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Aims Atrial fibrillation (AF) in patients with cardiac amyloidosis (CA) has been linked with a worse prognosis. The current study
aimed to determine the outcomes of AF catheter ablation in patients with CA.

Methods The Nationwide Readmissions Database (2015-2019) was used to identify patients with AF and concomitant heart failure.
and results Among these, patients who underwent catheter ablation were classified into two groups, patients with and without CA. The
adjusted odds ratio (aOR) of index admission and 30-day readmission outcomes was calculated using a propensity score
matching (PSM) analysis. A total of 148 134 patients with AF undergoing catheter ablation were identified on crude analysis.
Using PSM analysis, 616 patients (293 CA-AF, 323 non-CA-AF) were selected based on a balanced distribution of baseline
comorbidities. At index admission, AF ablation in patients with CA was associated with significantly higher adjusted odds of
net adverse clinical events (NACE) [adjusted odds ratio (aOR) 4.21, 95% CI 1.7-5.20], in-hospital mortality (aOR 9.03,
95% Cl 1.12-72.70), and pericardial effusion (aOR 3.30, 95% Cl 1.57—6.93) compared with non-CA-AF. There was no sig-
nificant difference in the odds of stroke, cardiac tamponade, and major bleeding between the two groups. At 30-day re-
admission, the incidence of NACE and mortality remained high in patients undergoing AF ablation in CA.

Conclusion Compared with non-CA, AF ablation in CA patients is associated with relatively higher in-hospital all-cause mortality and net
adverse events both at index admission and up to 30-day follow-up.
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Graphical Abstract

Central lllustration: Propensity Matched Outcomes at Index Admission of Atrial Fibrillation Catheter
Ablation in Patients with Cardiac Amyloidosis: NRD (2015-2019)
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Introduction

The current prevalence of known atrial fibrillation (AF) in the USA is
~5.2 million, estimated to rise to 12.1 million by 2030." Atrial fibrillation
is the most commonly encountered arrhythmia (in ~70% of patients)
with cardiac amyloidosis (CA).% This association has important clinical
implications. Atrial fibrillation-related loss of atrial contribution to an al-
ready thickened and dysfunctional left ventricle is often poorly toler-
ated, which not only results in profound clinical deterioration but
also leads to recurrent hospitalizations.> Atrial fibrillation in patients
with CA is associated with a significant risk of intracardiac thrombi
and stroke regardless of the CHA2DS2VASc score.* Moreover, CA pa-
tients with AF are often highly symptomatic and thus require individua-
lized and expedited management.

However, given the complex interplay of AF and CA, the usual thera-
peutic options for AF management may not be as efficacious in these
patients. Cardiac amyloidosis-associated atrial dilatation exponentially
increases the risk of atrial thrombus, systemic embolism, and ischaemic
strokes, which often interferes with the use of rhythm control strat-
egies.® Similarly, the commonly used tachyarrhythmia medications
such as digoxin, calcium channel blockers, and beta-blockers can lead
to clinical and haemodynamic decompensation, adding further com-
plexity to the management of AF. These considerations may make de-
finitive management options (such as pulmonary vein isolation by
radiofrequency or cryotherapy catheter ablation) more attractive.
However, evidence on the safety and efficacy of catheter ablation in
CA is also disputed and limited to small, underpowered single-centre
studies.®” To date, there has been no large-scale study to assess out-
comes of AF catheter ablation in patients with HF with and without

CA. Providers are often left to expert consensus and clinical experience
to aid in decision-making.

Methods

Data source

Data were obtained from the Nationwide Readmissions Database (NRD),
part of the Healthcare Cost and Ultilization Project (HCUP). It was estab-
lished by the federal-state—industry partnership and monitored by the
Agency for Healthcare Research and Quality. The NRD is an all-payer data-
base with more than 15 million discharge data points from 22 states of the
USA. The unweighted data of NRD account for 49% and 51% of the total
US hospitalizations and population, respectively. The NRD contains unique
identification codes that can link patients across the same year, allowing us
to capture readmission. Data are anonymized and hence exempted from
the approval of the Institutional Review Board (IRB).

