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Abstract

Aims Cardiac resynchronization therapy (CRT) is highly effective in dilated cardiomyopathy (DCM) patients with impaired left
ventricular ejection fraction (LVEF) and left bundle block branch. In cardiac amyloidosis (CA) patients, left ventricular dysfunc-
tion and conduction defects are common, but the potential of CRT to improve cardiac remodelling and survival in this partic-
ular setting remains undefined. We investigated cardiovascular outcomes in CA patients after CRT implantation in terms of
CRT echocardiographic response and major cardiovascular events (MACEs).

Methods and results Our retrospective study included 47 CA patients implanted with CRT devices from January 2012 to Feb-
ruary 2020, in nine French university hospitals (77 + 6 years old, baseline LVEF 30 + 8%) compared with propensity-matched
(1:1 for age, LVEF at implantation, and CRT indication) DCM patients with a CRT device. CA patients had lower rates of CRT
response (absolute delta LVEF > 10%) compared with DCM patients (36% vs. 70%, P = 0.002). After multivariate Cox analysis,
CA was independently associated with MACE (hospitalization for heart failure/cardiovascular death) [hazard ratio (HR) 3.73,
95% confidence interval (Cl) 1.85-7.54, P < 0.001], along with the absence of CRT response (HR 3.01, 95% ClI 1.56-5.79,
P = 0.001). The presence of echocardiographic CRT response (absolute delta LVEF > 10%) was the only predictive factor of
MACE-free survival in CA patients (HR 0.36, 95% Cl 0.15-0.86, P = 0.002).

Conclusion Compared with a matched cohort of DCM patients, CA patients had a lower rate of CRT response and conse-
quently a worse cardiovascular prognosis after CRT implantation. However, CRT could be beneficial even in CA patients given
that CRT response was associated with better cardiac outcomes in this population.

Keywords Cardiac amyloidosis; Cardiac resynchronization therapy; Heart failure; Pacemaker; Implantable cardioverter defibrillator
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Introduction

Amyloidosis is a systemic disease due to an abnormal accu-
mulation of protein in the tissues.® The prognosis is poor,
with a median survival <3 years after the onset of heart
failure symptoms.? Cardiac involvement may occur in three
main types of amyloidosis: amyloidosis with immunoglobu-

lin light chains (AL), wild-type transthyretin amyloidosis
(ATTRwt), and hereditary transthyretin amyloidosis caused
by TTR gene variants (ATTRv). Cardiac amyloidosis (CA) in-
volvement is due to the accumulation of amyloid fibrils
with an increase in ventricular wall thickening and myocar-
dium stiffness that is frequently complicated by electrical
conduction defects requiring a permanent pacemaker® and
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impaired left ventricular ejection fraction (LVEF) at the late
stage of the disease.

Cardiac resynchronization therapy (CRT) is highly effective
in dilated cardiomyopathy (DCM) patients with impaired
LVEF and left bundle branch block (LBBB). The European Soci-
ety of Cardiology guidelines recommend the implantation of
a CRT device in patients with LBBB and LVEF < 35%, but de-
vice upgrading to CRT is also recommended when systolic left
ventricular (LV) dysfunction is induced by right ventricular
(RV) pacing® and for atrioventricular (AV) block with impaired
LV function.®

In CA patients, the potential of CRT to improve cardiac re-
modelling and cardiovascular (CV) survival remains unde-
fined. By extension of the results in DCM patients, several
centres tend to implant CRT devices in infiltrative cardiomy-
opathies, especially in CA patients who develop high-grade
conduction disorders or to upgrade patients with a high rate
of RV pacing and heart failure symptoms. However, given the
specific pathophysiology of CA, the results from non-CA co-
horts cannot be extrapolated to CA patients, and it is cur-
rently unclear whether CRT could be effective in this
population. A recent study on 30 CA patients suggested low
rates of CRT response but improved survival compared with
matched non-CRT CA patients.®

Thus, we aimed to assess echocardiographic response and
major CV event (MACE) rates after CRT implantation in CA pa-
tients compared with matched DCM patients.

Methods
Study design

This retrospective case—control observational study was con-
ducted in nine French university hospitals: Besangon, Créteil
Henri Mondor, Dijon, Nancy, Poitiers, Reims, Rennes, Saint-
Etienne, and Tours.

