fraction (HFrEF). The prognosis for patients
with LBBB and the implications of CRT in an unselected real-world setting are the focus of our study.

A central electrocardiogram (ECG) database and national registers have been screened to identify patients with LBBB.
Predictors of HF and the use of CRT were identified with Cox models. The hazard ratios (HRs) of death, cardiovascular
death (CVD), and HF hospitalization (HFH) were estimated according to CRT use. Of 5359 patients with LBBB and
QRS > 150 ms, median age 76 years, 36% were female. At the time of index ECG, 41% had a previous history of HF and
27% developed HF. Among 1053 patients with a class | indication for CRT, only 60% received CRT with a median delay
of 137 days, and it was associated with a lower risk of death [HR: 0.45, 95% confidence interval (Cl): 0.36-0.57], CVD
(HR: 0.47, 95% CI: 0.35-0.63), and HFH (HR: 0.56, 95% CI: 0.48-0.66). The age of over 75 years and the diagnosis of de-
mentia and chronic obstructive pulmonary disease were predictors of CRT non-use, while having a pacing/defibrillator de-
vice independently predicted CRT use.

In an unselected LBBB population, CRT is underused but of great value for HF patients. Therefore, it is crucial to find ways of
better implementing and understanding CRT utilization and characteristics that influence the management of our patients.
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Graphical Abstract

Left-bundle branch block, an alert for cardiac resynchronization therapy
Characteristics of an unselected population with LBBB in Stockholm County
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5359 patients with LBBB and QRS>150ms
41% had a previous history of HF and 27% |
developed HF after the index ECG.

1053 had a class | indication for CRT — 60%
received the CRT with a median delay of 137 days
Use of CRT was associated with a lower risk of
death (HR: 0.45 95% ClI: 0.36-0.57), CVD (HR: 0.47
95% ClI: 0.35-0.63) and HFH (HR: 0.56 CI: 0.48—
0.66) at 5 years.
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What’s new?

® Present the prognosis and characteristics of a large unselected popu-
lation with left bundle branch block.

® Describe the state of the art of cardiac resynchronization therapy
utilization in a real-world setting.

® |dentify possible factors associated with cardiac resynchronization
therapy underutilization.

Introduction

In the general population, the prevalence of left bundle branch block
(LBBB) is 0.19-0.82% and increases with age." It is more common in
the presence of hypertension, heart failure (HF), and coronary heart
disease and is associated with an impaired prognosis.”** Left bundle
branch block further aggravates HF through delayed contraction of
the left ventricle wall, but LBBB may also per se impair cardiac function
over time and cause HF.> Cardiac resynchronization therapy (CRT)
partly restores the left ventricle activation pattern in LBBB and

77 (0:234) days
—_—

8 (-123250) days
B

HF after the index ECG

- \
| 31/12/2018 )
| Lastdateof | >|
| inclusion

follow-up

HF before or same day the index ECG 1

CRT with
class |
indication

Class |
Indication

0(076) days 111 (25:358) days
Index ECG ——"| forcrrT

n=683 n=413

CRT with
class |
indication
n=217

Class |
Indication
for CRT

HF before Index

1(0:196) days

416 (72:1237) days 174 (70.391) days

Loy dae ),

n = 1466

Predictors of cardiac resynchronization therapy (CRT) use at
the time of CRT indication

Dementia { —————@p——— P =0.004
Age >75 years old —— P =0.000
COPD —— P =0.043
Stroke/TIA —— P =0.089
CKD - P=0339
Diabetes | R 2 P=0.138
Paroxysmal AF* - - P=0.353
Peripheral vascular disease | —— P=0662
Ischaemic heart disease - - P=0719
Cancer - e P=0315
Hypertension - - P=0084
Male | P=0051
PM/ICD before CRT -| o— P=0047

T T T T T T

1 25 5 1 2 a 8

Less CRT use More CRT use

AF = atrial fibrillation, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, CRT= cardiac resynchronization therapy, ICD=
implantable cardioverter defibrillator, TIA = transient ischemic attack, * paroxysmal or undefined atrial fibrillation

improves symptoms and prognosis. Therefore, CRT has a class | indica-
tion in current guidelines but is underused.®

The diagnosis of LBBB is easily obtained with routine 12-lead electro-
cardiogram (ECG) recording.” We identified and characterized patients
with LBBB with and without HF through a large central ECG database in
Stockholm. We further identified patients with HF with reduced ejec-
tion fraction (HFrEF) with a CRT indication and compared outcomes in
those with indications who were or were not treated with CRT and
studied clinical predictors of use vs. non-use of CRT.