Study design and population

Using the International Classification of Diseases-10th Revision-Clinical
Modification (ICD-10-CM) codes, all hospitalizations for catheter ablation
for AF were identified between September 2015 and November 2019
(see Supplementary material online, Table S7). Of these, only patients
with an admitting diagnosis of HF were isolated each year. Consistent
with published literature, secondary diagnoses for CA were identified
(CA-AF) and compared with patients with HF without associated amyloid-
osis (non-CA-AF). As data are annualized, hospitalizations in December
from each year were excluded to enable 30-day outcomes for each index
admission. The catheter ablation hospitalizations of patients with CA-AF
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Figure 1 Propensity score matching analysis of 30-day readmission sample showing the standardized mean differences of major comorbidities show-
ing no deviation beyond the allowable threshold (SMD 0.1 and KSS 0.05) (DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; HIV,
human immunodeficiency virus; RA, rheumatoid arthritis; HTN, hypertension; MI, myocardial infarction).

were compared with a matched sample of patients undergoing catheter ab-
lation for non-CA-AF.

Study outcomes

The primary outcome was net adverse clinical events (NACE), a composite
of in-hospital all-cause mortality, major bleeding, and stroke. Secondary out-
comes included components of NACE, pericardial effusion, cardiac tam-
ponade, length of stay, and adjusted cost of hospitalization at both index
admission and 30-day readmission (see Supplementary material online,
Table S2).

Statistical methods

Demographics, hospital characteristics, comorbidities, and outcomes across
the comparison cohorts (CA-AF and non-CA-AF) were displayed as pro-
portions for categorical data and as mean with standard deviation (SD)
and median with interquartile ranges (IQR) for scale variables. The variables
used in matching included age, sex, major comorbidities, and all components
of the Charlson comorbidity index (CCl) (except HF, which was the primary
inclusion criteria for both comparison groups). The estimates of CCl were
obtained using the proposed coding scheme by Deyo et al.® Two propensity
score matching (PSM) analyses were obtained, one for the hospitalizations at
the time of index catheter ablation procedure (index admission) and the
other at 30-day follow-up of the same cohort (30-day readmission)
(Figure 1 and see Supplementary material online, Figure ST). A one/many
near neighbour strategy with an allowable threshold of 0.1 absolute

standardized mean difference (SMD) and 0.05 Kolmogorov—Smirnov
Statistic (KSS) was adopted without replacement.

The unadjusted odds ratio (OR) with a 95% confidence interval (Cl) for the
overall sample was calculated using the Cochran—-Mantel-Haenszel test.
Adjusted association between the secondary diagnosis of CA among AF ab-
lation groups and the clinical outcomes was assessed using multivariable logis-
tic (categorical outcomes) and linear (continuous) regression models. The
models were adjusted for varying hospital teaching status, the severity of ill-
ness, risk of mortality, and primary payer. Scale outcomes were compared
using the independent t-test analysis of the mean and SD for normally distrib-
uted data and Wilcoxon—-Mann—Whitney measures of the median and IQR
for the non-normally distributed data. To estimate hospital cost (total ex-
pense for hospital services), the NRD-provided ‘cost-to-charge ratio’ variable
was multiplied by the total inpatient charges (the total billed amount by the
participating hospital) and was adjusted for inflation wages of January 2020
using the Bureau of Labor Statistics Consumer Price Index (adjusted cost).

The 30-day readmission was further classified as cardiovascular (CV) and
non-CV readmissions for both comparison groups. Cardiovascular readmis-
sions included acute HF exacerbation, ischaemic heart disease, and stroke.
The non-CV readmission primarily focused on complications or systemic
manifestations of amyloidosis, such as acute kidney injury (AKI), bleeding,
hypertensive crises, sepsis, and other causes. Cumulative incidence function
and log-rank test were used to compare the rate and timing of 30-day re-
admission between CA-AF and non-CA-AF groups. A P-value interaction
analysis was performed to assess the impact of the teaching status of the hos-
pital on index mortality across both groups. The alpha error threshold was
set at a P-value <0.05. All analyses were performed using R 3.02 and SPSS 27.
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Table1 Unadjusted and propensity-matched demographic and baseline characteristics of study population undergoing

ablation
Crude analysis Propensity score matching analysis
CA-AF (293) Non-CA-AF (147 841) CA-AF (293) Non-CA-AF (323)