Cardiac amyloidosis diagnosis was established by the
treating physicians. However, every patient’s medical records
were checked by the principal investigator of the study (K. F.),
and only patients whose diagnosis criteria met consensus ex-
pert guidelines’” were included in the analysis. CA criteria
were based on morphological characteristics using transtho-
racic echocardiography (diastolic cardiac septum thickness
>12 mm with no other cause of hypertrophy®), magnetic res-
onance imaging, and bisphosphonate scintigraphy. Biological
tests were also used to confirm the diagnosis and included
genetic transthyretin (TTR) screening, serum electrophoresis,
immuno-fixation on serum or urine, and biopsy in the pres-
ence of a gammopathy for immunohistochemistry for lambda
or kappa immunostaining to distinguish AL type from ATTR.
We also collected high-sensitivity troponin, N-terminal pro-
BNP, and creatinine plasma levels to confirm the stage of

CA before CRT implantation (Supporting Information,
Table S1).
Inclusion criteria were as follows:

e patients with CA (AL, ATTRy, and ATTRwt),

e patients implanted with a CRT-P (pacemaker)/CRT-D (defi-
brillator) device after the diagnosis of CA, and

e patients with a minimum of 6 months of follow-up after
CRT implantation in the centre where the CRT was
implanted.

Dilated cardiomyopathy was diagnosed by transthoracic
echocardiography, magnetic resonance imaging, and/or after
coronary angiography. Patients with previous coronary artery
disease, coronary angioplasty, or coronary artery bypass graft
were excluded from the comparison cohort.

Screening methodology

Patients from Besancon, Dijon, Poitiers, Reims, Rennes, Saint-
Etienne, and Tours were recruited through the hospital’s de-
partment of medical information using the International Clas-
sification of Diseases (ICD-10) diagnostic codes for CA and the
Common Classification of Medical Procedures codes for CRT
implant (Figure 1). For the other centres, patients were iden-
tified from pre-existing internal registries (Nancy and Créteil
Henri Mondor).

For the non-ischaemic DCM-matched cohort, a total of 783
patients who had a CRT device implanted between 2012 and
2019 were retrospectively screened. Baseline or follow-up
data were incomplete in 273 patients (mainly due to lack of
echocardiography data at baseline and follow-up in patients
implanted but not followed in the centre), and 207 patients
had ischaemic cardiomyopathy or previous coronary artery
disease. Thus, among the remaining 303 patients, a 1:1 pro-
pensity score matching with CA patients was performed (on
age, LVEF at baseline, and CRT indication), as well as a
case—control matching for sensitivity analysis purposes.

Data collection

Patient characteristics were collected from the ICD-10, CCAM,
and the electronic medical records: CV risk factors, clinical
data, previous CV history, characteristics of cardiac
resynchronization (position of the LV lead and indication of
CRT), type of bundle branch block, type of amyloidosis and
date of the diagnosis, acute and discharge medications (amy-
loidosis treatment was defined as tafamidis for ATTR patients
and chemotherapy for AL patients), biological data, echocar-
diographic data (LVEF using Simpson’s biplane method and
longitudinal strain deformation when available®) at baseline
and at follow-up after CRT implantation (at least 3 months af-

ESC Heart Failure 2022; 9: 740-750
DOI: 10.1002/ehf2.13663

85U8017 SUOLILLOD BANE81D (ot jdde sy Ag peusnob afe sejoiLe VO ‘88N Jo se|n. 10j AriqiT8uljUO /8|1 UO (SUORIPUOD-pUR-SWIBIW0D A8 1M Ate1q Ul |Uo//SdNL) SUORIPUOD PUe SWS 1| 84} 88S *[202/20/c0] Uo ARigiauljuo A8|IM ‘80Ul aUeiyo0D Aq £99€T ZJU8/200T OT/10p/wod A8 | Arelq1jeuljuo//sdiy woiy pepeojumod ‘T ‘2202 ‘22855502



742

K. Fischer et al.

Figure 1 Flow chart of the study. AL, amyloidosis with immunoglobulin light chains; ATTR, transthyretin amyloidosis; CA, cardiac amyloidosis; CRT,

cardiac resynchronization therapy.

