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Abstract

Background: Transthyretin (TTR) cardiac amyloidosis is a progressive cardiomyopathy with high mortality; however, the role of im-
plantable cardioverter-defibrillators (ICDs) in this population remains unclear. Methods: This retrospective cohort study included pa-
tients with confirmed TTR cardiac amyloidosis, with or without ICDs, from January 1, 2001, to December 31, 2024, across all three Mayo
Clinic sites (Arizona, Florida, and Minnesota). Diagnosis was confirmed by endomyocardial biopsy or abnormal technetium pyrophos-
phate (PYP) scintigraphy. A 1:4 propensity score-matched cohort of non-ischemic cardiomyopathy (NICM) patients with ICDs served
as a control group. The primary outcome was all-cause mortality, comparing transthyretin cardiac amyloidosis (TTR-CA) patients by
ICD status and against matched NICM patients. Secondary analyses evaluated predictors of mortality, including the use of tafamidis and
the indication for ICD (primary vs. secondary prevention). Kaplan-Meier and Cox regression analyses were used to assess predictors of
survival and mortality. Results: A total of 463 patients with confirmed TTR cardiac amyloidosis were included. The median follow-up
duration was 7.4 years (interquartile range (IQR): 5.3-9.2 years) for the non-ICD group and 6.8 years (IQR: 4.5-9.0 years) for the ICD
group. The median age was 74.5 years (IQR: 68.0-80.0 years), and 92.9% of patients were male. Among them, 206 (44.5%) received
ICDs and 257 (55.5%) did not. ICD recipients were younger (71.0 vs. 77.0 years; p = 0.001) and had higher rates of hypertension
(62.6% vs. 45.6%; p = 0.001), chronic kidney disease (CKD) (62.6% vs. 44.4%; p = 0.001), and diabetes (30.1% vs. 21.8%; p = 0.043).
Median left ventricular ejection fraction was lower in the ICD groups (43% vs. 54%; p = 0.007), and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels were higher in the ICD group (2259.0 pg/mL vs. 1503.0 pg/mL; p = 0.007). Among ICD recipients, 157
(76.2%) received the device for primary prevention, while 48 (23.3%) received the ICD for secondary prevention. Appropriate shocks
were delivered in 22 patients (10.6%), primarily for ventricular tachycardia (n = 18) and ventricular fibrillation (n = 4). Inappropriate
shocks occurred in six patients (3.0%), and 12 patients (5.8%) experienced device-related complications. Over 10 years of follow-up,
ICD implantation did not confer a survival benefit for patients with TTR-CA compared to those without an ICD (p = 0.74). In contrast, a
1:4 propensity-matched NICM cohort with ICDs, which had a median follow-up of 7.1 years (IQR: 4.6-8.8 years), showed significantly
improved survival than TTR-CA patients with ICDs (p = 0.034). Among the TTR-CA patients with ICDs, neither the use of tafamidis
(p = 0.10) nor the ICD indication (primary vs. secondary prevention; p = 0.85) influenced mortality. In the Cox regression analysis,
predictors of mortality in TTR-CA patients included older age (hazard ratio (HR) 1.048; p =0.001), CKD (HR 1.637; p =0.029), troponin
T >50ng/L (HR 1.594; p=0.031), NT-proBNP >3000 pg/mL (HR 1.514; p = 0.050), and ejection fraction <40% (HR 1.935; p=0.003).
ICD implantation was not associated with improved survival (HR 0.932; p = 0.763). Conclusions: In conclusion, our data suggest that
ICD therapy may not provide a significant overall survival benefit in older TTR-CA patients with impaired pump function; thus, prospec-
tive studies are warranted before any changes to clinical practice are considered. Key predictors of mortality included reduced ejection
fraction and elevated cardiac biomarkers. Additional prospective studies are needed to clarify the role of ICDs in treatment strategies for
patients with TTR-CA.
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1. Introduction

Transthyretin (TTR) cardiac amyloidosis is a progres-
sive, infiltrative cardiomyopathy characterized by the ex-
tracellular deposition of misfolded TTR protein in the my-
ocardium. It can be caused by either wild-type TTR (AT-
TRwt) or variant TTR (ATTRv) due to genetic mutations.
TTR cardiac amyloidosis has been increasingly recognized
as a significant cause of cardiomyopathy with progressive
heart failure and increased mortality in the elderly [1].