Sex

Male 201 (68.5%) 90 304 (61.1%) 201 (68.5%) 237 (73.4%)
Female 92 (31.5%) 57 537 (38.9%) 92 (31.5%) 86 (26.6%)
Admission day

Weekday 267 (91.3%) 127 593 (86.3%) 267 (91.3%) 261 (81.0%)
Weekend 25 (8.7%) 20248 (13.7%) 25 (8.7%) 61 (19.0%)
Admission type

Elective 224 (77.1%) 88 604 (60.1%) 224 (77.1%) 206 (64.1%)
Emergent 67 (22.9%) 58818 (39.9%) 67 (22.9%) 115 (35.9%)
Teaching status

Metropolitan non-teaching 24 (8.2%) 19098 (12.9%) 24 (8.2%) 32 (10.0%)
Metropolitan teaching 265 (90.5%) 125767 (85.1%) 265 (90.5%) 283 (87.5%)
Non-metropolitan hospital <11 2976 (2.0%) <11 <11

Area

Large metropolitan area 225 (76.9%) 94830 (64.1%) 225 (76.9%) 185 (57.2%)
Small metropolitan area 64 (21.9%) 50035 (33.8%) 64 (21.9%) 130 (40.3%)
Micropolitan areas <1 2934 (2.0%) <N <11

Payer

Medicare 241 (82.5%) 97 989 (66.3%) 241 (82.5%) 266 (82.4%)
Medicaid 13 (4.5%) 8037 (5.4%) 13 (4.5%) 11 (3.3%)
Private insurance 31 (10.8%) 36 365 (24.6%) 31 (10.8%) 39 (12.2%)
Self-pay <11 1656 (1.1%) <11 <"

No charge <11 339 (0.2%) <11 <1

Other <M1 3356 (2.3%) <11 <11
Location

‘Central’ counties of metro areas of > 1 million population 92 (31.3%) 36057 (24.4%) 92 (31.3%) 69 (21.3%)
‘Fringe’ counties of metro areas of > 1 million population 115 (39.4%) 44920 (30.4%) 115 (39.4%) 93 (28.8%)
Counties in metro areas of 250 000-999 999 population 51 (17.3%) 32734 (22.2%) 51 (17.3%) 68 (21.1%)
Counties in metro areas of 50 000-249 999 population <11 13181 (8.9%) <11 51 (15.9%)
Micropolitan counties <11 11181 (7.6%) <11 21 (6.7%)
Not metropolitan or micropolitan counties 15 (5.1%) 9504 (6.4%) 15 (5.1%) 20 (6.2%)
Risk of mortality

Minor likelihood of dying <11 44455 (30.1%) <11 49 (15.2%)
Moderate likelihood of dying 66 (22.5%) 44185 (29.9%) 66 (22.5%) 90 (27.7%)
Major likelihood of dying 144 (49.2%) 42752 (28.9%) 144 (49.2%) 136 (42.3%)
Extreme likelihood of dying 74 (25.2%) 16449 (11.1%) 74 (25.2%) 48 (14.8%)
Severity class

Minor LOF <! 33833 (22.9%) <" 35 (10.8%)
Moderate LOF 61 (20.7%) 55654 (37.6%) 61 (20.7%) 107 (33.1%)
Major LOF 161 (55.1%) 42793 (28.9%) 161 (55.1%) 134 (41.4%)
Extreme LOF 66 (22.6%) 15561 (10.5%) 66 (22.6%) 48 (14.8%)

LOF, loss of function

Results

Selection of cases

A total of 19 218 224 AF hospitalizations between September 2015
and November 2019 were identified. Of these, 9 333 137 patients

had a diagnosis of HF, and 42 150 patients had a secondary diagnosis
of CA. A total of 148134 patients of the initial AF group who
underwent ablation were selected after excluding hospitalizations
in December of each study year. Of these, 147 841 had HF without
CA, and 293 patients had HF with CA. A PSM sample of 616
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Table 2 Unadjusted and propensity-matched baseline comorbidities of study population undergoing ablation

