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Cost- Utility of Catheter Ablation for Atrial 
Fibrillation in Patients with Heart Failure: An 
Economic Evaluation
Darren Lau , MD, PhD; Roopinder K. Sandhu, MD, MPH; Jason G. Andrade , MD; Justin Ezekowitz , 
MBBCh, MSc; Helen So, MA, PhD; Scott Klarenbach, MD, MSc

BACKGROUND: Recent trials comparing catheter ablation to medical therapy in patients with heart failure (HF) with sympto-
matic atrial fibrillation despite first- line management have demonstrated a reduction in adverse outcomes. We performed an 
economic evaluation to estimate the cost- utility of catheter ablation as second line therapy in patients with HF with reduced 
ejection fraction.

METHODS AND RESULTS: A Markov model with health states of alive, dead, and alive with amiodarone toxicity was constructed, 
using the perspective of the Canadian healthcare payer. Patients in the alive states were at risk of HF and non- HF hospitaliza-
tions. Parameters were obtained from randomized trials and Alberta health system data for costs and outcomes. A lifetime 
time horizon was adopted, with discounting at 3.0% annually. Probabilistic and 1- way sensitivity analyses were performed. 
Costs are reported in 2018 Canadian dollars. A patient treated with catheter ablation experienced lifetime costs of $64 960 
and 5.63 quality- adjusted life- years (QALY), compared with $49 865 and 5.18 QALYs for medical treatment. The incremen-
tal cost- effectiveness ratio was $35 360/QALY (95% CI, $21 518– 77 419), with a 90% chance of being cost- effective at a 
willingness- to- pay threshold of $50 000/QALY. A minimum mortality reduction of 28%, or a minimum duration of benefit of >1 
to 2 years was required for catheter ablation to be attractive at this threshold.

CONCLUSIONS: Catheter ablation is likely to be cost- effective as a second line intervention for patients with HF with symptomatic 
atrial fibrillation, with incremental cost- effectiveness ratio $35 360/QALY, as long as over half of the relative mortality benefit 
observed in extant trials is borne out in future studies.

Key Words: atrial fibrillation ■ catheter ablation ■ cost- effectiveness ■ heart failure

Despite improvements in the prevention and care 
of heart disease, heart failure (HF) with reduced 
ejection fraction remains a common condition 

associated with significant mortality and morbidity.1– 3 
Atrial fibrillation (AF) frequently coexists in patients with 
HF.4,5 The combination of HF and AF has been asso-
ciated with increased hospitalizations, more severe 
symptoms, lower rates of AF control,6– 8 and increased 
mortality.9

Rhythm control of AF with anti- arrhythmic drugs has 
not been shown superior to medical rate control,10,11 

and may be harmful in patients with HF.12,13 Catheter 
ablation (CA) is an alternative, non- pharmacologic 
means of rhythm control in AF with recent evidence 
of benefit in patients with HF, including a 38% reduc-
tion in mortality or HF hospital admissions in the 2018 
CASTLE- AF (Catherter Ablation for Atrial Fibrillation 
with Heart Failure) randomized controlled trial (RCT).14 
Putting aside, for now, the methodologic limitations 
of CASTLE- AF, we can anticipate that increasing use 
of CA for AF in patients with HF will have significant 
economic implications. The upfront costs of catheter 
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ablation have previously been characterized from $16 
to $21 thousand Canadian dollars (CAD) ($12– $16 
thousand US dollars [USD]) compared with annual 
medical therapy costs of $4 to $5 thousand CAD ($3– 
$4 USD) in AF.15 Economic evaluations can inform the 
attractiveness of catheter ablation from a cost and 
cost- effectiveness perspective, and also determine 
the magnitude of comparative effectiveness that may 
inform future research. Two previous economic evalu-
ations of catheter ablation in HF have been performed. 
Gao et al reported an incremental cost- effectiveness 
ratio (ICER) of $55 942 Australian dollars (AUD)/quality- 
adjusted life- years (QALY) which was felt not to be 
cost- effective at an ICER threshold of $50 000 AUD/
QALY.16 Chew et al reported an ICER of $38 496 USD/
QALY which was felt to be cost- effective at a higher 
threshold of $100 000 USD/QALY, with a reasonable 
chance (75%) of being cost- effective at the $50 000 
USD/QALY threshold.17 Variations in the conclusions 
and modeling decisions of these 2 studies— for ex-
ample, the use of baseline health utilities from AF, as 
opposed to HF, populations in Chew et al, and the as-
sumption of a utility increment of 0.08 associated with 
maintenance of sinus rhythm; the use of background 

lifetime mortality rates extrapolated from CASTLE- AF 
in both studies— necessitate additional studies to en-
sure convergence (or to explore divergence) of find-
ings across different settings and conditions. We 
performed an economic evaluation of the expected 
cost- utility of catheter ablation in patients with HF with 
AF in Alberta, Canada, using currently available esti-
mates of CA effectiveness.

METHODS
We performed a cost- utility analysis of CA compared 
with usual medical management of AF in patients with 
HF, using data from available randomized controlled 
trials and meta- analyses where available. A 30- year 
time horizon was specified, equivalent to a lifetime time 
horizon given the high mortality rate of this popula-
tion. The perspective was that of a public healthcare 
payer; costs were analyzed in 2018 Canadian dol-
lars. All data and materials have been made publicly 
available at the Education & Research Archive of the 
University of Alberta and can be accessed at https://
doi.org/10.7939/r3- jbh9- v007.