Methods

Data sources and study population

We queried the data from the central electronic ECG database MUSE
(General Electric Healthcare) between 2000 and 2018 in an estimated
population of almost 1 000 000 individuals. All ECGs from three hospitals
(Karolinska Hospital-Solna, Karolinska Hospital-Huddinge, and Sédertalje
Hospital), from ambulances and elective ECGs in the larger Norrtilje
area, were retrospectively considered. The ECGs from 432 108 unique
adult subjects (>18 years of age) were retrieved and analysed by the
MUSE system. Our selection criteria were LBBB with QRS duration >
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Figure 1 Flowchart of cohort selection from adults in the MUSE ECG database from 2000 to 2018. CRT, cardiac resynchronization therapy; ECG,
electrocardiogram; EF, ejection fraction; HF, heart failure; LBBB, left bundle branch block; n, number.

150 ms without right ventricular pacing or CRT. Our index ECG date was
the first ECG fulfilling these criteria. Thus, 5359 patients were identified
(Figure 1).

To obtain clinical characteristics, outcomes, and information about CRT
or pacemaker (PM) treatment, we linked patients’ data with three national
registries [the Swedish Pacemaker and ICD Registry (annual report access-
ible online http:/www.pacemakerregistret.se), the Swedish National Patient
Registry (including hospitalizations and outpatient visits), and the Cause of
Death Registry] between 2000 and 2020 using the personal identification
number used in all permanent residents in Sweden. New York Heart
Association (NYHA) class, NT-proBNP, and HF medication at index ECG
were not available.

Echocardiographic data were not stored digitally in the Stockholm
area during this study period; therefore, such data were collected in pa-
tients with a history of HF or who developed HF by one investigator
(P.G.) from electronic health records using written echo assessments
of left ventricular ejection fraction (LVEF) and left ventricular end-

diastolic diameter (LVEDD), when available, using a structured ap-
proach: the date of the first echocardiographic exam with LVEF < 35%
was considered if the LVEF was stable, below, or equal to 35% during
follow-up or till CRT use; the last echocardiographic exam was consid-
ered if the LVEF was never observed below 35% or recovered over 35%
during follow-up or till CRT use.

Timelines, definitions, and ethical

considerations

Index ECGs were obtained from 1 January 2000 to 31 December 2018, and
the ICD-10 codes were collected starting from one year before index ECG
to the last available follow-up or the end of the study (31 December 2020).

We defined LBBB morphology as wide QRS, predominantly upright QRS
with wide R and/or R in lateral leads (I and V6), and predominantly negative
QRS in leads V1 and V2 with wide Q or S waves.
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Figure 2 Timeline of index ECG, first HF diagnosis, LVEF below 35%, indication for CRT, and CRT in patients with HF before or after index ECG.
Index ECG = first ECG with QRS > 150 ms and LBBB morphology, without paced QRS. CRT indication =if ECG with QRS > 150 ms and LBBB
morphology, without paced QRS, HF duration > 90 days, LVEF < 35%, without previous history of permanent AF and follow-up > 12 months. AF, atrial
fibrillation; CRT, cardiac resynchronization therapy; ECG, electrocardiogram; HF, heart failure; LBBB, left bundle branch block; LVEF, left ventricular

ejection fraction; n, number.

We defined HFrEF as a clinical HF diagnosis according to ICD-10 com-
bined with stable LVEF < 35%.

We estimated the date of class | indication for CRT (referring to the current
2021 EHRA/ESC pacing guidelines®) during follow-up of our cohort based
on index ECG date and the first date of HF diagnosis with stable LVEF <
35% (if present), whichever came last and, if not treated with CRT, under
the condition of available follow-up of >12 months (survival of >12
months) and no previous history of permanent atrial fibrillation (AF) (per-
sistent AF was not excluded).