Crude analysis Propensity score matching analysis
CA-AF (292) Non-CA-AF (147 841) CA-AF (292) Non-CA-AF (323)

Coagulopathy 45 (15.3%) 9539 (6.5%) 45 (15.3%) 33 (10.1%)
COPD 52 (17.7%) 38428 (26.0%) 52 (17.7%) 78 (24.2%)
Iron deficiency Anaemia 8 (6.1%) 4809 (3.3%) 18 (6.1%) 21 (6.7%)
Depression 19 (6.4%) 13835 (9.4%) 19 (6.4%) 8 (2.4%)
Diabetes mellitus 4 (8.1%) 23237 (15.7%) 24 (8.1%) 27 (8.4%)
Drug use <11 2882 (1.9%) <11 7 (2.2%)
Electrolyte abnormalities 122 (41.8%) 34680 (23.5%) 122 (41.8%) 147 (45.5%)
Hypertension 233 (79.5%) 116731 (79.0%) 233 (79.5%) 261 (80.8%)
Hypothyroidism 58 (19.8%) 25127 (17.0%) 58 (19.8%) 9 (18.2%)
Liver disease 2 (3.9%) 5228 (3.5%) 2 (3.9%) 8 (2.4%)
Metastatic cancer <11 912 (0.6%) <11 2 (0.6%)
Neurologic disorder <1 4249 (2.9%) <1 7 (21%)
Obesity 21 (7.1%) 37248 (25.2%) 21 (7.1%) 25 (7.7%)
Paralysis <11 895 (0.6%) <11 2 (0.6%)
Peripheral vascular disease 22 (7.4%) 10333 (7.0%) 22 (7.4%) 3 (4.1%)
Peptic ulcer disease 62 (21.1%) 15747 (10.7%) 62 (21.1%) 6 (17.4%)
Renal failure 169 (57.7%) 35201 (23.8%) 169 (57.7%) 189 (58 6%)
Rheumatoid arthritis 21 (7.1%) 4614 (3.1%) 21 (7.1%) 3 (41%)
Solid cancer 18 (6.1%) 2835 (1.9%) 8 (6.1%) 0 (3.1%)
Weight loss 31 (10.6%) 4546 (3.1%) 31 (10.6%) 20 (6.2%)
Myocardial infarction 13 (4.6%) 5162 (3.5%) 3 (4.6%) 1 (3.4%)
Prior CABG <11 14199 (9.6%) <1 2 (3.7%)
Prior MI 29 (10.1%) 16208 (11.0%) 29 (10.1%) 40 (12.3%)
Dementia <11 4471 (3.0%) <11 <N

COPD, chronic obstructive pulmonary disease; CABG, coronary artery bypass grafting; MI, myocardial infarction.
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Figure 2 Baseline characteristics of propensity-matched sample at index admission CA-AF vs. non-CA-AF ablation groups (HTN, hypertension;
COPD, chronic obstructive sleep apnea; PUD, peptic ulcer disease; MI, myocardial infarction; DM, diabetes mellitus; PVD, peripheral vascular disease;
RA, rheumatoid arthritis).
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Table 3 Proportion of major outcomes on index admission and 30-day readmission in patients who underwent ablation

in CA-AF vs. non-CA-AF

Crude index admission

PSM index admission PSM 30-day readmission

Odds ratio P-value Odds ratio P-value Odds ratio P-value
NACE 2.28 (1.54-3.39) <0.0001 4.21 (1.7-5.20) <0.0001 2.38 (1.01-5.71) 0.02
Mortality 2.52 (1.24-5.10) 0.017 9.03 (1.12-72.70) <0.0001 428 (1.15-15.9) 0.04
Major bleeding 2.39 (1.34-4.27) 0.005 2.71 (0.94-7.80) 0.09 0.89 (0.19-4.09) 0.81
Stroke 1.76 (0.56-5.52) 0.54 1.78 (0.52-6.02) 0.55 1.59 (0.48-6.52) 0.85
Pericardial effusion 1.93 (1.31-2.85) 0.001 3.30 (1.57-6.93) 0.002 1.72 (0.53-5.58) 0.53
NACE, net adverse clinical events (a composite of in-hospital all-cause mortality, major bleeding, and stroke)

Outcomes CA-AF No-CA AF . Estimate

Total Sample Size 292 147841 .