Patients
The target population was composed of patients 
similar to those enrolled in previous RCTs, of which 
CASTLE- AF provided the most patients. Accordingly, 
our population was composed of patients with HF with 
reduced left ventricular ejection fraction and sympto-
matic paroxysmal or persistent AF, age 65 years, who 
did not have a response to antiarrhythmic drugs, had 
unacceptable side effects, or were unwilling to take 
these drugs.14 We did not model a sex-  or ejection 
fraction- specific effect, but patients in CASTLE- AF 
were predominantly men (84%– 87%) with persistent 
AF (65%– 70%), median New York Heart Association 
functional class II with median left ventricular ejection 
fraction 32%. The majority had previously trialed ami-
odarone (57%– 61%). Other trials of catheter ablation 
in AF enrolled a demographically and clinically similar 
group of patients, though some, like AATAC (Ablation 
vs Amiodarone for Treatment of AFib in Patients with 
CHF and an ICD), which also showed a mortality ben-
efit of CA, differ in not requiring previous failure of anti- 
arrhythmic therapy or not specifying whether a degree 
of AF- attributable symptoms were required for study 
enrollment.12

Intervention and Comparator
In the 7 extant randomized trials of CA in patients 
with HF with AF, CA was performed at special-
ized cardiac centers using radiofrequency energy 
to achieve pulmonary vein isolation, with variations 
in the specific technique both within and between 

CLINICAL PERSPECTIVE

What Is New?
• Catheter ablation for heart failure patients with 

atrial fibrillation refractory to first- line medical 
management is cost effective, with incremental 
cost- effectiveness ratio $35 360 Canadian dol-
lars/quality- adjusted life- years.

• A minimum relative mortality reduction of 28% 
over at least 2  years is required for catheter 
ablation to be cost effective at a threshold of 
$50  000 Canadian dollars/quality- adjusted 
life- years.

What Are the Clinical Implications?
• Further trials are needed examining catheter 

ablation in older patients and at different stages 
in atrial fibrillation management.

Nonstandard Abbreviations and Acronyms

CA catheter ablation
ICER incremental cost- effectiveness ratio
MED medical therapy
MLHFQ Minnesota Living with Heart Failure 

Questionnaire
QALY quality- adjusted life- year
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studies. Procedures were followed by a “blanking” 
period, usually of 3 months, during which patients 
could be cardioverted or receive repeat catheter ab-
lation. The trials featured 526 CA procedures among 
428 patients, for an inverse- variance weighted mean 
of 1.32 (95% CI, 1.21– 1.44) procedures per patient. 
Adverse events from each trial were summed to cal-
culate the frequency of CA complications per person 
(Table 1). The adverse event frequencies were con-
sistent with those seen in previous literature.18– 20 No 
peri- procedure deaths were observed in the HF tri-
als, so a death rate of 0.1% was assumed based on 
a retrospective cohort of 32 569 patients undergo-
ing CA without HF.21 The procedure was presumed 
to take 2 to 3 hours, with patients discharged on the 
same day,22 therefore a single day of disutility was 
assumed for each patient.

The comparator was ongoing medical management 
of AF and HF (medical therapy [MED]). The frequen-
cies of medication use were taken from supplemen-
tary data in CASTLE- AF. As expected, patients in the 
MED group had a higher rate of anti- arrhythmic drug 
use and digoxin. Otherwise, the medical management 
of both groups was similar and included standard HF 
medications, diuretics, and oral anticoagulation for 
stroke prophylaxis.

CA Effectiveness, Duration of Benefit, and 
Ongoing Care
Based on the systematic review of Turagam et al,23 
we assumed CA reduces mortality (base case relative 
risk [RR], 0.52; 95% CI, 0.33– 0.81) and HF admissions 
(base case RR, 0.60; 95% CI, 0.39– 0.93) (Table  2). 
We assumed no CA- specific effect on health utility 
for our base case, apart from decrements attributable 
to outcomes or complications (eg, HF admission or 
peri- procedural stroke), as the meta- analytic estimate 
of CA effect on Minnesota Living With Heart Failure 
Questionnaire (MLHFQ) scores was not statistically 
significant in Turagam et al (corrected in erratum to 
the original publication).23,24 This assumption is con-
servative, as numerous studies in AF patients with 
and without HF have demonstrated improvements in 
health- related quality of life on disease- specific instru-
ments. However, the impact on generic health utilities 
is typically much lower than disease- specific instru-
ments imply, perhaps best shown in patients without 
HF in the recent CABANA trial.25 This assumption was 
explored in sensitivity analysis using a range of CA- 
associated utility increments up to 0.20, with 0.05 felt 
to be a reasonable alternative assumption based on 
mapping from MLHFQ data (see below). We modeled 
differences in ongoing medical care for CA versus 
MED patients based on medication use at the end 
of CASTLE- AF, and cardioversion and subsequent 

catheter ablation rates from various randomized trials; 
these differences in ongoing medical care were pre-
sumed to persist indefinitely. Based on a recent well- 
conducted observational study of catheter ablation in 
patients with AF and HF, the duration of effectiveness 
for CA on mortality and HF requiring hospitalization 
was assumed to be 3  years.26 This is similar to the 
median follow- up duration of CASTLE- AF, which was 
38 months.14

Amiodarone use was less frequent in the patients 
with CA14; all patients on amiodarone were subject to 
extra laboratory and chest X- ray monitoring accord-
ing to guidelines.28 Six percent of amiodarone users 
were expected to develop hypothyroidism, leading 
to increased medication and monitoring costs.28 
Amiodarone- induced lung toxicity was also modeled, 
as below. Other amiodarone toxicities (eg, hepatotox-
icity) were not included because of rarity and lack of 
evidence of impacts on cost and quality of life.