Cardiac amyloidosis group
9 French University Hospital Centers

exclusion for :

Single or dual chamber N: 210
Heart transplantation N: 2
CRT before CA diagnosis N: 6
Missing data N : 9

Included for analysis
N:47

AL cardiac ATTR cardiac
amyloidosis amyloidosis
N:8 N:39

Dilated cardiomyopathy group
Dijon cohort

exclusion for :
Ischaemic cardiomyopathy N : 207
Missing data N : 273

Eligible for matched cohort
N : 303

Included for analysis after matching
N:47

ter CRT), biventricular pacing rate on the last device interro-
gation, and sustained ventricular tachycardia (VT) (defined
as >30 s)/ventricular fibrillation (VF) treated by ATP or shock
on device download or remote monitoring. Follow-up data
for CV outcomes including death (and its cause), CV death,
and hospitalization for heart failure were collected using
the medical records and the local registry if present. Accord-
ing to institutional policy, we did not require institutional re-
view board approval given the retrospective nature of the
work and the use of anonymized data sheets. This study
was approved by the Clinical Research Department of Dijon
University Hospital and complied with the Declaration of
Helsinki.

Cardiac resynchronization therapy—pacemaker
or cardiac resynchronization therapy—
defibrillator indications

We categorized implantation indications as follows:

e |BBB + LVEF < 35%,

e non-LBBB enlarged QRS + LVEF < 35% (including right bun-
dle branch block and non-specific intraventricular conduc-
tion delay),

e upgrading from VVI or DDD to CRT due low LVEF induced
by RV pacing, and

e high-degree AV block + LVEF < 50% ‘BLOCK-HF like
indication’.

Study outcomes

The main outcomes were echocardiographic CRT response
(defined according to previous publications: absolute in-
creased delta in LVEF > 10% between pre-implantation and
at follow-up echocardiography'®) and MACE (defined as hos-
pitalization for heart failure or CV death) at follow-up after
CRT implantation.

Statistical analysis

The statistical results of the continuous variables are
presented as means + standard deviation for Gaussian distri-
bution, medians (first quartile to third quartile) for non-
Gaussian distribution after the Kolmogorov-Smirnov test,
and the results of the dichotomous variables as numbers
(%). For categorical data, ){2 or Fisher’s exact test was used,
while Student’s t-test was used for the comparison of
continuous data with normal distribution variable or Mann—
Whitney U test for non-parametric variables. CA patients
were matched 1:1 with DCM  patients using
nearest-neighbour matching on the linear propensity score
with a tolerance of 0.10 on age, LVEF at implantation, and
CRT indication. Moreover, a second 1:1 matching was per-
formed using case—control method with no tolerance on
CRT indication and a tolerance of 0.10 on age and LVEF, for
sensitivity analysis of the matching. The Kaplan—Meier sur-
vival curves were performed to study the occurrence of
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MACE at follow-up and compared with the log-rank test. Data
were censored at the date of the MACE episode, the last date
of follow-up, or at 2500 days.

Before the construction of the multivariate models, collin-
earity between variables was excluded. Variables entered
into the multivariate model were chosen according to their
univariate relationship with an inclusion cut-off at 5% and ex-
clusion cut-off at 5% for the first model including both CA and
DCM patients, and 20% of inclusion cut-off in the CA cohort
analysis due to limited sample size. Cox multivariate stepwise
backward conditional regression analyses were performed to
identify predictors of MACE in the two groups and then spe-
cifically in the CA group to test MACE and CRT response pre-
dictors. The effect of the variables was adjusted on the delay
between CRT and echocardiography, using various cut-offs
classically described in the literature (6, 9, and 12 months af-
ter implantation), because the log-linearity assumption was
not verified. We thus adjusted the group effect on the delay
using 6 months for the primary analysis. The aim of the sen-
sitivity analysis was to check whether the group effect was
consistent when changing the cut-off of the delay used as a
dependent variable in the model.

Because of missing data, biological variables at implanta-
tion were not included in multivariable models.

All of the tests were two sided, and a P value <0.05
was considered significant. The statistical tests were per-
formed with SPSS software Version 26 (IBM Corp., Armonk,
NY, USA).

Results
Patient characteristics

Between January 2012 and February 2020, among the 274
patients screened in our nine centres, 47 were included in
the CA cohort (Figure 1). The mean age of CA patients was
77 (£6), 43 (92%) were male, and median baseline LVEF was
30% (25-39.8). CRT indication was LVEF < 35% + LBBB in 27
(57%) patients, upgrading for low LVEF due to RV pacing in
10 (21%) patients, LVEF < 35% + non-LBBB enlarged QRS in
6 (13%) patients, and complete AV block with impaired LVEF
in the remaining 4 (9%) patients.