The list of ICD-10 codes used to identify the clinical variables for the ana-
lysis is available in Supplementary material online, Table S1. The Charlson
comorbidity index was calculated as follows: age 50-59 years =1 point
(pt), 60—69 years =2 pts, 70-79 years = 3 pts, and >80 years = 4 pts; myo-
cardial infarction (MI) =1 pt; HF = 1 pt; peripheral vascular disease (PVD)
=1 pt; stroke or transient ischaemic attack (TIA) =1 pt; dementia=1 pt;
chronic obstructive pulmonary disease (COPD) =1 pt; musculoskeletal
and connective disease (MSD) = 1 pt; peptic ulcer =1 pt; liver disease =2
pts; diabetes mellitus = 1 pt; chronic kidney disease (CKD) = 2 pts; history
of cancer = 2 pts; hemiplegia = 2 pts; acquired immunodeficiency syndrome
(AIDS); or human immunodeficiency virus (HIV) infection = 6 pts.

The local ethics committee approved the study protocol including data
extraction and journal reading.

Statistical analysis

Categorical variables were presented as absolute numbers (%) and continu-
ous variables as medians (interquartile ranges). Baseline characteristics were
compared across groups by the Mann—Whitney test (if continuous) and by
the y* test (if categorical).

Univariable and multivariable Cox regression models were fitted to in-
vestigate patient characteristics independently associated with the develop-
ment of HF after LBBB and CRT use after class | indication. Age was
transformed into a binary variable using the integer number around the me-
dian (75 years old). Results were reported as hazard ratios (HRs) with 95%
confidence intervals (Cls).

The outcomes considered coprimary endpoints were as follows: time to
death for any cause, time to cardiovascular death (CVD), and time to first
HF hospitalization (HFH).

Univariable and multivariable Cox proportional hazard regression mod-
els were fitted to compare the crude and adjusted risk of outcomes in pa-
tients with an indication for CRT, according to CRT use. Incidence per 1000
patient-years was calculated at 95% Cl. A proportional hazard model for
the subdistribution of the HR (SHR) was fitted to assess the cumulative in-
cidence of CVD and HFH with all-cause death as a competing risk.

The proportional hazard assumption of the model was checked using the
Schoenfeld residual method. Any violation of the proportional hazard as-
sumption of the model was also considered and adjusted in the analysis
splitting the time into two bands of 5 years. Data were censored on 31
December 2020 (end of study) or death.

All variables included in the multivariable regression models are reported
in Supplementary material online, Table S2.

All analyses were performed using Stata/IC version 16.1. The level of sig-
nificance was set to 5%, two-sided.

Results

A total of 5359 patients [1905 (35.6%) women, median age 76 (67-83)
years] were included. Echocardiographic data were available in 3153
(86%).

Heart failure patients
In total, 3624 (68%) had a history of HF. Concerning index ECG date,
2158 (41%) subjects had a previous history of HF, 1466 (27%) devel-
oped HF after index ECG (Figure 2), and 1735 (32%) never developed
HF.

Those who developed HF [1466 (27%)] did so after 416 (72-1237)
days. They were younger and with less prevalence of comorbidities
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Table 1 Characteristics of patients by the time of HF diagnosis

Total No HF HF before index ECG HF after index ECG P-value
n=5359 n=1735 n=2158 n=1466

Days from index ECG to HF —77 (—234-0) 416 (72-1237) <0.001
LVEF, %* 33 (25-47) 40 (30-50) <0.001
LVEF categories® <0.001

<35% 1008 (58%) 509 (43%)

36-50% 441 (26%) 417 (35%)

>50% 279 (16%) 256 (22%)
LVEDD, mm® 56 (49-62) 54 (49-60) <0.001
Age, years 76 (67-83) 73 (64-82) 77 (69-85) 75 (66-82) <0.001
Age categories <0.001

<60 years 728 (14%) 305 (18%) 216 (10%) 207 (14%)

60—69 years 1093 (20%) 394 (23%) 405 (19%) 294 (20%)

70-79 years 1588 (30%) 488 (28%) 620 (29%) 480 (33%)

>80 years 1950 (36%) 548 (32%) 917 (42%) 485 (33%)
ECG QRS duration, ms 158 (152-168) 158 (152-164) 160 (154-170) 158 (152-168) <0.001
Index ECG rhythm (AF) 769 (14%) 143 (8%) 433 (20%) 193 (13%) <0.001
Type of AF history <0.001

Paroxysmal AF 208 ( 4%) 52 (20%) 104 (12%) 52 (16%)

Persistent AF 0 (2%) 9 (3%) 4 (2%) 7 (2%)

Permanent AF 191 (1 3%) 25 (10%) 143 (17%) 23 (7%)