Model Structure and Baseline Risk 
Estimates
The initial costs and complications of CA were mod-
eled as a decision tree capturing the first 3 months of 
therapy. Patients undergoing CA could experience a 
peri- procedural death, stroke, other complication, or 
no complications. Those alive after their procedures 
entered a Markov model with a cycle length of 1 year, 
to track ongoing outcomes and QALYs. Patients in 
the MED arm proceeded directly to the Markov model 
(Figure 1 and Figure S1).
The Markov model consisted of 3 states— Alive (labeled 
“ongoing care” in Figure 1), alive following irreversible 
amiodarone- induced lung toxicity, and dead. Patients 
who had experienced a peri- procedural stroke expe-
rienced the same health states, with a stroke- related 
utility decrement. Patients who were alive could expe-
rience HF hospitalizations and non- HF hospitalizations, 
with attendant costs and health utility decrements. 
They could also experience amiodarone- induced lung 
toxicity, the risk of which was modeled as the frequency 
of amiodarone use multiplied by the risk of lung toxicity 
per amiodarone user.29 Amiodarone- induced lung tox-
icity was modeled as an acute event with a separate 
transition subtree, featuring a specific risk of death, re-
covery to the alive state, and recovery to the alive with 
irreversible lung toxicity state, based on data from mul-
tiple sources, as synthesized in the previous cost- utility 
study of Blackhouse et al., 2013 (Table S1).30

The baseline yearly risk of HF and non- HF admis-
sions were interpolated from supplementary cumulative 
survival data from CASTLE- AF (Table 2, details in Data 
S1).14 The yearly risk of mortality was age dependent, 
from mortality estimates by 10 year age bands for pa-
tients with HF provided in the Canada Chronic Disease 
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Table 1. Procedure- Related Costs and Complications

Parameters Risk/Mean (SD) ($CAD) Probability Distribution ($CAD) Source and Notes

Procedure costs and duration

Procedures per patient 1.32 (0.06) Gamma, a=506.13 b=383.43 *

Total costs per procedure $9498 CAD ($1211) Gamma, a=61.466, b=0.006472 †,‡

Duration of actual procedure Negligible (2– 4 h) … Assumed

Health status day of procedure

Health status 0.25 … Assumed.

Duration 1.0 day … Assumed.

Complications

Death

Risk 0.10% … 21

Tamponade

Risk 0.70% Beta, a=3, b=425 *

Cost $33 196 ($4234) Gamma, a=61.466, b=0.001852 *

Duration 10.9 d … †

Pulmonary vein stenosis

Risk 0.70% Beta, a=3, b=425 *

Cost $16 524 ($2108) Gamma, a=61.466, b=0.003720 †

Duration 11.9 d … †

Stroke

Risk 0.47% Beta, a=2, b=426 *

Cost $22 050 ($2813) Gamma, a=61.466, b=0.002788 †

Duration 15.1 d … †

Effusion

Risk 1.40% Beta, a=6, b=422 *

Cost $14 549 ($1856) Gamma, a=61.466, b=0.004225 †

Duration 7.3 d … †

HF admission

Risk 1.17% Beta, a=5, b=423

Cost $15 651 ($1996) Gamma, a=61.466, b=0.003927 †

Duration 11.4 d … †

Pneumonia

Risk 0.47% Beta, a=2, b=426

Cost $12 973 ($1655) Gamma, a=61.466, b=0.004738 †

Duration 7.6 d … †

Bleeding

Risk 2.34% Beta, a=9, b=418

Cost $6531 ($829) Gamma, a=61.466, b=0.003128 ǁ

Duration 2.5 d … Assumed

Analysis performed in 2018 Canadian dollars using costs from publicly available Alberta data. Probability distributions in column 3 are generated solely from 
parameters for risk and mean and SD of costs provided in column 2. CAD indicates Canadian dollars.

*Estimated from events per patients cumulatively in extant trials of catheter ablation in patients with atrial fibrillation and heart failure. Number of procedures 
per patient is an inverse- variance weighted average.

†Estimated from provider billing codes (Alberta Schedule of Medical Benefits) and case- mix based ambulatory (Comprehensive Ambulatory Care Classification 
System) and inpatient (Canada Institute for Health Information Case Mix Group Plus) average encounter costs in 2017 to 2018 (http://www.ahw.gov.ab.ca/IHDA_
Retri eval, accessed March 18, 2020) and validated by clinical experts. Distribution of costs including SDs were unavailable. Standard errors were assumed to 
be 25% of the mean cost. Gamma distributions for costs were imputed from means and standard deviations. No probabilistic distributions were specified for 
duration of hospitalizations since duration was not expected to affect results materially apart from its effects on the average costs of hospitalization. Specific 
Comprehensive Ambulatory Care Classification System and Canada Institute for Health Information Case Mix Group Plus codes available in Data S1.