The diagnostic gold standard for cardiac amyloido-
sis remains endomyocardial biopsy with proteomic typing
by mass spectrometry. However, since 2016, non-invasive
diagnosis of TTR cardiac amyloidosis has become pos-
sible in patients without evidence of a monoclonal pro-
tein, using technetium-99m pyrophosphate (PYP) scintig-
raphy with single-photon emission computed tomography
(SPECT) imaging. In the presence of a monoclonal protein,
a tissue diagnosis with mass spectrometry remains essen-
tial for confirming amyloid subtype. While cardiac mag-
netic resonance (CMR) imaging cannot differentiate be-
tween amyloid subtypes, it plays a critical role in detect-
ing infiltrative cardiomyopathy and supports the diagnostic
process [2].

Mortality rates in TTR cardiac amyloidosis vary based
on subtype and disease stage. In the Transthyretin Amy-
loidosis Cardiac Study (TRACS), median survival from di-
agnosis was 25.6 months for patients with the V1221 mu-
tation, compared to 43.0 months for those with wild-type
TTR. Mortality rates can be significantly higher in ad-
vanced stages or in the presence of certain risk factors [3].
Current indications for implantable cardioverter defibrilla-
tor (ICD) implantation in patients with TTR cardiac amyloi-
dosis are not well-established and remain a topic of ongoing
debate [4,5]. The decision to proceed with ICD placement
is typically individualized, considering multiple factors in-
cluding the patient’s indication for ICD therapy (primary or
secondary prevention), anticipated life expectancy, burden
of comorbid conditions, and personal values or preferences
regarding quality of life and invasive therapies [4].

The literature has identified several predictors of early
death in TTR cardiac amyloidosis. These factors outper-
formed the New York Heart Association (NYHA) func-
tional class in predicting 18-month mortality [6]. A system-
atic review and meta-analysis in 2020 identified additional
prognostic factors, including right ventricular dysfunction,
low voltage on electrocardiogram (ECQG), and pericardial
effusion. The authors proposed a risk score incorporating
these factors to predict short-term mortality in TTR cardiac
amyloidosis but still concluded that the frequency of appro-
priate ICD treatment in cardiac amyloidosis is low and is
not predicted by non-sustained ventricular tachycardia (VT)
[7].

Despite the increasing recognition of cardiac amyloi-
dosis and its associated high mortality risk, there remains a
significant gap in the literature regarding the utility of ICD

implantation to reduce mortality, as existing evidence re-
mains inconclusive due to small and heterogeneous study
populations, lack of randomized trials, short follow-up, and
inconsistent use of guideline-directed indications. Existing
research has failed to demonstrate a clear mortality benefit
from ICD use in cardiac amyloidosis patients [7]. Our study
aims to identify differences in comorbidities and baseline
characteristics between TTR cardiac amyloidosis patients
with and without ICDs, and to compare survival outcomes
between these two groups and other causes of non-ischemic
cardiomyopathy (NICM), and to identify mortality predic-
tors for TTR cardiac amyloidosis patients.

2. Methods
2.1 Study Design

This retrospective cohort study included patients
with confirmed TTR cardiac amyloidosis, with and with-
out ICDs, from 2001 to 2024 across all three primary
Mayo Clinic sites (Arizona, Florida, and Minnesota cam-
puses). Diagnosis of TTR-cardiac amyloidosis was based
on either endomyocardial biopsy demonstrating amyloid
deposition—prior to 2009 confirmed by immunohisto-
chemistry with a negative hematologic workup, and af-
ter 2009 confirmed by mass spectrometry—or on positive
technetium-99m PYP scintigraphy (Perugini Grade 2 or 3)
obtained after 2016, in the absence of a monoclonal pro-
tein, as evidenced by negative serum and urine immunofix-
ation and a normal serum free light-chain kappa/lambda ra-
tio. Non-biopsy-proven diagnoses also required echocar-
diographic or CMR findings supportive of amyloid deposi-
tion [8]. NICM was identified by was identified based on
the absence of significant coronary artery disease, as well
as echocardiographic or cardiac MRI findings consistent
with myocardial dysfunction. Subjects were identified us-
ing ICD-10 codes through an electronic data extraction sys-
tem, followed by a comprehensive chart review to confirm
the diagnosis. Patients with left ventricular assist devices
were excluded. The study was approved by the Mayo Clinic
Institutional Review Board (Approval No. 16-006578) and
conducted in accordance with the ethical principles outlined
in the Declaration of Helsinki. Given the retrospective na-
ture of the study and the use of de-identified patient data, the
requirement for informed consent was waived by the IRB.
Data supporting the findings of this study are available from
the corresponding author upon reasonable request.