Undefined AF 1011 (70%) 173 (67%) 600 (70%) 238 (74%)
CKD 426 (8%) 65 (4%) 290 (13%) 71 (5%) <0.001
Diabetes mellitus 1503 (28%) 350 (20%) 713 (33%) 440 (30%) <0.001
Hypertension 2101 (39%) 599 (35%) 975 (45%) 527 (36%) <0.001
Stroke/TIA 290 (5%) 101 (6%) 112 (5%) 77 (5%) 0.65
PVD 299 (6%) 72 (4%) 148 (7%) 79 (5%) 0.001
Cancer 904 (17%) 330 (19%) 376 (17%) 198 (14%) <0.001
COPD 332 (6%) 54 (3%) 217 (10%) 61 (4%) <0.001
Liver disease 59 (1%) 27 (2%) 25 (1%) 7 (0%) 0.014
Ischaemic heart disease 1598 (30%) 272 (16%) 931 (43%) 395 (27%) <0.001
Ml 563 (11%) 94 (5%) 302 (14%) 167 (11%) <0.001
Dementia 158 (3%) 63 (4%) 72 (3%) 23 (2%) 0.001
AIDS 8 (0%) 1(0%) 6 (0%) 1(0%) 0.13
Peptic ulcer 62 (1%) 19 (1%) 28 (1%) 15 (1%) 0.72
Musculoskeletal disease 324 (6%) 77 (4%) 169 (8%) 78 (5%) <0.001
Hemiplegia 36 (1%) 18 (1%) 0 (0%) 8 (1%) 0.073
Charlson comorbidity index 4 (3-6) 4 (2-5) 5(4-7) 4 (3-5) <0.001
Other pacing devices <0.001

PM
ICD

999 (87%)
153 (13%)

319 (96%)
14 (4%)

357 (78%)
102 (22%)

323 (90%)
37 (10%)

AF, atrial fibrillation; AIDS, acquired immunodeficiency syndrome; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; HF, heart failure;
ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; MI, myocardial infarction; PM, pacemaker; PVD,
peripheral vascular disease; TIA, transient ischaemic attack.

?Echocardiogram searched in the patients’ records: the first constant LVEF < 35% during follow-up or till CRT use was recorded; otherwise, the last LVEF > 35% during follow-up or till
CRT use was recorded.

®Collected from the same echocardiogram used to collect the LVEF.



6 P. Gatti et al.
Dementia & P=0.258
Hypertension —— P =0.001
Cancer - —— P =0.099
PM/ICD before CRT - —o P =0.234
Stroke/TIA P =0.978
Male - —— P =0.000
COPD - — P =0.031
Diabetes - —— P =0.000
Atrial fibrillation - —— P =0.000
Peripheral vascular disease —_— P =0.001
CKD -+ —_— P =0.001
Age >75 years old - P =0.000
Ischaemic heart disease - —— P =0.000
5 1 2
No HF HF

Figure 3 Predictors of developing HF after LBBB with QRS > 150 ms. CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; LBBB, left bundle branch block; PM, pacemaker;

TIA, transient ischaemic attack.

compared with those who had a previous history of HF but comparable
to those who never developed HF (Table 7). The prevalence of HFrEF
was higher in those who had a previous history of HF compared with
those who developed HF after index ECG (58% vs. 43%).

At the time of index ECG, among patients without a previous diag-
nosis of HF, male sex, older age (>75 years old), and the diagnosis of
COPD, diabetes, AF, PVD, CKD, and ischaemic heart disease were in-
dependent predictors of developing HF, while the presence of hyper-
tension was an independent predictor of not developing HF
(Figure 3); HRs are reported in Supplementary material online, Table S3.

Cardiac resynchronization therapy
indication

As expected, most patients [4091 patients (76%)] did not meet the cri-
teria for class | CRT indication (42% without HF diagnosis, 27% with an
LVEF above 35%; 19% had a follow-up of <12 months, and in another
12%, it was not possible to confirm the indication) nor were they trea-
ted with CRT during the study period. In 214 patients who received
CRT (4%), it was not possible to establish the class of indication because
the echocardiographic data were missing or the available value of LVEF
was over 35%. Of 1053 (20%) with a class | CRT indication, 630 (60%)
were treated with CRT and 423 (40%) were not (Figure 1). The patient
characteristics of those with class | CRT indication with or without CRT
are reported in Table 2. Of those treated with CRT, 47% received CRT
without defibrillation function (CRT-P) and 53% CRT with defibrillation

function (CRT-D), and the median delay from indication to CRT use
was 137 (35-378) days.