‡Assumed 35% of cases involved a routine inpatient stay of 1 day, apart from acute complications.
§Assumed analogous to an admission for heart failure with an angiogram.
ǁWeighted average of costs related to a hospital admission for vascular surgery miscellaneous procedure and an uncomplicated overnight stay for observation 

with transfusion of packed red blood cells. Vascular repair was assumed to be required in 15% of peri- procedural bleeds.18

http://www.ahw.gov.ab.ca/IHDA_Retrieval
http://www.ahw.gov.ab.ca/IHDA_Retrieval
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Table 2. Model Assumptions— Treatment Effectiveness and Ongoing Medical Care

Parameters Estimate Assumed Probability Distribution Source

Effectiveness

Hospitalizations for HF RR/annual risk

CA RR, 0.60; 95% CI, 0.39‒ 0.93 Lognormal, u=−0.511 s=0.222 SR23

MED 11.7% Beta, a=56.65, b=429.38 CASTLE- AF14*

Hospitalizations, non- HF RR/risk

CA RR, 0.99; 95% CI, 0.77‒ 1.28 Lognormal, u=−0.010, s=0.130 CASTLE- AF

MED 16.7% Beta, a=38.40, b=191.04 CASTLE- AF*

Mortality RR/Risk

CA RR, 0.52; 95% CI, 0.33‒ 0.81 Lognormal, u=−0.654 s=0.229 SR23

MED

Baseline mortality 4.8% to 21.1% depending on age … CCDSS2*

AF- associated excess 
mortality risk (OR)

OR, 1.14; 95% CI, 1.03‒ 1.26 Lognormal u=0.131, s=0.051 SR,9 observational 
studies, adjusted 

estimates

Quality of Life Utility difference/health utility

CA +0.00 … SR23*

MED 0.66 (0.069) Beta, a=30.56, b=15.74 SR27*

Ongoing medical care

Drug therapy Frequency

Amiodarone

CA 27% Beta, a=48, b=129 CASTLE- AF

MED 35% Beta, a=64, b=118

ACEi/ARB

CA 88% …

MED 85% …

Beta- blocker

CA 91% …

MED 90% …

CCB

CA 5% …

MED 3% …

Digoxin

CA 14% …

MED 34% …

Diuretics

CA 85% …

MED 90% …

OAC

CA 90% …

MED 90% …

Additional procedures Annual risk

Cardioversions

CA 4.3% Beta, a=36.91, b=825.91 RCTs of CAe.g.:12

MED 7.9% Beta, a=3.32, b=38.42 AF- CHF13||

(Continues)
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Surveillance System.2 Surveillance System estimates 
were inflated to reflect the additional burden of mortality 
imposed by concomitant AF from a systematic review of 
observational studies (OR, 1.14; 95% CI, 1.03 to 1.26).9

Costs
Costs were obtained in 2018 Canadian dollars (CAD) 
from publicly available Alberta sources. These are 
no charges to patients or private health insurers, but, 
rather, costs borne by the public healthcare payer 
under universal health care. Physician and proce-
dure fees, and fees for certain outpatient labora-
tory tests, were obtained from Alberta’s Schedule 
of Medical Benefits. Briefly, the Schedule of Medical 
Benefits governs physician fees, and is negotiated be-
tween the Alberta Medical Association, Alberta Health 
and Wellness (the government ministry), and Alberta 
Health Services (the provincial corporate health au-
thority), with the relative valuation of fee items be-
tween and within specialties determined by physician 
working groups.31 Ambulatory care costs, including 

emergency department costs, were obtained from 
the Comprehensive Ambulatory Care Classification 
System estimates. Inpatient costs were obtained from 
the Canada Institute for Health Information Case Mix 
Group Plus data set. Both sources provide costs 
for average patients in diagnosis- based aggregates 
(http://www.ahw.gov.ab.ca/IHDA_Retri eval/selec tCate 
gory.do under “Health Costing”). Medication costs 
were obtained from the Alberta Blue Cross Interactive 
Drug Benefits List, and reflect prices negotiated be-
tween pharmaceutical companies and Alberta’s public 
drug funder. Estimated costs for study outcomes and 
ongoing medical care are provided in Table S1, with 
further details provided in Data S1. The additional on-
going costs of irreversible amiodarone- induced lung 
toxicity were obtained from a literature source.32 Costs 
were discounted at a rate of 3.0% per year.

Utility
The primary model outcome was quality adjusted life 
years (QALYs), based on the health utility estimates 

Figure 1. Markov Model of catheter ablation versus medical therapy.
Markov model shown as a tree diagram. A simplified form shown as a state transition diagram is found in Figure S1. AF indicates 
atrial fibrillation; amio tox or amio pulm tox, amiodarone pulmonary toxicity; CA, catheter ablation; HF, heart failure; and MED, medical 
therapy. This figure was rendered in TreeAge Pro 2019 (TreeAge Software, LLC, Williamstown, MA).

Parameters Estimate Assumed Probability Distribution Source

Catheter ablation

CA … …

MED 1.1% Beta, a=47.06, b=4293.75 AF- CHF¶

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; AF, atrial fibrillation; CA, catheter ablation; CCB, calcium channel 
blocker; CCDSS, Canadian Chronic Disease Surveillance System; HF, heart failure; MED, medical therapy; OAC, oral anticoagulant; RCT, randomized controlled 
trial; RR, relative risk; and SR, systematic review.

*Interpolated from Kaplan‒ Meier cumulative survival rates reported in CASTLE- AF (Catherter Ablation for Atrial Fibrillation with Heart Failure).14 The resulting 
figures turned out to be similar to the yearly rates seen in AF- CHF (Atrial Fibrillation and Congestive Heart Failure) trial.13

†Mortality in patients with heart failure by sex and 10- y age bands. Average mortality between men and women chosen for base case.
‡Systematic review showed a non- significant improvement in Minnesota Living With Heart Failure Questionnaire score, −9.02, 95% CI, −19.75 to +1.71. 