Crude Index Admission :

NACE 5072 (3.43%) 23 (7.84%) | —— 2.3(1.5-3.4)

Mortality 1625 (1.10%) 8 (2.60%) ——— 2.5(1.2-5.1)

Major Bleeding 2587 (1.70%) 12 (4.10%) | ——— 2.4(1.3-4.3)

Stroke 860 (0.60%) 3 (0.90%) e 1.8 (0.6-5.5)

Pericardial Effusion 7655 (5.20%) 28 (9.50%) | —— 1.9 (1.3-2.8)

Cardiac Tamponade 1964 (1.30%) 7 (2.30%) e 1.8 (0.8-3.8)

Propensity Index Admission .

NACE 6 (1.85%) 23 (7.84%) : s 4.2 (1.7-7.2)

Mortality 1(0.4%) 8 (2.6%) ' o—» 9.0 (1.1-72.7)

Major Bleeding 5 (1.4%) 12 (4.1%) : & 2.7 (0.9-7.8)

Stroke 0 (0.0%) 3 (0.9%) e 1.8 (0.5-6.0)

Pericardial Effusion 10 (3.0%) 28 (9.5%) P & 3.3(1.6-6.9)

Cardiac Tamponade 2 (0.5%) 7 (2.3%) H ° » 3.9 (0.8-19.1)

30-Day Readmission :

Readmission 44 412/147 841 (30%) 120/293 (40%) e 1.4 (1.2-1.6)

NACE 7 (4.89%) 14 (11.6%) :_.—4 2.4(1.0-5.7)

Mortality 3 (2.2%) 10 (8.5%) E ® 4.3 (1.1-15.9)

Major Bleeding 4 (3.0%) 3(2.8%) e 0.9 (0.2-4.1)

Stroke 0 (0.0%) 1(1.2%) —e 1.6 (0.5-6.5)

Pericardial Effusion 5 (3.8%) 7 (6.0%) LS 1.7 (0.5-5.6)

0510 2.0 40 6.0 8.0 10.0

- -
Favours CA-AF Favours No-CA AF

Figure 3 Forest plot showing the odds of index admission and 30-day readmission rate in CA-AF vs. non-CA-AF. The dotted line presents the null
line (OR = 1), the horizontal line indicates the 95% confidence interval, and the solid circle indicates the point estimates.

patients (293 CA-AF and non-CA 323) was selected for adjusted
analysis.

Baseline characteristics

Baseline demographics, hospital characteristics, and comorbidities of all
AF ablation hospitalizations stratified by the secondary diagnosis of CA
are described in Tables 1 and 2. On crude analysis, the CA-AF group had
a lower percentage of emergent (22.9% vs. 39.9%) admissions

compared with the non-CA-AF group. The non-CA-AF patients
were less likely to be supported by Medicare (66.3% vs. 82.5%) and
more likely to belong to micropolitan counties than their CA-AF coun-
terparts. The proportion of major components of the CCl was signifi-
cantly higher among the CA-AF vs. non-CA-AF group, including
coagulopathy (15.3% vs. 6.5%), peptic ulcer disease (21.1% vs. 10.7%),
renal failure (57.7% vs. 23.8%), rheumatoid arthritis (7.1% vs. 3.1%),
and solid organ cancer (6.1% vs. 1.9%).
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Strata — Catheter Ablation in CA-AF — Catheter Ablation in Non-CA-AF
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Figure 4 Kaplan—Meier estimates of cumulative 30-day readmission rate for the overall cohort (without PSM) shows a significantly lower readmission
rate in patients undergoing ablation in the non-CA-AF group compared with the CA-AF group.