At the time of indication for CRT, among the variables tested in our
models (see Supplementary material online, Table S2), the diagnosis of
dementia, the age of over 75 years old, and the diagnosis of COPD
were independent predictors of CRT non-use, while the presence of
a PM or an implantable cardioverter defibrillator (ICD) was an inde-
pendent predictor of CRT utilization (Figure 4); HRs are reported in
Supplementary material online, Table S4.

Outcomes

In patients with a class | indication for CRT, after a median follow-up
time of 4.0 (2.2-7.6) years from the date of indication, the
incidence rate of all-cause of death, CVD, and first HFH for those not
implanted with CRT compared with those implanted with CRT was
180/1000 person-years (95% Cl: 161-203) vs. 62/1000 person-years
(95% CI: 55-71), 113/1000 person-years (95% Cl: 98-131) vs. 39/
1000 person-years (95% Cl: 33—47), and 553/1000 person-years
(95% Cl: 497-616) vs. 216/1000 person-years (95% Cl: 197-238), re-
spectively (Figure 5). After multiple adjustments, CRT use was asso-
ciated with a lower overall risk of all-cause of death at 10 years from
the indication [HR = 0.67 (95% CI: 0.45-0.99)]; CRT use was also asso-
ciated with a reduced risk of CVD and first HFH at 5 years from the
indication as individual endpoints [HR=0.47 (95% CI: 0.35-0.63);
HR =0.56 (95% Cl: 0.48-0.66)], but no significant risk reduction was
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Table 2 Baseline characteristics of patients with an indication for CRT by use or not of CRT

Population with an indication for CRT Total Without CRT With CRT P-value
n=1053 n=423 n=630

Age, years 73 (65-81) 78 (72-85) 69 (62-76) <0.001
Age categories <0.001

<60 years 152 (14%) 23 (5%) 129 (20%)

60-79 years 265 (25%) 65 (15%) 200 (32%)

70-79 years 350 (33%) 141 (33% ) 209 (33% )

>80 years 286 (27%) 194 (46% 92 (15%
HF history 0.53

HF before index ECG 683 (65%) 270 (64%) 413 (66%)

HF after index ECG 370 (35%) 153 (36%) 217 (34%)
LVEF, %* 27 (23-33) 30 (23-33) 27 (20-30) 0.001
LVEF categories®

<35% 1053 (100%) 423 (100%) 630 (100%)
LVEDD, mm® 60 (56-65) 59 (53-63) 62 (58-67) <0.001
Index ECG QRS duration, ms 160 (154-170) 160 (154-168) 162 (154-172) 0.001
Index ECG rhythm (AF) 166 (16%) 67 (16%) 99 (16%) 0.97
Type of AF history <0.001

History of paroxysmal AF 79 (7%) 27 (6%) 52 (8%)

History of persistent AF 9 (1%) 2 (0%) 7 (1%)

History of permanent AF 46 (4%) 0 (0%) 46 (7%)

History of undefined AF 268 (25%) 128 (30%) 140 (22%)
CKD 117 (11%) 63 (15%) 54 (9%) 0.001
Diabetes mellitus 384 (36%) 155 (37%) 229 (36%) 0.95
Hypertension 511 (48%) 213 (50%) 298 (47%) 0.35
Stroke/TIA 83 (8%) 43 (10%) 40 (6%) 0.025
PVD 76 (7%) 40 (9%) 36 (6%) 0.022
Cancer 199 (19%) 90 (21%) 109 (17%) 0.1
COPD 89 (8%) 51 (12%) 38 (6%) <0.001
Liver disease 8 (1%) 4 (1%) 4 (1%) 0.57
Ischaemic heart disease 488 (46%) 211 (50%) 277 (44%) 0.064
Ml 185 (18%) 82 (19%) 103 (16%) 0.21
Dementia 22 (2%) 20 (5%) 2 (0%) <0.001
AIDS 3 (0%) 2 (0%) 1(0%) 0.35
Peptic ulcer 14 (1%) 3 (1%) 11 (2%) 0.15
Musculoskeletal disease 111 (11%) 51 (12%) 60 (10%) 0.19
Hemiplegia 8 (1%) 5(1%) 3 (0%) 0.20
CRT-P 293 (28%) 0 (0%) 293 (47%)
CRT-D 337 (32%) 0 (0%) 337 (53%)
Charlson comorbidity index 54-7) 6 (5-7) 4 (3-6) <0.001
Devices (not CRT) 0.004