Because of lack of health utility data, we have assumed, in our base case analysis, no impact on health utility/health- related quality of life.
§Based on mean EQ- 5D values from studies with 0% to 67% New York Heart Association III/IV patients reported in the systematic review of Dyer et al, 2010.27 

A CI was considered the range of mean EQ- 5D for these studies, ie: 0.58 to 0.78.
||In AF- CHF, the medical rate control arm appeared to have a 2.9% yearly risk of cardioversion, compared with 19.1% in the anti- arrhythmic drug arm. Given 

31% of patients on amiodarone in the medical therapy group, this leads to a blended average risk of 7.9%, with 2.9% and 19.1% set as 95% confidence limits 
for the purposes of estimating beta- distribution parameters.

¶Rate of catheter ablation in both medical rate control and anti- arrhythmic drug groups was similar in the AF- CHF trial— rate given here is for all patients in the trial.

Table 2. Continued

http://www.ahw.gov.ab.ca/IHDA_Retrieval/selectCategory.do
http://www.ahw.gov.ab.ca/IHDA_Retrieval/selectCategory.do
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provided in Table S2. While the weighted mean base-
line Minnesota Living with Heart Failure Questionnaire 
score in the CA RCTs was ≈50, the 2 published algo-
rithms translating MLHFQ to health utilities are based 
on small studies and led to divergent values.33,34 Based 
on a 2010 review of EQ- 5D ratings from various HF tri-
als, we assumed a base case utility of 0.66.27 Patients 
undergoing procedures or hospital admissions were 
assumed to experience a utility of 0.25 for the duration 
of the event.

Statistical Analysis
The primary, base case analysis was performed as 
probabilistic sensitivity analyses, with parameters as-
signed to distributions as follows. Effectiveness esti-
mates were assigned a lognormal distribution based 
on published CIs. Event risks and the frequency of 
amiodarone use were assigned beta distributions, 
with parameters based on frequency data from their 
published literature sources. Beta- distributions were 
assigned to health utilities, similarly parameterized. 
Costs were only available as the sum of mean or me-
dian values, therefore CIs of ±25% were presumed 
and used to extrapolate a symmetric gamma distribu-
tion. Probability distribution parameters are provided 
in Tables 1 through 4. The model was run with Monte 
Carlo sampling for 10  000 replicates to develop CIs 
and a cost- effectiveness acceptability curve, presum-
ing a threshold willingness- to- pay of $50  000 CAD/
QALY (equivalent to $38  664 USD/QALY denomi-
nated in 2018 USD). Means and 95% CIs are reported, 
with lower and upper limits taken from the 2.5-  and 
97.5- percentile values of the Monte Carlo outcome 
distributions.

One- way sensitivity analyses were performed on 
the following variables, considered a priori to have 
the most potential influence on results: (1) effective-
ness parameters including: relative risk of mortality, 
HF admissions, non- HF admissions, effect of CA on 
health utility, and duration of benefit from CA; (2) CA 
characteristics including cost of procedure, number of 
procedures required per patient, and the frequency of 
peri- procedural adverse events; (3) health utility in the 
alive state; (4) baseline risk of outcomes including HF 
admission, non- HF admission, and mortality; (5) cost 
of HF admission; and (6) start age of the cohort.

Additional sensitivity analyses were performed 
on CA effectiveness on mortality. First, we assumed 
that CA would have no effect on mortality. Second, 
we modeled a fixed annual rate of background mor-
tality, instead of using age- banded HF- specific rates. 
Finally, we ran the model with a discount rate of 3.0% 
per year. Analyses were performed in TreeAge Pro 
2019 (TreeAge Software, LLC, Williamstown, MA). 
Institutional ethics review was not required for this 
study, which involved publicly available data and did 
not involve actual patients or patient information.

RESULTS
Base Case Analysis
Expenditures in catheter ablation were higher than in 
MED, driven mainly by the increased upfront cost of 
the catheter ablation procedure(s), which amounted 
to, on average, $12  563 CAD with another $1312 
for complications (Table S3). Most of the healthcare 
costs in both CA and MED were associated with 
the hospital admissions component, with patients 
with CA having slightly fewer HF admissions, but 
more non- HF admissions, over time; the latter was 
because of longer overall survival. Patients with CA 
also had somewhat higher costs associated with 
ongoing medical care of HF and AF, also because 
of longer survival. While patients with CA were less 
likely to be amiodarone users, the marginal decrease 
in amiodarone- associated costs, including those re-
lated to amiodarone- induced pulmonary toxicity, was 
minimal ($1080 versus MED $1279).