Readmissions in CA-AF

2.8% 5.3%
2.8%

Cardiovascular Causes

Bl Acute Heart Failure Exacerbation
Bl [schaemic Heart Disease
Bl Cerebrovascular Accident

Non-Cardiovascular Causes

(3 Acute Kidney Injury

Bl Major Bleeding

Bl Hypertensive Crises

Bl Sepsis or Infections
8% Bl Other

1.2%

37.1%

8.5%
Total=100

Figure 5 Causes of 30-day readmission in patients who underwent ablation for CA-AF.

After matching, a balanced group of non-CA-AF populations was se- patients (31.5% vs. 26.6%), Medicare payer (82.5% vs. 82.4%), and
lected for adjusted analysis. Among CA-AF vs. non-CA-AF, baseline metropolitan teaching hospital admissions (90.5% vs. 87.5%). CA-AF pa-
characteristics were comparable, including the proportion of female tients more commonly had ‘extreme likelihood of mortality’ (25.2% vs.
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14.8%) and ‘severe loss of function’ (22.6% vs. 14.8%). The components
of CCl and other major baseline comorbidities were not significantly dif-
ferent between the two matched groups (Figure 2).

Crude analysis of the overall population

In the entire unmatched cohort, the odds of NACE, mortality, pericar-
dial effusion, and major bleeding were significantly higher in patients
with (vs. without) CA-AF undergoing ablation. The odds of ischaemic
stroke and cardiac tamponade were not significantly different between
the two groups (Table 3). CA-AF ablation group had a higher mean
length of stay and greater adjusted cost of hospitalization (see
Supplementary material online, Table S3).

Propensity score matching analysis at
index admission

The PSM cohort mirrored the findings of the unadjusted analysis
(Figure 3, Central lllustration). At index admission of ablation, there
were 7.8% inpatient NACE and 2.6% in-hospital deaths in the CA-AF
group compared with 1.85% NACE and 0.4% deaths in patients with
no CA. In adjusted analysis, CA-AF (vs. without CA-AF) was significant-
ly associated with a higher likelihood of NACE (aOR 4.21, 95% CI 1.7—
5.20) and all-cause inpatient mortality (aOR 9.03, 95% CI 1.12-72.7).
Similarly, the adjusted odds of pericardial effusion in CA-AF (9.5%)
were significantly higher than in non-CA-AF (3.0%) patients (aOR
3.30, 95% Cl 1.57-6.93). There was no significant difference in the
risk of stroke (aOR 1.78, 95% Cl 0.52-6.02) and cardiac tamponade
(aOR 3.92, 95% Cl 0.810-19.06) between the two groups (Table 3).
The post-ablation mean length of hospital stay in days (11.5+17 vs.
6.8+ 6.3, P <0.0001) and adjusted cost of hospitalization ($62 600 +
53006 vs. $32774 + 17199, P < 0.0001) were also significantly higher
among the CA-AF patients compared with non-CA-AF (see
Supplementary material online, Table S4).

Propensity score matching analysis at
30-day readmission

Thirty-day readmission was also higher following AF ablation hospital-
ization with (vs. without) secondary diagnosis of CA (40% vs. 30%; OR
1.36, 95% Cl 1.18-1.56, P = 0.02) using the PSM analysis. Contrary to
the index admission, there was no difference in the risk of pericardial
effusion (@OR 1.72, 95% Cl 0.53-5.58) between the CA-AF and
non-CA-AF patients. The incidence of 30-day NACE (aOR 2.38, 95%
Cl 1.01-5.71) and mortality (aOR 4.28, 95% CI 1.15-15.9) remained
higher among patients with CA-AF ablation group compared with
non-CA-AF. The risk of stroke remained similar irrespective of follow-
up (Figure 3).