After propensity score matching, DCM patients had similar
age, New York Heart Association stage, baseline LVEF, and in-
dication for CRT implantation as the CA cohort. However, the
two groups differed on several baseline parameters: CA pa-
tients were more often male than DCM patients (92% of CA
vs. 66% of DCM, P = 0.002) and had more previous hospital-
izations for heart failure (87% vs. 47%, P = 0.004) (Table I).
CA patients had lower rates of CRT response (absolute delta
LVEF > 10%) compared with DCM patients (36% vs. 70%)
(P =0.002) (Table 1).

Cardiovascular outcomes in cardiac amyloidosis
patients compared with matched dilated
cardiomyopathy patients

Regarding ventricular arrhythmias, five patients in the CA
group experienced sustained VT/VF on their device. Among
them, four were ICD carriers and one was a PM carrier. No
difference was observed between the two groups for
sustained VT or VF episodes on CRT devices during
follow-up (Table 5). After a median follow-up of 518 (274—
851) days and 1279 (608-2375) days in the CA and DCM
groups, respectively (P < 0.001), MACE occurred in 70% of
CA patients compared with 34% of DCM patients. MACE rate
at 1 and 2 years of follow-up after CRT was 48% and 67% for
the CA group and 11% and 23% for the DCM group (log-rank
P < 0.001) (Figure 2A). Additional survival curves for HF hos-
pitalization, CV death, and all-cause death are provided in
Supporting Information, Figure S1. In deceased patients,
there were no references in the medical files to ventricular
arrhythmias on the devices (CRT-P or CRT-D) or to sudden
cardiac arrest. All CV deaths were related to terminal HF,
and the non-CV deaths were related mostly to the underlying
condition responsible for amyloidosis.

After multivariate Cox analysis adjusted on the delay be-
tween CRT implantation and follow-up echocardiography,
CA was independently associated with MACE [hazard ratio
(HR) 3.73, 95% confidence interval (Cl) 1.85-7.54,
P < 0.001], along with the absence of CRT response (delta
LVEF < 10%, HR 3.01, 95% Cl 1.56-5.79, P = 0.001), male
sex (HR 2.68, 95% ClI 1.04-6.91, P = 0.041), and biventricular
pacing rate <95% (HR 2.27, 95% Cl 1.07-4.80, P = 0.032)
(Table 2 and Figure 2B). As sensitivity analysis, we computed
the model with several cut-offs of the delay and retained
6 months as the reference, but the estimated HR of the var-
iables remained significant in all analyses and did not change
substantially. Moreover, when the matching was performed
on a case—control pattern rather than propensity score as
sensitivity analysis of our matching strategy, the multivariate
results remained almost identical: CA remained indepen-
dently associated with MACE (HR 4.27, 95% Cl 1.98-9.19,
P < 0.001), along with the absence of CRT response (delta
LVEF < 10%, HR 2.75, 95% CI 1.37-5.53, P = 0.004).

Predictors of major cardiovascular event and
cardiac resynchronization therapy response in
cardiac amyloidosis cohort

In the CA cohort, MACE patients did not differ from
MACE-free patients in terms of baseline cardiovascular status
(including baseline LVEF), type of CA, treatments for heart
failure, biological data, and indication for CRT (data not
shown). After Cox multivariate analysis adjusted on the delay
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Table 1 Patient characteristics [n (%), mean = standard deviation, or median (inter-quartile range)] of the two groups: cardiac