2.2 Data Collection

In-depth chart reviews were conducted to collect base-
line patient characteristics, including age at diagnosis, gen-
der, race, and smoking status (categorized as active, for-
mer, or never smoker). Prior comorbidities such as dia-
betes mellitus (DM), hypertension (HTN), stroke or tran-
sient ischemic attack, deep vein thrombosis (DVT) or pul-
monary embolism (PE), cancer, heart transplant, prior his-
tory of coronary artery disease (CAD), chronic kidney dis-
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ease (CKD), and atrial fibrillation were recorded. Infor-
mation on ICDs included the implantation date, indica-
tion, number of shocks (appropriate vs. inappropriate), rea-
son for inappropriate shocks, and device-related complica-
tions. The episodes of ventricular arrhythmias requiring
ICD shocks were individually reviewed and adjudicated as
monomorphic VT or polymorphic VT/ventricular fibrilla-
tion with assessment of their successful termination or not.
Of the 24 documented ICD shock episodes, full device data
were available for 18 (75%). We performed a sensitivity
analysis assuming that all six episodes with missing data
represented failed terminations. Echocardiographic mea-
surements included left ventricular ejection fraction, while
laboratory values, such as N-terminal pro-B-type natriuretic
peptide (NT-proBNP) and troponin T, were taken from the
closest measurement to the date of TTR cardiac amyloidosis
diagnosis. Due to the retrospective nature of the study and
variability in clinical testing some biomarker data was not
available for all patients. We performed sensitivity anal-
ysis and the findings were not sensitive to the method of
handling missing data. The primary aim was to assess total
mortality, while the secondary aims were evaluation of suc-
cess rate of ICD shocks and identification of the predictors
of mortality.

2.3 Statistical Analysis

Baseline characteristics, comorbidities, echocardio-
graphic findings, and laboratory data were compared be-
tween patients with and without an ICD using #-tests or non-
parametric tests for continuous variables, depending on data
distribution, and Chi-square (x2) tests for categorical vari-
ables. Cox proportional hazards regression was performed
to identify predictors of mortality in the TTR cardiac amy-
loidosis population. Both univariable and multivariable
analyses were conducted, with results reported as hazard
ratios (HR) and corresponding 95% confidence intervals
(CI). The multivariable analysis was adjusted for potential
risk factors within the TTR cardiac amyloidosis popula-
tion, including age, sex, history of CAD, history of stroke,
CKD, cancer, troponin T levels >50 ng/L, NT-proBNP lev-
els >3000 pg/mL, and LVEF <40%.

Survival probabilities were compared between cardiac
amyloidosis patients with and without ICDs, and against
a matched cohort of NICM patients with ICDs, using
Kaplan—Meier survival curves and the log-rank test. To
reduce confounding, propensity score matching was per-
formed using a 1:4 nearest-neighbor algorithm without re-
placement and a caliper width of 0.1 times the standard de-
viation of the logit of the propensity scores. Matching was
based on age, sex, hypertension, diabetes mellitus, prior
stroke or TIA, DVT or PE, CKD, atrial fibrillation, can-
cer, coronary artery disease, and left ventricular ejection
fraction. For time-to-event analyses, the index date in the
Kaplan—Meier survival curve was set at the time of initial
diagnosis of cardiac amyloidosis and NICM for all patients.
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For the Kaplan—Meier analysis of tafamidis use, the index
date was defined as the date of the first tafamidis order for
treated patients, and the date of ICD implantation for un-
treated patients. Patients were censored at the first occur-
rence of death, last clinical encounter, or at a maximum
follow-up of 10 years. Continuous variables were summa-
rized as mean + standard deviation (SD) or median (in-
terquartile range [IQR]), while categorical variables were
reported as counts and percentages. Two-tailed p-values <

0.05 were considered statistically significant. All statisti-
cal analyses were performed using SPSS Statistics (version
28.0.0.0 (190), IBM, Chicago, IL, USA).