Causes of readmission

The higher overall readmission rate in the CA-AF group was largely dri-
ven by differences in readmissions after 7 days of discharge from index
ablation (log-rank test, P =0.002) (Figure 4). The overall readmission
events related to CV vs. non-CV-related causes in the CA-AF were
(43% and 57%, respectively). Among the non-CA-AF group, the rates
of CV-related (30.9%) readmissions were significantly lower than the
non-CV causes (69.1%, P<0.0001). The largest contributor to
CV-related re-hospitalization was acute HF exacerbation (38.5% in
CA-AF vs. 30.0% in non-CA-AF, P = 0.02), followed by acute kidney in-
jury (37% in both groups, P =0.98) (Figures 5 and see Supplementary
material online, Figure S2).

Interaction analysis based on the teaching

status of hospital

The association between in-hospital mortality at index admission in pa-
tients with CA (vs. without CA) was not modified by the hospital’s
teaching status (P-interaction = 0.723) (see Supplementary material
online, Figure S3 and Table S5).

Discussion

In the current study, we report the largest evidence on the estimated
prevalence of CA, CA-related AF, and outcomes of catheter ablation
in CA-AF. Overall, our findings suggest that after matching for compo-
nents of a well-validated comorbidity index (CCI), CA-AF patients
undergoing ablation were associated with a higher risk of net adverse
clinical events and all-cause mortality at index admission and 30-day re-
admission. CA-AF patients were also associated with a higher rate of
healthcare resource utilization, as indicated by increased
inflation-adjusted mean hospitalization cost and mean length of hospital
stay. The 30-day readmission rate in the CA-AF group was also higher
by 1.36 times compared with the non-CA-AF ablation group, primarily
driven by cardiovascular causes, most notably acute HF exacerbations.
The greatest risk of readmission was after the first week of discharge
from the index ablation admission. The risk of stroke was similar in
both groups.

Prior literature on catheter ablation in patients with AF and CA has
discrepant results, primarily because of their small sample size and re-
porting of heterogeneous unadjusted outcomes from single-centre
studies.*”” Barbhaiya et al. were the first to write their experience of
18 CA patients, among which seven patients with atrial tachycardia
(AT) or AF who underwent left atrial (LA) ablation. The CA-AF cohort
had a larger low-voltage left atrial area, a higher number of inducible at-
rial tachyarrhythmia, and a greater 1-year recurrence rate of AT/AF
(83%) compared with an age- and sex-matched control of the
non-CA-AF group (14%).> By contrast, Black-Maier and Tan et al. (13
patients each) reported 40% and 75% recurrence-free survival in the
CA-AT/AF cohort at 1 year, respectively. ° Taken together, these
studies were underpowered and non-specific due to their small sample
sizes and inclusion of patients with all types of atrial arrhythmias rather
than CA-AF only. Recently, the study by Donnellan et al. was the largest
and most comprehensive analysis of patients with CA-AF. A total of 72
patients with CA-AF were included, of whom 24 had catheter ablation
compared with 48 medically treated patients.'® On a 2:1 matched ana-
lysis, the ablation group (vs. medical group) had a significantly lower in-
cidence of mortality (29% vs. 75%) and re-hospitalization, while both
groups had an equal stroke rate. The overall 3-year AF recurrence
rate was found to be 58%.” However, the generalization of these find-
ings was also limited, as only patients with transthyretin cardiac amyl-
oidosis (ATTR-CA) were included, and the greatest benefits were
obtained in patients with stages | and Il ATTR-CA. Moreover, the com-
parison group was a medically treated cohort rather than a matched
cohort of non-CA patients. By contrast, we are reporting a wide range
of adjusted outcomes in the largest available population of all types of
CA-associated HF.

Mechanistically, the higher incidence of AF in CA could be explained
by the disruption of the typical interatrial conduction system either
through direct infiltration of insoluble amyloid fibrils within the atrial tis-
sue or indirectly through the promotion of atrial fibrosis."" Moreover,
CA-associated left ventricular (LV) diastolic dysfunction and higher LV
filling pressures increase the risk of LA dilatation, which can serve as a
substrate for AF. Prolonged atrioventricular conduction times from in-
volvement of the conduction system can result in diastolic regurgitation
across the atrioventricular valves and adversely affect atrial filling pres-
sure, further contributing to AF. The impaired LV relaxation, coupled
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with the loss of the late diastolic atrial component of the LV filling (due
to AF), makes these patients exquisitely prone to haemodynamic de-
terioration and HF exacerbations. Whether AF ablation can ameliorate
the need for recurrent hospitalizations for acute decompensated HF in
CA patients and reduce healthcare costs remains unknown thus far.
Our study is the first to demonstrate that a higher percentage of CA
patients after AF ablation was readmitted with acute HF exacerbations
and was associated with higher adjusted costs and length of stay than
HF patients with no CA.