amyloidosis and matched dilated cardiomyopathy patients

Cardiac amyloidosis DCM
N =47 N = 47 P
Population
Age at implantation (years) 77.2 =59 76.3 £ 5.3 0.64
Age at implantation >75 years 29 (62) 28 (60) 1
Male sex 43 (92) 31 (66) 0.002
NYHA stage 0.73
| 5(11) 5(11)
Il 26 (55) 29 (62)
1] 15 (32) 13 (28)
\Y, 1(2) 0
Cardiovascular risk factors
Current smoking 10 (21) 9 (19) 1
Hypertension 27 (54) 27 (54) 1
Hypercholesterolaemia 23 (49) 16 (34) 0.21
Diabetes 5(11) 9(19) 0.39
Family history of coronary artery disease 6 (13) 0 0.03
Cardiovascular history
Coronary artery disease 10 (21) 0 <0.001
Previous atrial fibrillation 32 (68) 21 (45) 0.04
Previous hospitalization for heart failure 41 (87) 22 (47) 0.004
Chronic medications
Beta-blocker 8(17) 46 (98) <0.001
ACE inhibitor/ARBs 15 (32) 41 (87) <0.001
Diuretic 42 (89) 35 (75) 0.11
MRA 22 (47) 19 (40) 0.68
Valsartan/sacubitril 2 (4) 3 (6) 1
Digoxin 2 (4) 5(11) 0.44
Calcium channel blocker 0 1(2) 1
Amiodarone 14 (30) 6 (13) 0.08
Anticoagulation therapy 43 (92) 24 (51) 0.004
Amyloidosis treatment
Tafamidis 15 (32%)
Chemotherapy for AL 7 (15%)
Echocardiography
LVEF at baseline (%) 30 (25-35) 30 (25-34) 0.89
LVEF at follow-up after implantation (%) 37 (31-43) 45 (40-50) <0.001
Time between CRT and TTE (days) 273 (182-365) 306 (182-458) 0.20
Absolute delta LVEF > 10% 17 (36) 33 (70) 0.002
Indication for implantation 0.20
LBBB + LVEF <35% 27 (54) 32 (68)
Non-LBBB enlarged QRS + LVEF < 35% 6 (13) 1(2)
Upgrading 10 (21) 8(17)
‘BLOCK-HF like" indication 4(12) 6 (13)
Implantation characteristics and follow-up
CRT device 0.006
CRT-P 27 (57) 13 (28)
CRT-D 20 (43) 34 (72)
LV lead type 0.013
Bipolar (60) (32)
Quadripolar 19 (40) 32 (68)
LV lead position 1
Endovascular (lateral) 45 (96) 44 (93)
Epicardial (surgical) 2 (4) 3 (6)
Atrioventricular node ablation 9 (19) 5(11) 0.39
Biventricular stimulation rate (%) 98 (95-99) 99 (97-99) 0.002
Biventricular stimulation rate >95% 36 (77) 43 (92) 0.09

ACE, angiotensin-converting enzyme; AL, amyloidosis with immunoglobulin light chains; ARBs, angiotensin Il receptor blockers; CRT, car-
diac resynchronization therapy; CRT-D, cardiac resynchronization therapy—defibrillator; CRT-P, cardiac resynchronization therapy—pace-
maker; DCM, dilated cardiomyopathy; LBBB, left bundle block branch; LV, left ventricular; LVEF, left ventricular ejection fraction; MRA,

mineralocorticoid receptor antagonist; NYHA, New York Heart Association; TTE, transthoracic echocardiography.
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Figure 2 Estimated major cardiovascular event (MACE)-free survival rates after cardiac resynchronization therapy implantation in cardiac amyloidosis
and matched dilated cardiomyopathy patients. (A) Unadjusted data. (B) Adjusted for differences in clinical characteristics and concomitant diseases by
Cox multivariate hazard regression. P value refers to log-rank test for (A) and Cox model for (B).
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Table 2 Univariate and multivariate Cox regression analysis to estimate predictors of MACE in cardiac amyloidosis and matched dilated
cardiomyopathy patients

Univariate Multivariate
Variable HR 95% CI P HR 95% CI P
Male sex 3.68 1.45-9.33 0.006 2.68 1.04-6.91 0.041
Age at implantation 1.05 0.99-1.11 0.062
Hypertension 1.15 0.65-2.05 0.63
Dyslipidaemia 0.99 0.56-1.79 0.99
Diabetes 0.87 0.39-1.94 0.74
Current smoking 1.20 0.61-2.35 0.600
Previous atrial fibrillation® 2.39 1.31-4.38 0.005
Previous coronary artery disease 2.37 1.03-5.42 0.041
Previous hospitalization for heart failure 2.33 1.21-4.51 0.008
Beta-blocker” 0.26 0.14-0.46 <0.001
ACE inhibitor/ARBs® 0.38 0.21-0.67 0.001
Creatinine® 1.01 0.999-1.004 0.224
Log NT-proBNP® 1.62 1.20-2.18 0.002
Troponin® 4.84 1.53-15.29 0.007
LBBB + LVEF < 35%° 0.63 0.35-1.12 0.117
CRT-P (vs. CRT-D)* 2.61 1.48-4.62 0.001
Biventricular stimulation rate <95% 2.84 1.37-5.89 0.005 2.27 1.07-4.80 0.032
Atrioventricular node ablation 1.46 0.67-3.16 0.33
Delta LVEF < 10% 3.81 2.06-7.05 <0.001 3.01 1.56-7.79 0.001
Cardiac amyloidosis group 4.70 2.50-8.87 <0.001 3.73 1.85-7.54 <0.001

ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor blockers; Cl, confidence interval; CRT-D, cardiac resynchronization
therapy—defibrillator; CRT-P, cardiac resynchronization therapy—pacemaker; HR, hazard ratio; LBBB, left bundle block branch; LVEF, left
ventricular ejection fraction; MACE, major cardiovascular event; NT-proBNP, N-terminal pro-BNP.