3. Results

We identified 463 subjects diagnosed with biopsy-
proven or PYP-confirmed TTR cardiac amyloidosis. The
median age of the cohort was 74.5 years (IQR: 68.0, 80.0),
with 92.9% of the patients being male. Table | summarizes
the baseline characteristics, laboratory findings, and mor-
tality of the study population. Among the total cohort, 257
patients (55.5%) did not receive an ICD), while 206 patients
(44.5%) underwent ICD implantation.

3.1 Baseline Characteristics in TTR Cardiac Amyloidosis
Patients

The ICD-implanted group was significantly younger
than the non-ICD group, with a median age of 71.0 years
compared to 77.0 years (p = 0.001). The study popula-
tion was predominantly male (92.9%), and the gender dis-
tribution did not significantly differ between groups (p =
0.181). In terms of racial distribution, 88.1% of the co-
hort were White, 8.9% were Black/African American, and
1.7% identified as Other. Although the ICD group had a
slightly higher proportion of Black/African American pa-
tients (12.1% vs. 6.2%), this difference was not statistically
significant (p = 0.160).

Regarding cardiovascular risk factors, patients in the
ICD group had a significantly higher prevalence of HTN
(62.6% vs. 45.6%, p =0.001) and CKD (62.6% vs. 44.4%,
p = 0.001). The prevalence of DM was also higher in
the ICD group (30.1% vs. 21.8%, p = 0.043). Con-
versely, the prevalence of CAD (22.3% vs. 19.4%, p =
0.499), stroke/transient ischemic attack (10.7% vs. 11.5%,
p = 0.779), and prevalence of atrial fibrillation (70.9%
vs. 67.1%, p = 0.476) did not significantly differ between
groups.

In terms of cardiac function, the median left ventric-
ular ejection fraction was lower in the ICD groups (43%
vs. 54%, p = 0.007), while NT-proBNP levels were signif-
icantly higher in ICD recipients (2259.0 pg/mL vs. 1503.0
pg/mL, p=0.007), suggesting a greater burden of heart fail-
ure in this group.
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Table 1. The baseline characteristics, laboratory findings, and outcomes of the TTR cardiac amyloidosis population.

. Total No-ICD implanted ICD implanted
Characteristics p value
(N =463) (N =257) (N =206)

Age (years) 74.5 (68.0, 80.0) 77.0 (70.0, 81.0) 71.0 (66.0, 77.0) 0.001
Gender 0.181

Male 430 (92.9%) 235 (91.4%) 195 (94.7%)

Female 33 (7.1%) 22 (8.6%) 11 (5.3%)
Race 0.160

White 408 (88.1%) 233 (90.7%) 175 (85.0%)

Black/African American 41 (8.9%) 16 (6.2%) 25 (12.1%)

Other 8 (1.7%) 5(1.9%) 3 (1.5%)
Smoking 0.540

Never 258 (56.2%) 148 (58.0%) 110 (53.9%)

Current 6 (1.3%) 4 (1.6%) 2 (1.0%)

Former 195 (42.5%) 103 (40.4%) 92 (45.1%)
CAD 95 (20.7%) 49 (19.4%) 46 (22.3%) 0.499
DM 117 (25.5%) 55 (21.8%) 62 (30.1%) 0.043
HTN 244 (53.3%) 115 (45.6%) 129 (62.6%) 0.001
Stroke or TIA 51 (11.1%) 29 (11.5%) 22 (10.7%) 0.779
CKD 241 (52.6%) 112 (44.4%) 129 (62.6%) 0.001
Atrial fibrillation 315 (68.8%) 169 (67.1%) 146 (70.9%) 0.476
Cancer 125 (27.3%) 68 (27.0%) 57 (27.7%) 0.658
Left ventricular ejection fraction (%) 51 (39, 60) 55 (47, 62) 43 (34, 55) 0.001
NT-proBNP (pg/mL) 1784 (818.5,3832.5) 1503 (675.5,3573.5) 2259 (1059.5, 4823.3) 0.007
Troponin T (ng/L) 47 (28, 73) 44 (29, 67) 54 (25, 80) 0.102
Cardiac transplant 47 (10.2%) 6 (2.3%) 41 (19.9%) 0.001

Continuous variables are reported as median (inter-quartile range), and categorical variables as n (%). Abbreviations: CAD,

coronary artery disease; CKD, chronic kidney disease; DM, diabetes mellitus; HTN, hypertension; ICD, implantable cardioverter-

defibrillator; TIA, transient ischemic attack; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

3.2 Patients With ICDs

Among 206 patients who received an ICD, the major-
ity (157 patients, 76.2%) underwent implantation for pri-
mary prevention of sudden cardiac death, while 48 patients
(23.3%) received an ICD for secondary prevention.