Overall, there is a general reluctance to do ablation in these patients,
mainly stemming from concerns around the greater risk of procedural
complications, the shortened life expectancy of CA patients, and the
unknown efficacy of ablation due to the scarcity of large-scale data
and clinical experience. From the operator’s standpoint, potential in-
tolerance of high volumes of fluids during the radiofrequency
catheter ablation and an expectation that the ablation will be more ex-
tensive than simply pulmonary vein isolation makes the procedure chal-
lenging. This could potentially explain the higher incidence of pericardial
effusion, HF-related readmissions, and mortality seen in our study.

Patients with CA-AF have a higher risk of left atrial thrombus, which
represents a significant roadblock to adopting rhythm control strategies
in these patients. Some studies have shown that one-third of the pa-
tients with CA-AF have left atrial thrombus, which invariantly increases
the risk of stroke.>* However, in concordance with the recent reports,
our study showed that CA-AF patients undergoing ablation were not
associated with an increased risk of stroke compared to non-CA-AF
|:>atients.10 This could plausibly be explained by the careful selection
of ablation candidates and ruling out the presence of atrial thrombus
before the procedure.

We also observed that AF ablation in CA (vs. without CA) was
more prevalent at large metropolitan teaching hospitals (~90% of
cases) and was largely supported by Medicare. This could potentially
reflect referral bias, where patients with a rare diagnosis are more
likely to receive care at teaching hospitals, or these observations
might indicate the disparities in healthcare resource availability.
Patients hospitalized at large teaching centres are more likely to re-
ceive specialized care and a diagnostic workup for CA, leading to a
high disease prevalence. Nonetheless, our sensitivity analysis demon-
strated no impact of the teaching status of the institution on
CA-AF-related mortality, indicating that the care quality might not
differ significantly between different hospitals. Overall, our study de-
monstrated relatively worse outcomes in patients with (vs. without)
CA-AF after ablation. However, further studies are needed to dem-
onstrate the safety and efficacy of ablation vs. conservative therapy in
patients with CA.

Limitations

Our findings should be interpreted with acknowledgment of certain
limitations. Given the retrospective observational study design, selec-
tion bias and residual confounding are possible. For the same reason,
we could not establish a causal relationship but could only report tem-
poral associations between intervention and outcomes. Despite pro-
pensity matching on a wide range of demographics and
comorbidities, CA carried an inherently higher risk of mortality outside
the risk of procedure-related factors, and the impact of unmeasured
covariates could not be determined. Given that only patients with HF
were included, our findings cannot be extrapolated to patients with
CA but no heart failure. The NRD is a readmission database linked
to inpatient discharge records, so we could not capture events occur-
ring outside the hospital and could not account for the competing risk
of mortality arising in the community or ambulatory settings.
Furthermore, the lack of data on disease severity, type of amyloidosis,
type of catheter ablation, anatomical substrate identification, echocar-
diographic parameters, functional status, and medications used

precluded our ability to perform a more robust adjusted and stratified
analysis on these critical factors. Although all codes were verified using
the standard recommended sources, and with reported prior litera-
ture, the possibility of inadvertent coding error due to the lack of coding
precision for AF could not be entirely excluded. Furthermore, CA is
under-recognized, so it is plausible that the perceived low incidence
of AF ablation in CA patients may be due to under-diagnosis or
under-coding.

Conclusions

Compared with HF patients without CA undergoing AF ablation,
CA-AF was associated with worse outcomes: higher NACE and higher
mortality at index admission and at 30 days from the index procedure.
The risk of stroke remained similar between the two groups.
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