Multivariate analysis adjusted on the delay between cardiac resynchronization therapy and follow-up echocardiography.

°‘Not included in the multivariable analysis due to collinearity.

°Not included in the multivariable analysis due to missing data.

between CRT implantation and follow-up echocardiography, P = 0.002) (Table 3 and Supporting Information, Figure S2).
the presence of echocardiographic CRT response (absolute Moreover, CRT response was only associated with younger
delta LVEF > 10%) was the only predictive factor for the ab- age in CA patients and not with neither CRT indication nor am-
sence of MACE in CA patients (HR 0.36, 95% Cl 0.15-0.86, yloidosis type (Table 4 and Supporting Information, Table S2).
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Table 3 Univariate and multivariate Cox regression analysis to estimate predictors of MACE in cardiac amyloidosis group

Univariate Multivariate

Variable HR 95% ClI P HR 95% ClI P
Male sex 3.99 0.54-29.47 0.17

Age at implantation 1.04 0.98-1.11 0.23

Previous atrial fibrillation 1.29 0.59-2.82 0.53

Previous hospitalization for heart failure 2.51 0.75-8.40 0.14 2.79 0.984-9.33 0.095
LBBB + LVEF <35% 0.78 0.36-1.64 0.52

Amyloidosis treatment 0.69 0.24-1.40 0.30

CRT-P (vs. CRT-D) 1.40 0.68-2.89 0.37

Biventricular stimulation rate <95% 2.02 0.87-4.66 0.10

Delta LVEF > 10% 0.43 0.18-1.01 0.05 0.36 0.15-0.86 0.002

Cl, confidence interval; CRT-D, cardiac resynchronization therapy—defibrillator; CRT-P, cardiac resynchronization therapy—pacemaker;
HR, hazard ratio; LBBB, left bundle block branch; LVEF, left ventricular ejection fraction; MACE, major cardiovascular event.
Multivariate analysis adjusted on the delay between cardiac resynchronization therapy and follow-up echocardiography.

Table 4 Univariate and multivariate regression analysis to estimate predictors of CRT response in CA group

Univariate Multivariate

Variable HR 95% ClI P HR 95% ClI P
Male sex 0.54 0.07-4.19 0.55

Age at implantation >75 years® 0.33 0.10-1.08 0.068 0.45 0.21-0.99 0.047
Previous atrial fibrillation 1.20 0.33-4.36 0.78

LVEF at implantation <35% 0.68 0.34-1.39 0.29

Creatinine at implantation 0.997 0.991-1.003 0.36

Previous hospitalization for heart failure 0.93 0.19-4.50 0.93

LBBB 1.60 0.47-5.47 0.45

Amyloidosis treatment 1.02 0.31-3.35 0.98

AL 1.07 0.22-5.17 0.93

Biventricular stimulation rate <95%° 0.64 0.33-1.24 0.19

AL, amyloidosis with immunoglobulin light chains; CA, cardiac amyloidosis; Cl, confidence interval; CRT, cardiac resynchronization ther-
apy; HR, hazard ratio; LBBB, left bundle block branch; LVEF, left ventricular ejection fraction.

‘Included in the bivariate analysis.

Discussion

The present work is the largest study to investigate the
impact of CRT on cardiac outcomes in patients with CA
(Table 5). The main findings of this work are as follows:

e Compared with a matched cohort of non-ischaemic DCM
patients implanted with a CRT, CA patients had lower rates
of echocardiographic CRT response and worse cardiovas-
cular prognoses.

e |n CA patients implanted with a CRT device, CRT echocar-
diographic response was associated with better CV
outcomes.

Cardiac resynchronization therapy response in
cardiac amyloidosis compared with matched
dilated cardiomyopathy patients

One year after CRT, compared with the DCM-matched co-
hort, CA patients had lower rates of echocardiographic CRT
response (both using the percentage of changes between

baseline and follow-up as well as the definition of absolute
delta LVEF > 10%).