PM 122 (12%) 9 (14%) 63 (10%)

ICD 68 (6%) 16 (4%) 52 (8%)

AF, atrial fibrillation; AIDS, acquired immunodeficiency syndrome; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease, CRT, cardiac resynchronization therapy;
CRT-D, cardiac resynchronization therapy with defibrillation function; CRT-P, cardiac resynchronization therapy without defibrillation function; ECG, electrocardiogram; HF, heart
failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; MI, myocardial infarction; PM, pacemaker;
PVD, peripheral vascular disease; TIA, transient ischaemic attack.

?Echocardiogram searched in the patients’ records: the first constant LVEF < 35% was recorded; otherwise, the last LVEF > 35% was recorded.

®Collected from the same echocardiogram used to collect the LVEF.
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observed at 10 years from indication. Crude and adjusted HRs are re-
ported in Table 3.

Sensitivity analysis

In patients with a class | indication for CRT, considering non-CVD as a
competing risk, the results were consistent: the use of CRT was asso-
ciated with a lower risk of CVD and first HFH in the first 5 years from
the indication (see Supplementary material online, Figure S7).

Discussion

In this analysis, we describe a large and unselected cohort of LBBB pa-
tients with a wide QRS duration (>150 ms). As previously shown from
several epidemiological studies, LBBB conduction abnormality is asso-
ciated with comorbidities and worse prognosis and its prevalence in-
creases with age and varies in accordance with cardiovascular disease
profiles.®” Furthermore, LBBB not only is easy to be diagnosticated
but also has important therapeutic implications. In HF, electrical dyssyn-
chrony further aggravates the HF condition.'®"" Conversely, LBBB may
cause left ventricular dysfunction and eventually HF over time, a condi-
tion that can be reversed by CRT.?

In terms of comorbidities, significant differences, as expected, were
visible between those who had HF at the time of LBBB development
compared with those who did not develop HF or developed HF after
LBBB diagnosis.

In our cohort, 41% of patients had a previous history of HF. Although
there are difficulties in comparison due to different populations’ selec-
tion criteria and definitions, these results are in line with previous find-
ings in patients with LBBB."” Left bundle branch block is associated with
HF and several comorbidities, and older age and male sex were asso-
ciated with a higher risk of developing HF."

As many clinical trials demonstrated the CRT benefit in terms of
morbidity, mortality, and quality of life, it was also confirmed in this
and other large unselected material, as many studies showed how
CRT s still largely underused in Europe and Sweden. The magnitude
of the problem varies based on eligibility criteria and population selec-
tion.”>™ Lund et al."® reported that CRT underutilization varies, de-
pending on different consistency analyses, from 69 to 79% based on
class | and lla indications from 2013 EHRA. Linde et al.'® estimated
that two-thirds of eligible HFrEF patients were not receiving CRT. In
our study, the percentage of underuse was relatively lower (40%).
This finding is mainly explained by our selection criteria that were lim-
ited, different from other studies, solely class | indication (HF with EF <
35%, LBBB, and QRS > 150 ms, without a history of permanent AF and
survival of at least 12 months), based on the recent 2021 EHRA guide-
lines on cardiac pacing that had extended the indications in regard to
symptoms but restricted the indications regarding morphology and
QRS duration.® Furthermore, the region is also well-supplied with hos-
pital care and three CRT-implanting hospitals and our results cannot be
extended to regions with worse healthcare access. We think that hav-
ing limited the analysis to class | indication, a setting where CRT is pro-
ven to be beneficial without any doubt and that includes the majority of
CRT device implantation in Europe,17 underlines, even more, that a big
room for improvement is present in terms of therapy implementation.
Notably, accurate data on NYHA class were not retrievable from our
sources, and thus, all the patients with HF and LVEF < 35% were con-
sidered symptomatic. However, although the recent 2022 American
HF guidelines required NYHA class II-lll or ambulatory IV to fulfil class
lindication'® and less strength of evidence for CRT and NYHA class | is
reported in 2021 EHRA/ESC guidelines on cardiac pacing® and 2021
ESC/HFA guidelines on chronic HF,"® we assume that the majority of
HF patients with LVEF <35% in our cohort, in accordance with
NYHA class distribution in HFrEF, had NYHA class Il or more. 202!
Different from previous studies, where the indication was estimated