In probabilistic analysis, CA was associated with 
average costs of $64 960 compared with $49 865 for 
MED, for average incremental costs of $15 095 (95% 
CI, $10  631– 19  806) (Table  3). CA was associated 
with an additional 0.45 QALYs (95% CI, 0.15– 0.70). 
The incremental cost effectiveness ratio (ICER) was 
$35 360/QALY (95% CI $21 518– 77 419) (Table 3; see 
Figure S2 for ICER scatter plot). At a willingness- to- pay 
of $50 000 CAD/QALY, the probabilistic analysis with 
base case assumptions identifies a 90% chance of CA 
being cost- effective; at willingness to pay thresholds of 

Table 3. Base Case Analysis— Catheter Ablation Versus 
Medical Therapy

Outcome Mean 95% CI

Cost (discounted)

CA $64 960 $55 715‒ $75 647

MED $49 865 $42 116‒ $58 968

Effectiveness (QALY, discounted)

CA 5.63 4.38‒ 6.77

MED 5.18 4.06‒ 6.20

Incremental

Cost ($CAD) $15 095 $10 631‒ $19 806

Effectiveness (QALY) 0.45 0.15‒ 0.70

Incremental cost- effectiveness

ICER ($CAD/QALY) $35 360 $21 518‒ $77 419

CIs taken from the 2.5 and 97.5 percentiles of the output distributions 
from probabilistic sensitivity analysis under base case assumptions. $CAD 
indicates Canadian dollars; CA, catheter ablation; ICER, incremental cost- 
effectiveness ratio; MED, medical therapy; QALY, quality- adjusted life- years
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$25 000 CAD and $100 000 CAD, the probability that 
CA is the preferred strategy is 11% and 98%, respec-
tively (see Figure S3 for cost- effectiveness acceptabil-
ity curve).

One- Way Sensitivity Analysis
The tornado diagram (Figure  S3) showed that the 
ICER was most sensitive to duration of benefit 
and the effectiveness of CA on all- cause mortality. 
Benefits had to extend, at minimum, nearly 2 years 
to achieve an ICER <$50 000/QALY. If we assume a 
duration of benefit of 5 years, the longest follow- up 
length of CASTLE- AF, the ICER becomes $23 199/
QALY.

Similarly, CA had to reduce mortality by at least 
28% (RR≤0.72, ie: 70% of the HF benefit in relative 
risk reduction terms in the base case scenario), all 
other variables held equal, to be cost effective at 
this threshold. The model was otherwise robust 

to variations in other variables, including the esti-
mated per- procedure costs of CA, other CA effec-
tiveness parameters, and peri- procedural adverse 
event rates. Even with all peri- procedural adverse 
event rates doubled and tripled, the resulting ICERs 
were $37 419/QALY and $41 678/QALY, respectively 
(shown in Figure 2 as “inflation factor for adverse 
events).

If CA were to improve health utility, then, based on 
mapping35 from MLHFQ change- scores,23 it would 
likely produce an increase of 0.05. At this level, the 
ICER would be $26 536/QALY. If there were no mor-
tality benefit of CA, a health utility improvement of 
0.10 lasting 3  years would produce an ICER value 
<$50 000/QALY in combination with the base case HF 
hospitalization relative reduction.

Additional sensitivity analyses were performed on 
the CA effectiveness on mortality. First, we assumed 
no mortality difference. Patients with CA ended 
up with slightly fewer QALYs and increased costs 

Figure 2. Catheter ablation vs medical therapy— tornado diagram with results of 1- way sensitivity analyses.
Vertical line intersecting the incremental cost- effectiveness ratio axis at $33 429 Canadian dollars/quality- adjusted life- years (QALY) 
represents incremental cost- effectiveness with all parameters set to base case assumptions (note that this varies slightly from the 
probabilistic sensitivity results reported as base case in this study, since the Tornado diagram is based on a deterministic analysis). 
As each parameter is varied across the range provided in parentheticals in the right- hand column, the bars represent the range of 
incremental cost- effectiveness ratio values obtained. Blue bars represent the effect of decreasing the parameter relative to its base 
case value, red bars represent the effect of increasing the parameter relative to its base case value. For example, relative risk mortality 
catheter ablation vs medical therapy, when set to 0.5 (down from base case estimate of 0.52) led to incremental cost- effectiveness 
ratio=$31 730 Canadian dollars/QALY, and when set to 0.9 (up from base case estimate of 0.52), led to incremental cost- effectiveness 
ratio=$134 176/QALY; the horizontal bar for this parameter captures the interval $31 730/QALY‒ $134 176/QALY. Larger bars indicate 
that the result is more sensitive to the parameter when varied across the given range. The most influential parameters, ie, those with 
the largest bars, are found at the top of the graph. AF indicates atrial fibrillation; AF- CHF, Atrial Fibrillation and Congestive Heart Failure 
trial; CA, catheter ablation; EV, expected value; HF, heart failure; ICER, incremental cost- effectiveness ratio; MED, medical therapy; RR, 
relative risk; and WTP, willingness to pay.
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despite the reduction in HF admission associated 
with CA, leading CA to be dominated (more costly 
and less effective) by MED. Under the assumption 
of no mortality benefit, a health utility increment of 
0.10 or more (see above) was the only alternative pa-
rameterization of any single variable that was able to 
generate an ICER of <$50  000/QALY CA. Second, 
using fixed annual background mortality rate instead 
of age- banded background mortality rates from 
Canadian Chronic Disease Surveillance reports did 
not materially change ICER results, even on one- way 
sensitivity analysis across a range from 2% to 25% 
mortality per year (results not shown).

Finally, with a discount rate of 1.5%, results were 
materially unchanged (see Table S4).

DISCUSSION
Our economic evaluation suggests that catheter ab-
lation is associated with both increased costs and 
increased quality- adjusted life years compared with 
ongoing medical therapy of patients with HF with symp-
tomatic AF despite previous trials of medical therapy, 
and may be cost- effective considering the commonly 
cited willingness- to- pay threshold of $50  000 CAD/
QALY in healthcare settings.36– 38 These conclusions 
were robust to one- way variations in most input vari-
ables, with the exception of CA mortality effectiveness 
and duration of benefit.