Currently, there is no precise, consensual definition of the
echocardiographic response to CRT in the literature. In
MADIT-CRT,** which had a 2 year follow-up period, the au-
thors defined CRT response with absolute delta LVEF:
>14.5% (super-responders), 7.9-14.4% (responders), and
<7.9% (hypo-responders). In this cohort, super-responders
were associated with fewer non-fatal heart failure events
and deaths. At the same time, they found that the criterion
of LV end-systolic volume index changes had no impact on
heart failure or survival.™

In our work, we chose to use the absolute delta
LVEF > 10% value to define echocardiographic response to
CRT. We observed an echocardiographic CRT response in
70% patients in the DCM group and 36% in the CA group.
Using the same criterion, Steffel et al.1° observed a clinical
benefit in 47% of CRT responder patients on survival and hos-
pitalization for heart failure over 3 years of follow-up. More
recently, Choi et al.? using the same definition, described
a CRT response in 75% patients, which was also associated
with a reduction in MACE. The echocardiographic CRT re-
sponse rate in our DCM cohort is consistent with these previ-
ous studies, and our CA patients appeared to be ‘hypo-
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Table 5 Outcomes in the two groups: cardiac amyloidosis and matched dilated cardiomyopathy patients, n (%)

Cardiac amyloidosis DCM
N =47 N = 47 P

Outcomes at follow-up

New-onset atrial fibrillation 14 (30) 9 (19) 0.33

CRT complications 3 (6) 1(2) 0.62

Hospitalization for heart failure 31 (66) 13 (28) 0.001

Cardiovascular death 17 (36) 6 (13) 0.001

Death 21 (45) 9 (19) 0.02

MACE 33 (70) 16 (34) 0.001

Sustained VT/VF episode on CRT device 5(11) 3 (6) 0.71
Cause of death 0.02

Terminal heart failure 17 (36) 6 (13)

VT/VF 0 0

Acute coronary syndrome 0 0

Non cardiac cause 4 (9) 3 (6)

Follow-up (days)

518 (274-851)

1279 (608-2375) <0.001

CRT, cardiac resynchronization therapy; DCM, dilated cardiomyopathy; MACE, major cardiovascular event; VF, ventricular fibrillation; VT,

ventricular tachycardia.

responders’, with half the rate of CRT response observed in
DCM patients. Recently, Donnellan et al. also described that
33% of 30 CA patients implanted with a CRT device had a
delta LVEF @ 10%° While the exact pathophysiological mech-
anism of this weak CRT response remains unclear, it appears
that CRT may not improve very severely decreased longitudi-
nal function. We can also suppose that LVEF might not be the
best marker to measure LV dysfunction in CA, and thus, LV
strain might be a better marker to measure the amyloid
burden.® Myocardial infiltration and impaired relaxation be-
ing preponderant, the impairment of diastolic function possi-
bly gives way to systolic dysfunction at a later stage where
the prognosis is already advanced.’**® Moreover, contrary
to CA patients, DCM patients are treated with powerful heart
failure drugs such as beta-blockers or angiotensin-converting
enzyme inhibitors.

Unfortunately, current data on the efficacy of CRT in CA
and more generally in infiltrative cardiomyopathies are lim-
ited. Patel et al.*® compared the outcomes of biventricular
pacing in patients with cardiac sarcoidosis (CS) or DCM. They
found a significant average improvement in LVEF in both CS
(28.8-35.9%) and DCM patients (25-36.6%). Echocardio-
graphic CRT response was based on absolute delta
LVEF > 5% and was present in 61% of CS patients vs. 71%
of DCM patients. In our study, the only predictor of CRT echo-
cardiographic response in CA patients was age @75 years. Tak-
ing into account the relatively low rate of CRT response in CA
patients, our results suggest that CRT may be indicated in
younger CA patients.

Association between cardiac resynchronization
therapy response and major cardiovascular event
in cardiac amyloidosis patients

According to our results, an echocardiographic response to
CRT was associated with better CV outcomes in CA patients.

Ruberg et al. showed an association between MACE and LVEF
dysfunction, particularly with LVEF < 50%."” In the recent pa-
per of Donnellan et al. comparing 30 CRT and 30 non-CRT CA-
matched patients, CRT was also associated with improved
survival, even after adjusting for age, LVEF, and New York
Heart Association functional class.® These findings are consis-
tent with our results and the potential benefit of the CRT.