As shown in Table 2, shock therapy was delivered
to 13.6% of ICD recipients, with a slightly higher rate in
the secondary prevention (14.6%) compared to the primary
prevention group (12.7%). Appropriate shock therapy oc-
curred in 10.6% of cases, with monomorphic ventricular
tachycardia (VT) being the most common arrhythmia re-
quiring intervention. Among patients receiving appropriate
shocks, 8.6% had VT, while 2% had ventricular fibrillation.
In patients who received appropriate shock therapy, 75%
achieved successful dangerous arrhythmia termination, as-
suming all missing cases were unsuccessful. The median
VT rate was 200 beats per minute (range 162-239 bpm).
Lastly, all documented causes of deaths were not attributed
to arrhythmia.

A small proportion of patients (1.5%) experienced
VT storm, requiring multiple ICD interventions within 24
hours. Inappropriate shocks occurred in 3% of all ICD re-
cipients, with 16% of those cases involving patients with a
single-chamber device. The primary cause of inappropriate

shocks in these patients was supraventricular arrhythmias
(2.5%) with a smaller proportion caused by oversensing or
undersensing (0.5%). No cases of device malfunction were
reported.

ICD complications occurred in 5.8% of cases, with
lead-related complications that includes lead erosion, im-
pingement, and malfunction making up 4.8% and general
infections accounting for 1%.

3.3 Survival Analysis and Mortality Predictors

We compared survival outcomes between patients
with TTR cardiac amyloidosis and a matched NICM cohort
who had ICDs (Fig. 1A). Table 3 illustrates the variables
used for matching. The median follow up of the matched
NICM cohort was 7.1 years (IQR: 4.6-8.8 years) and 6.8
years (IQR: 4.5-9.0 years) for the TTR cardiac amyloid
group. Over a 10-year follow-up period, survival differed
significantly (p = 0.034). NICM patients with [CDs exhib-
ited significantly better survival than TTR cardiac amyloi-
dosis patients.

When analyzing only patients with TTR cardiac amy-
loidosis, follow-up duration was 7.4 years (IQR: 5.3-9.2
years) for the non-ICD group and 6.8 years (IQR: 4.5-9.0
years) for the ICD group. There was no significant differ-
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Kaplan-Meier Estimates
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Fig. 1. Kaplan-Meier survival curves. (A) Survival from diagnosis to death in cardiac amyloidosis and NICM patients with ICDs. (B)
Survival from diagnosis in patients with cardiac amyloidosis, stratified by ICD implantation. (C) Subgroup analysis of ICD-treated TTR
cardiac amyloidosis patients stratified by EF >40% vs <40%. NICM, non-ischemic cardiomyopathy; CA, cardiac amyloidosis; TTR,
transthyretin; EF, ejection fraction.

&% IMR Press 5


https://www.imrpress.com

Table 2. Outcomes of implantable cardioverter-defibrillators in cardiac amyloidosis.

Implanted ICD Primary prevention due to HF ~ Secondary prevention
Outcomes
(N =206) (N=157) (N=48)
Shock Therapy 28 (13.6%) 20 (12.7%) 7 (14.6%)

Appropriate shock 22 (10.7%) 15 (9.5%) 6 (12.5%)
VF 4 (2%) 4 (2.5%) 0
VT 18 (8.7%) 11 (7%) 6 (12.5%)

VT rate (bpm) 200 (161.5,238.5)

Success therapy 18/24 (75%)

VT storm 3 (1.5%)

Inappropriate shock 6 (3%) 5(3.2%) 1 (2.1%)
Supraventricular source 5(2.5%) 4(2.5%) 1(2.1%)
Oversensing/under-sensing 1 (0.5%) 1 (0.6%) 0
Device malfunction 0

ICD complications 12 (5.8%)
Lead-related complications 10 (4.8%)
Infection 2 (1%)

Mortality secondary to EMD 1 (0.4%)

Continuous variables are reported as median (inter-quartile range), and categorical variables as n (%). Abbreviations:

EMD, electromechanical dissociation; HF, heart failure; VF, ventricular fibrillation; VT, ventricular tachycardia.

ence in survival between those who received an ICD and
those who did not (p = 0.74; Fig. 1B). The survival curves
for both TTR cardiac amyloidosis patient groups closely
paralleled each other, showing the minimal impact of ICD
therapy in this group. In a subgroup analysis of patients
with TTR cardiac amyloidosis who received an ICD, five-
year survival was not significantly different between those
with EF >40% and those with EF <40% (p=0.21; Fig. 1C).