Cost- effectiveness analyses of CA in the regular 
AF population have had heterogenous conclusions, 
with ICERs ranging from dominated, to €3434 EUR/
QALY.39 While many have indicated that CA in the reg-
ular AF population may be attractive, some of these 
cost- effectiveness analyses presumed a benefit on 
stroke risk from the restoration of sinus rhythm, which 
was not borne out by the recent CABANA trial.10 In pa-
tients with HF and comorbid AF, only 2 previous cost- 
effectiveness analyses have examined the cost- utility 
of CA.16,17 Gao et al, 2019, produced a model similar to 
our own, but concluded that their base case ICER was 
unfavorable, at $55  942 AUD/QALY. One difference 
appears to have been different means of estimating 
mortality in our respective models. Gao et al. recon-
structed trial patient data from CASTLE- AF and fitted 
separate parametric survival curves to CA and MED 
patients. After 5 years, patients with CA experienced 
ongoing mortality at the same rate as patients receiv-
ing MED, with transition probabilities extrapolated from 
the parametric curve for MED long- term. Chew et al. 
used a similar parametric extrapolation yet came to 
conclusion of cost- effectiveness in the US context, 
using more favorable base- case assumptions about 
the utility benefit of CA than ours. We modeled baseline 
mortality using annual mortality rates varying by 10- 
year age bands according to HF surveillance data from 

the Public Health Agency of Canada,2 with patients 
with CA experiencing reduced mortality for 3 years ac-
cording to the meta- analyzed pooled relative risk from 
RCTs of CA.23 This approach generated average yearly 
mortality rates similar to those seen in CASTLE- AF 
during the trial period (Data S1). Particularly where an 
intervention- driven difference in mortality does not also 
need to be extrapolated past the duration of trial, our 
approach situates the intervention in conditions of “real 
world” background mortality.

The 2 major limitations to our analysis are method-
ologic limitations, and generalizability concerns about 
the current evidence for CA in HF. The mortality bene-
fit in CASTLE- AF was extraordinary (hazard ratio [HR], 
0.54; 95% CI, 0.34– 0.84), exceeding the observed HF 
hospitalization benefit.14 The CASTLE- AF results are 
close to those of a preceding trial, AATAC (HR, 0.44; 
95% CI, 0.20– 0.97),12 and the mortality benefit ap-
pears to be driven by cardiovascular death, suggesting 
that the mechanism of benefit may be other than HF 
mitigation. However, multiple methodologic concerns 
with CASTLE- AF have been pointed out, including 
early stopping, excessive loss- to- follow- up, open- 
label design, and a small number of primary end- point 
events relative to most HF trials.40 The overall body of 
literature is heavily dependent on CASTLE- AF.41 Thus, 
whether catheter ablation is truly effective in reducing 
HF admissions and mortality in patients with HF with 
AF remains an open question. Economic evaluation, 
uniquely, provides insight into the minimum degree of 
benefit future studies need to demonstrate for CA to 
be cost- effective in the Canadian context; if CA results 
in a mortality benefit as low as 28%, representing 58% 
of the observed relative risk reduction in the present 
RCTs, it will remain attractive from a cost- effectiveness 
perspective in many healthcare systems. The health 
utility benefit associated with CA is an important pa-
rameter for future studies to clarify, since an increment 
in health utility would offset the degree of mortality 
benefit required for CA to be cost- effective, and may, 
on its own, be cost- effective at higher willingness- to- 
pay thresholds.

From a generalizability perspective, the source 
RCTs enrolled patients with reduced ejection fraction 
HF and symptomatic AF despite previous trials of med-
ical therapy. In CASTLE- AF, there was the additional 
criteria of having been intolerant of, failed, or unwill-
ing to trial amiodarone therapy. Our cost- effectiveness 
analyses therefore supports the use of CA as second- 
line therapy of AF in patients with HF, and is unable 
to determine to whether CA should be considered 
earlier in the management of patients with HF and 
AF. It is worth noting that all patients in CASTLE- AF 
had implanted devices. Our analysis may apply to as 
few as 7.8% of patients with HF and AF meeting the 
CASTLE- AF inclusion and exclusion criteria, though 
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CA still appeared effective in patients not meeting the 
inclusion criteria in this observational study.42 It also 
remains uncertain whether CA should be targeted to 
select groups of patients with HF, since the subgroup 
analyses of CASTLE- AF appeared to show benefit in 
men, age <65 years, with left ventricular ejection frac-
tion ≥25%.14 Further trials examining the use of CA in 
patients with HF with new onset AF and specific other 
subgroups will be needed to avoid inappropriate indi-
cation creep that might lead to diminished returns and 
potential harms.

There are additional limitations of the present eco-
nomic evaluation. For example, cost- effectiveness 
was not directly measured in CASTLE- AF and other 
key trials. Key utility inputs were extrapolated from 
other studies. Given the results of our 1- way sensi-
tivity analysis, these limitations are probably minor 
relative to the uncertainty imposed by the evidence 
base.