However, in our cohort, the occurrence of MACE was asso-
ciated neither with baseline LVEF nor with CRT indication. In-
deed, it is commonly accepted that LBBB + LVEF < 35% is the
main indication associated with better outcomes after CRT in
DCM patients. However, in CA patients, some physicians tend
to implant CRT devices in patients with high rate of RV pacing
and mild impairment in LVEF in order to prevent heart failure
progression. A retrospective study*® reported the effective-
ness of upgrading in CA comparing the outcomes in 78 CA pa-
tients according to the type of implanted device (RV pacing
vs. CRT). They found a worsening in LVEF after implantation
in 89% of patients with RV pacing rate >40%. They also
showed a LVEF improvement in 78% of CRT patients at
42 months. Taken together with our results, this suggests
that CRT could prevent LVEF worsening in CA patients im-
planted from a pacemaker and that CRT should be discussed
in patients with an expected high rate of RV pacing and mild/
moderate LVEF impairment, as described in the BLOCK-HF
study.®

Poor cardiovascular prognosis

In our analysis, as expected, after a median follow-up of
518 days, CA patients had a poorer prognosis than matched
DCM patients, with terminal heart failure as the main cause
of death. Despite the recently development of treatments
for CA, it is well known that these patients have rather poor
prognosis, with a median survival of 6 months for the AL
form®® and 60 months for the ATTR form.%°
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The rest of the current literature has focused on the effect
of ICD on the survival of patients with CA. The results of a
meta-analysis from Rezk et al.?* confirm an overall survival
rate of 49% with a median follow-up of 4.9 months. Hamon
et al.**> showed, in 45 CA patients with a median follow-up
of 17 months, a mortality rate of 26% due to terminal heart
failure (50%) and pulseless electrical activity (17%).

More recently, in a CA cohort with ICD and a follow-up of
60 months (compared with non-CA patients with ICD and CA
patients without ICD), Kim et al.?® described a higher mortal-
ity rate in CA (39%) vs. non-CA (18%) patients. Moreover, the
presence of an ICD was not associated with an improvement
in survival rate compared with CA patients without ICDs
(46%). They observed higher rates of treated VT/VF episodes
in the CA (26%) and DCM groups (26%) than we did in our co-
hort (11% and 6%, respectively), probably because we had a
higher mortality rate and more CRT-P in our population. How-
ever, the role of ICD in CA patients implanted from a CRT de-
vice remains to be prospectively studied.

Limitations

We acknowledge several limitations in this study. Firstly, we
conducted a retrospective study with a potential for selection
and information biases. However, registry data, and CCAM
and ICD-10 codes have been successfully used in this
setting.?* We did not have the access to full medical records
for some patients followed-up in another centre. Several pa-
tients were therefore excluded from the analysis, which was
limited to the variables available for the entire cohort. More-
over, echocardiographic response was only based on LVEF, as
strain was not available or measured with a different device,
whereas more recent studies used LV end-systolic volume to
estimate CRT response due to LVEF variability. As regards
electrocardiographic parameters, we were not able to pre-
cisely assess the changes in QRS duration before and after
CRT even though these changes may be associated with
CRT response.?®> DCM and CA populations had significant dif-
ferences in terms of previous medical history and treatments,
which could also explain the better prognosis observed in the
DCM group. However, given the specific clinical profile of CA
patients, it was not possible to obtain perfect matching on
these parameters, despite a large DCM cohort of 303
patients.

Also, we did not compare outcomes in CA patients with de-
creased LVEF and dyssynchrony who did not undergo CRT.
We did not have the complete set of data for this criterion
and were therefore not able to compare its predictive perfor-
mance with our LVEF-based definition. However, the 10% ab-
solute improvement in LVEF after CRT has already been used
in many studies and was proven to be associated with a re-
duction in MACE during follow-up.

Finally, although this is a multicentre study, the sample size
limits the power of our statistical analysis of the CA cohort
and particularly for the interaction of CRT response with am-
yloidosis treatment such as tafamidis. However, to our knowl-
edge, this is currently the largest series of CA patients
implanted with CRT in the literature.

Conclusions

After CRT implantation, compared with a matched cohort of
DCM patients, CA patients had lower rates of CRT response
and worse CV outcomes with significantly higher rates of hos-
pitalization for heart failure and cardiovascular death. How-
ever, CRT therapy may still be of interest in CA patients
(especially younger ones) given that CRT response was asso-
ciated with lower rates of cardiac events in this population.

In the light of these results, the potential benefit of CRT in
CA patients needs further investigation.
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Supporting information

Table S2. Patient characteristics (n (%), mean * standard de-

viation or median (interquartile range)) in cardiac amyloidosis

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

patients according to CRT response.
Figure S1. Supporting Information.

Figure S2. Supporting Information.

Table S1. Supporting Information.
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