A TTR-cardiac amyloid subgroup survival analysis
was done. Fig. 2A illustrates the survival comparison be-
tween patients with transthyretin cardiac amyloidosis (CA-
TTR) who received an ICD for primary prevention versus
those who received it for secondary prevention; no signifi-
cant difference in survival was observed between the groups
(p = 0.85). Fig. 2B compares survival in patients treated
with tafamidis versus those not on the medication, which
also did not reach statistical significance (p = 0.10).

In the TTR cardiac amyloidosis group, we identified
23 patients with the V122I variant, who had a median sur-
vival time of 1.87 years (IQR: 0.43-3.48). In contrast,
among 440 patients without the V122I variant, the median
survival was 3.24 years (IQR: 1.74-5.02). The statistically
significant difference (p = 0.007) suggests that the V1221
variant is associated with a shorter survival time within the
TTR cardiac amyloidosis population.

3.4 Mortality Predictors

Table 4 presents the Cox regression analysis identify-
ing key predictors of mortality in TTR cardiac amyloidosis.
Significant risk factors included older age (HR: 1.048 per
year, p=0.001), CKD (HR: 1.637, p = 0.029), elevated tro-
ponin T >50 ng/L (HR: 1.594, p =0.031), and NT-proBNP
>3000 pg/mL (HR: 1.514, p = 0.05). The strongest predic-

tor was reduced left ventricular ejection fraction (<40%),
nearly doubling mortality risk (HR: 1.935, p = 0.003).
Other factors analyzed in Table 4, including sex, CAD,
stroke and TIA, cancer, and ICD implantation did not sig-
nificantly affect mortality (p > 0.05).

4. Discussion

This study represents one of the largest cohorts of pa-
tients with TTR cardiac amyloidosis, with or without an
ICD. Patients with TTR cardiac amyloidosis who received
an ICD did not demonstrate a survival benefit compared to
those without an ICD and had significantly worse survival
than a matched cohort of patients with NICM and ICDs.
Subgroup analysis within the TTR cardiac amyloidosis pop-
ulation revealed no difference in mortality between patients
who received ICDs for primary versus secondary preven-
tion, nor between those treated with tafamidis versus not.
Notably, all documented deaths in the TTR cardiac amy-
loidosis cohort were non-arrhythmic in nature. Our study
highlights that CKD, elevated NT-proBNP, and advanced
age point to pump failure as the dominant mode of death.
Independent predictors of mortality included older age, re-
duced left ventricular ejection fraction, elevated troponin,
and NT-proBNP levels.

4.1 Baseline Characteristics in TTR Cardiac Amyloidosis
Patients

When comparing TTR cardiac amyloidosis patients
with ICD to those without ICD, the ICD group had a higher
prevalence of CKD, HTN, and T2DM. CKD was associ-
ated with a higher prevalence of heart failure (HF), which
was a leading cause of hospitalization and mortality in these
patients [9]. CKD patients were also at greater risk for ven-
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Fig. 2. Kaplan-Meier survival curves. (A) Survival from diagnosis to death in cardiac amyloidosis based on indication for ICD. (B)

Survival from diagnosis in patients with cardiac amyloidosis, stratified by tafamidis use in patients with an ICD.

tricular fibrillation, VT, and sudden cardiac death, which
accounts for 25-29% of all-cause mortality in hemodialy-
sis patients [10]. Additionally, HTN increases the risk of
HF and ventricular arrhythmias. HTN also contributes to
left ventricular thickening and remodeling, which can pre-
dispose to these complications [11]. Similarly, DM type 2
and obesity both raise the risk of HF, with sudden cardiac
death being 3-8 times more common in diabetes patients
[12,13]. In our study, NT-proBNP levels were higher in the
TTR cardiac amyloidosis group with ICD, as elevated NT-
proBNP is often associated with worse clinical status and
decompensated HF [14]. These findings may explain the
observed differences when comparing TTR cardiac amy-
loidosis patients with and without ICDs. The significant
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variables increase the risk of HF and ventricular arrhyth-
mias, leading to a higher likelihood of ICD implantation for
primary and secondary prevention. Additionally, this may
be explained by the more extensive disease in ICD patients
due to multi-organ involvement and failure [15].