Table 3 Crude and adjusted HRs in patients with an indication for CRT between those with CRT and without CRT for all-cause of death, CVD, and first HFH at 5 and 10 years from the

indication

CRT vs. not
CRT

First HFH

CVD

All-cause of death

P-value

95% ClI

P-value 10

P-value 5

95% CI

P-value 10

95% CI

95% Cl P-value 5

years

P-value 10

95% CI

5
years

years

years

years

years

0.59-2.12 0.741
0.68-2.65 0.402

1.12
134

0.37-0.50 <0.001
0.48-0.66 <0.001

0.25-0.59 <0.001 043
0.110 0.56

0.41-1.10

0.38
0.67

0.23-0.39 <0.001
0.35-0.63 <0.001

0.30

0.047 047

0.28-0.58 <0.001

0.45-0.99

0.40
0.67

0.30 0.24-0.36 <0.001
0.36-0.57 <0.001

0.45

Crude HR

Adjusted HR

Cl, confidence interval; CRT, cardiac resynchronization therapy; CVD, cardiovascular death; HFH, heart failure hospitalization; HR, hazard ratio; vs., versus.
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Dementia <> P = 0.004
Age >75 years old | - P =0.000
COPD - —— P =0.043
Stroke/TIA —— P =0.089
CKD P =0.339
Diabetes Ot P =0.138
Paroxysmal AF* — - P =0.353
Peripheral vascular disease - — P =0.662
Ischaemic heart disease —-@- P=0.719
Cancer -TO— P =0.315
Hypertension - —— P =0.084
Male — P =0.051
PM/ICD before CRT < P =0.047

T T T T T T

A .25 5 1 2 4 8

Less CRT use

More CRT use

Figure 4 Predictors of CRT use at the time of CRT indication. AF, atrial fibrillation; CKD, chronic kidney disease; COPD, chronic obstructive pul-
monary disease; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; PM, pacemaker; TIA, transient ischaemic attack.

*Paroxysmal or undefined AF.

based on a baseline time point data collection, the strength of our lon-
gitudinal data, which could partially explain the lower prevalence of
CRT underuse, was the possibility to estimate the time when the indi-
cation was met during follow-up. This allowed us to restrict the indica-
tion only to those who lived >1 year and exclude those who had only a
temporary indication. Furthermore, it was possible to calculate the de-
lay from the indication to CRT use. A recently published large national
perspective on the timing of CRT after HFH emphasized the associ-
ation of total mortality and delay of CRT from the first HFH.*2 Our re-
sults showed also how CRT implementation is affected by a substantial
delay. Therefore, strong efforts have to be undertaken to timely adopt
CRT when indicated. Interestingly, we evaluated the predictors of CRT
utilization based on clinical characteristics at the time of indication; this
might give more pragmatic evidence of what influences doctors’ deci-
sions. First of all, the older age (>75 years old) was an independent fac-
tor of CRT non-use. It is important to underline how CRT in older age
is associated with survival benefits irrespective of age.”® Therefore,
there is no evidence of holding back a beneficial therapy when indicated
even in older patients. Thus, CRT is beneficial both for patients’ re-
ported outcomes and for treatment facilitation, which is even more
relevant in the elderly.** Dementia was also associated with CRT
underuse, but perhaps this should not be the case, as a diminished
risk for hospital care is relevant also in this patient group. On the other
side, little evidence is available for patients with dementia; therefore,
CRT has to be evaluated case by case, considering that patient accept-
ance might play a relatively bigger role. While many comorbidities were

not associated with differences in CRT use in the multivariable analysis,
COPD was still an independent factor associated with CRT underuse.
In our analysis, males have a slightly higher likelihood of CRT use.
Although not statistically significant, considering the different adher-
ence to class | indication showed by Normand et al.'” and the results
showed by Chatterjee et al.?> on CRT-D, this finding could be relevant
and not attributable to chance. The presence of a PM or an ICD was
associated with CRT use. These findings can be explained by the fact
that patients with a device had more frequent and specialized medical
contacts such as with device follow-up clinics with higher awareness
of CRT. However, it was not possible for us to adjust for this factor.
Furthermore, the bias of patient acceptance for device therapy and
its associated limitation has to be considered.?® In the previous analysis
of the Swedish HF registry, surprisingly, even after adjusting for NYHA
class and organizational factors, a strong association was found be-
tween AF and a lower risk of CRT underuse."® This finding was not con-
firmed in our analysis, where the history of AF was available at the time
of CRT indication and patients with persistent and permanent AF were
not considered having a class | indication for CRT if not implanted.