4.2 Shocks and Mortality Outcomes

Shock therapy was delivered to 28 (13.6%) of ICD re-
cipients. Importantly, appropriate shock therapy occurred
in 22 (10.6%) of cases, with monomorphic VT being the
most common arrhythmia requiring intervention. The ICD
complication rate in our cohort was 5.8%, which aligns with
prior reports in cardiac amyloidosis patients, including rates
of 5.7%—7.2% in recent studies [16,17]. This should be
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Table 3. Baseline Characteristics of the overall and matched cohort with a comparison between patients receiving ICD for

Cardiac amyloidosis and nonischemic cardiomyopathy.

Before 1:4 propensity score matching

After 1:4 propensity score matching

Characteristics

CA+ICD  NICM +1CD CA+ICD  NICM +ICD
SMD SMD

(N =206) (N = 5462) (N = 184) (N = 654)
Age (at diagnosis),y ~ 71.5(66,77)  64(54,73)  0.876  71(65,77) 72 (64,79) ~0.089
Male sex 195 (94.7%) 3797 (69.2%) 1334 176 (95.7%) 627 (95.9%) ~0.027
HTN 129 (62.6%)  3851(70.2%) —0.157 117 (63.6%) 426 (65.1%) ~0.025
DM 62(30.1%) 2401 (43.8%) -0.301 57 (31.0%) 216 (33.0%) ~0.022
Stroke/TIA 22(10.7%)  878(16.0%) -0.144 21 (11.4%)  71(10.9%) 0.012
DVT/PE 15(5.8%)  682(124%) -0.175 15 (8.2%) 55 (8.4%) 0.000
CKD 129 (62.6%) 3414 (62.2%)  0.039 117 (63.6%) 427 (65.3%) ~0.060
Atrial fibrillation 146 (70.9%) 3698 (67.4%)  0.100 131 (71.2%) 489 (74.8%) ~0.074
Cancer 57(27.7%) 1792 (32.7%) —0.080  54(29.3%) 196 (30.0%) 0.005
CAD 46 (22.3%) 1848 (33.7%) 0261 43 (23.4%) 161 (24.6%) -0.013
EF (%) 43(34,55)  26(17,37)  1.102  42(34,52)  41(30,50) 0.045

Abbreviations: SMD, standardized mean difference; DVT, deep vein thrombosis; PE, pulmonary embolism.

*Continuous variables were reported as median (IQR) or mean + SD, categorical variables were reported as N (%).

Table 4. Predictors of mortality in patients with TTR cardiac amyloidosis (Cox regression analysis).

Variable Hazard Ratio (95% CI)  p value
Age 1.048 (1.021-1.076) 0.001
Sex 0.552 (0.235-1.297) 0.173
History of CAD 1.051 (0.654-1.687) 0.837
Stroke or TTIA 1.174 (0.662-2.085) 0.583
CKD 1.637 (1.052-2.550) 0.029
Cancer 1.178 (0.772-1.797) 0.448
Troponin >50 ng/L 1.594 (1.046-2.429) 0.031
Pro-BNP >3000 pg/mL 1.514 (1.091-2.304) 0.050
Ejection Fraction <40% 1.935 (1.251-2.994) 0.003
ICD Implantation 0.932 (0.591-1.470) 0.763

put into perspective when evaluating the overall utility of
ICD therapy in this population. Notably among the patients
with available data, all patients who received VT-directed
shock therapy achieved successful termination, demonstrat-
ing that ICD shocks are effective in this patient population.
This contrasts with a prior study suggesting that ICDs may
not significantly improve outcomes in cardiac amyloidosis
due to the high rate of electromechanical dissociation [18].
However, a prior study reported a high success rate of 80%
for ICD shocks in these patients [ 1 7]. Despite this high suc-
cess rate for ICD shocks, survival outcomes for TTR car-
diac amyloidosis patients, regardless of ICD presence, were
worse compared to other NICM, suggesting that death in
these cardiac amyloidosis patients may be primarily due to
non-arrhythmic causes. Even within the TTR cardiac amy-
loidosis group there was no difference in the survival out-
come from ICD, and that finding aligns with previous stud-
ies that failed to show clear mortality benefit by the pres-
ence of an ICD [19]. Additionally, our cohort demonstrated
no difference in survival among TTR cardiac amyloidosis