Outcomes

Patients with broad LBBB QRS morphology in sinus rhythm and symp-
tomatic HFrEF are the perfect candidates for CRT, and although land-
mark clinical trials have been conducted more than two decades ago,
CRT is still one of the most beneficial, with a lower number needed
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Figure 5 Survival function for all-cause of death (A), CVD (B), and first HFH (C) between patients with or without CRT despite the indication. With
CRT (grey), without CRT (green). Cl, confidence interval; CRT, cardiac resynchronization therapy; CVD, cardiovascular death; HFH, heart failure

hospitalization.
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to treat medications available for these patients.”” Our study showed
that independent of age, sex, and comorbidities, CRT use is associated
with lower all-cause mortality and cardiovascular mortality and less
HFH in the first 5 years after the indication and, importantly, also after
10 years for the overall mortality. These results are consistent in the sen-
sitivity analysis where non-CVD is accounted as a competing risk.
Notably, as previously shown by Noordzij et al.,”® models without the
competing risk effect overestimate the outcome rate affected by the
competing risk but the efficacy of CRT s still clearly present.
Therefore, the competing risk of death on specific causes of death, which
is relevant in the elderly and with constant improvement of medical
treatment, has to be and is studied in clinical trials such as the
RESET-CRT trial (NCT03494933) to determine whether the benefit
overwhelms the risk of an expensive therapy like CRT-P vs. CRT-D.*’
These findings are crucial to stress furthermore the importance of not
withholding a therapy when indicated and considering new strategies
that may lead patients’ features to survival benefits like device remote
monitoring.>° Although some together with older age might be asso-
ciated with lower CRT response, this should not lead to CRT underutil-
ization as shown in the recent EHRA document by Mullens et al."*

Limitations

Our analysis is affected by several limitations. The observational design
of the current study implies that causality could be extrapolated.
Potential residual and unknown confounders despite a large adjustment
have to be accounted for. Important information like medical treat-
ment and socioeconomic characteristics were not available in our
database, and we could not account for them, but we planned to im-
plement and further analyse these aspects. Our results are not gener-
alizable to non-LBBB or shorter QRS duration. Our study is limited to
the Stockholm region, and the extrapolation of data like the CRT-P/
CRT-D ratio may not be representative of other populations. The ab-
sence of medical treatment, NT-proBNP, and laboratory finding in-
formation is a major limitation since it was not possible to include
them in the adjustments.

A selection bias in patients who received or did not receive CRT can-
not be ruled out and may affect the outcome of our study. The defin-
ition of CRT indication and the characteristics were extrapolated by the
available variable, and misclassification could not be completely ex-
cluded. Furthermore, it was not possible to exclude patients with per-
sistent AF from class | indication for CRT because of the retrospective
data and the overtime overlapping diagnosis with paroxysmal AF. The
presence of undefined AF in our criteria for class | indication for CRT
has to be considered since it implies a proportion of misclassification
in accordance with the recent 2021 ESC-EHRA guideline indication.
The expected relatively low numbers and the quality of the data
sources should have unlikely impacted our results. The selection of a
broad timeframe could increase the heterogeneity in CRT indications
during the study period but, beyond allowing a longer follow-up, gives
a broad perspective of CRT utilization. The succession of different CRT
recommendations over the years limits the extrapolation of results to a
single timeframe and affects the results. Therefore, a time-adjusted ana-
lysis was adopted. Many variables are based on ICD codes, and mis-
classification cannot be completely ruled out, but the longitudinal
structure of our data allowed us to account for variation during the
study period and reduce the misclassification and risk of missing data.
Missing data were present, especially regarding echocardiographic para-
meters; under the assumption of random missingness, we think that this
had a limited effect on the results.

Conclusions

Left bundle branch block is a marker of worse prognosis, but it is also a
characteristic, in HFrEF patients, that could indicate that a very

beneficial therapy is available (CRT). Our study and others indicate
that CRT is beneficial but still affected by significant underuse.
Therefore, it is crucial to find ways of better implementing CRT utiliza-
tion and to better understand the characteristics that influence the
management of our patients.
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Supplementary material is available at Europace online.
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