patients based on ICD indication or tafamidis use. These
findings reinforce that ICD therapy offers limited survival
benefit in this population, as even a history of ventricu-
lar arrhythmia did not improve mortality outcomes. While
tafamidis is well-established as a disease-modifying ther-
apy that slows progression and improves survival in TTR
cardiac amyloidosis, its use did not translate into improved
survival among patients already selected for ICD therapy
[20]. This suggests that both device therapy and pharma-
cologic treatment may have limited impact once advanced
cardiac dysfunction is established.

4.3 Mortality Predictors

Several factors have been identified in our study as
predictors of mortality in TTR cardiac amyloidosis patients,
including older age, CKD, elevated troponin T (>50 ng/L),
NT-proBNP >3000 pg/mL, and a reduced ejection frac-
tion (<40%). These findings are consistent with previ-
ous studies. One study demonstrated that older age (above
80 years), elevated NT-proBNP (greater than 4200 pg/mL),
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and elevated cardiac troponin (greater than 92 ng/L) were
independent prognostic factors [21]. The combination of
these variables identified standard- and high-risk patients
(all above the cutoff levels) with median survival of 57 and
17 months, respectively [17]. Another study showed that
older age, higher NYHA functional class, and elevated BNP
levels were significant mortality predictors [22].

Our study highlighted differences in baseline charac-
teristics between TTR cardiac amyloidosis patients with
ICDs versus those without ICDs. Many implants occur too
late in the disease course, so older patients with ICDs were
more likely to have comorbidities like CKD and higher Pro-
BNP levels at presentation, suggesting a worse prognosis.
Although these patients experienced shocks, primarily for
ventricular tachycardia, with a (75%—-100%) success rate
based on available data, mortality did not decrease in this
group, highlighting ICD therapy does not improve pump
function. The reduced left ventricular ejection fraction,
which was the strongest predictor of mortality, nearly dou-
bled the risk for death in these patients. Put together with
prior studies, the findings suggest that the mode of death
is related to disease progression resulting in pump failure
[19,23].

5. Limitations

This study has several limitations. First, its retrospec-
tive design across three sites of a quaternary referral institu-
tion may limit generalizability. Heterogeneity is inherent in
a retrospective design. As an observational study, it is sub-
ject to selection bias, and randomized controlled trials are
needed for more robust comparisons between transthyretin
cardiac amyloidosis (TTR-CA) patients with and without
ICDs. Use of ICD-10 codes may have led to under- or over-
reporting, though this was mitigated by thorough database
review. Temporal bias remains an issue and it is unclear
if amyloid patients from the earlier part of the cohort had
more severe disease at the time of diagnosis.

ICD technology evolved over the two-decade study
period, including waveform and algorithm improvements,
which may have affected shock efficacy. Tafamidis ex-
posure was inconsistent due to its recent approval, and
inverse-probability weighting was not applied to address
selection bias for ICD implantation. Although all docu-
mented deaths were not attributed to arrhythmia, most pa-
tients did not have a documented cause of death. Patients
with missing biomarker data were included in analyses.
Nuclear imaging techniques such as technetium-99m PYP
scans were not routinely performed in earlier years. In such
cases, diagnosis was based on available contemporary stan-
dards, including clinical criteria, echocardiographic fea-
tures, cardiac magnetic resonance imaging (MRI) findings,
biopsy results, and genetic testing when applicable. Tempo-
ral trends in diagnostic approaches were acknowledged as a
study limitation and were reviewed during data abstraction
to ensure consistent application of inclusion criteria across
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the time frame. Limited access to genetic testing and un-
stratified CKD severity may also have influenced the find-
ings.

6. Conclusions

In conclusion, our study highlights the lack of survival
benefit of ICD implantation in patients with TTR cardiac
amyloidosis despite a high rate of successful termination of
ventricular arrhythmia. Key predictors of mortality include
reduced ejection fraction and elevated biomarkers. These
findings suggest that current ICD implantation practices
may not confer an overall survival advantage, particularly
in older patients with impaired pump function, where the
overall benefit may be limited. Further prospective studies
are needed to better understand the role of ICD in TTR car-
diac amyloidosis patients and to improve treatment strate-
gies for this patient population.
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