In summary, current guidelines recommend cath-
eter ablation in patients with HF with symptomatic AF. 
The American Heart Association gives a IIb recom-
mendation that select patients may benefit from lower 
mortality and reduced HF hospitalization,43 while the 
Canadian Cardiovascular Society recommends it in 
symptomatic patients after an adequate trial of antiar-
rhythmic therapy.44 Our results support both guidelines 
by showing that CA is likely cost- effective. Readers 
should avoid extrapolating these findings to patient 
groups that were not included in the randomized ef-
fectiveness trials, and more data on the effectiveness 
of CA compared with continued medical management, 
particularly on mortality and quality of life benefit, and 
in alternative patient populations, is needed. Until then, 
CA should be seen as a reasonably cost- effective 
second- line intervention for symptomatic AF in patients 
with reduced ejection fraction HF, based on the current 
available evidence.
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SUPPLEMENTAL MATERIAL 



Data S1. Cost Details and Background Event Rates
Costs provided in 2018 Canadian dollars based on publicly available Alberta costing data.

A. Detailed Cost Breakdowns

Catheter ablation Item Subtotals / Totals Notes
Procedure HSC (SOMB) 49.98AB Complex ablation of arrhythmic substrate $2,222.50

49.98Y cardioversion with EPS HSC $66.50
49.99AA, intra-operative TEE $135.92 $2,424.92

Provider fee 03.08A Cardiologist (EP) Consultation $175.00
CMXC30 Complex modifier > 30 min $31.43
03.08I Prolonged  by 15 minutes $12.45 $218.88

Ambulatory facility costs CACS C209 – Other Cardiac Intervention $6,519.71 $6,519.71
Hospital admission For routine observation (no adverse events), overnight / single day

Average AB cost of a hospital stay $7,983.00 CIHI
Average AB length of stay 7.8 days - cost per day $1,023.46
Cardiologist consultation and rounding x 1 day for admission $319.53
Expected cost per day given 35% risk of overnight observation $470.05 $470.05

Total $9,633.56

Tamponade Item Subtotals / Totals Notes
CMG+ hospital cost 173 Minor cardiothoracic intervention $30,921.59 $30,921.59
Procedure 49.0 Pericardiocentesis $218.04 $218.04
Provider fee 03.08A Cardiology consultation for admission $175.00

03.03D Daily rounding, regular cardiology ward $104.12
COINPT $40.41
Total daily rounding given average length of stay 10.87 days $1,571.04 $1,746.04

Formal TTE X306A - Complex complete echocardiogram $250.25
Limited TTE to re-assess X307 - Ultrasound heart, echo, limited $59.99 $310.24
Total $33,195.91

Effusion Item Subtotals / Totals Notes
CMG+ hospital cost 209 - Other / Miscellaneous cardiac disorder $13,007.23 $13,007.23
Provider fee 03.08A Cardiology consultation for admission $175.00

03.03D Daily rounding, regular cardiology ward $104.12
COINPT $40.41
Total daily rounding given average length of stay 7.31 days $1,056.51 $1,231.51

Formal TTE X306A - Complex complete echocardiogram $250.25
Limited TTE to re-assess X307 - Ultrasound heart, echo, limited $59.99 $310.24
Total $14,548.98

Pneumonia Item Subtotals / Totals Notes
CMG+ hospital cost 138 Viral / Unspecified pneumonia $10,942.11 $10,942.11
Provider fee 03.08A Internal medicine consultation $198.70

03.03D Daily rounding, regular medicine ward $55.64
COINPT $40.41
Total daily rounding given average length of stay 7.58 days $728.06 $926.76

ED costs CACS B211 Disease or disorder Resp system with acute admission without high resource interv$973.25 $973.25
ED provider fee 03.04F Comprehensive visit in ED $99.19

CMXC30 Complex patient requiring > 30 minutes $31.43 $130.62
Total $12,972.74

Pulmonary vein stenosis Item Subtotals / Totals Notes
CMG+ hospital cost 195 Heart Failure without coronary angiogram $12,639.07 $12,639.07
Imaging CT pulmonary veins* $850.00 $850.00
Provider fee 03.08A Cardiology consultation for admission $175.00

03.03D Daily rounding, cardiologist $104.12
COINPT $40.41
Total daily rounding given average length of stay 11.51 days $1,663.54 $1,838.54

ED costs CACS B212 Disease/Disorder Cardiovascular System with Acute Admission / Transfer without High Resource Intervention$1,065.89 $1,065.89
ED provider fee 03.04F Comprehensive visit in ED $99.19

CMXC30 Complex patient requiring > 30 minutes $31.43 $130.62
Total $16,524.12

* Imputed from a private provider's CT coronary angiogram fee (MIC, https://x-ray.ca/services/computed-tomography/angiogram-ct/, accessed Jul 03, 2020).

Stroke Item Subtotals / Totals Notes
CMG+ hospital cost 026 Ischemic event of central nervous system $17,988.43 $17,988.43
Provider fee 03.08A Neurology consultation $197.86

03.08A Cardiology consultation for admission $175.00
03.03D Daily rounding, stroke neurology consultant $59.36
COINPT $40.41
03.03D Daily rounding, cardiologist $104.12
COINPT $40.41
Total daily rounding given average length of stay 15.1 days $3,688.93 $4,061.79

Total $22,050.22

Bleeding post-catheter ablation Item Subtotals / Totals Notes



Bleeding, no vascular intervention required (85% of cases) - 10.82 days
Blood transfusion x1 Lagerquist et al., 2017 costing study {Lagerquist, 2017} $666.10 $666.10
Hospital admission For routine observation (no adverse events), overnight / single day

Average AB cost of a hospital stay $7,983.00 CIHI
Average AB length of stay 7.8 days - cost per day $1,023.46
Cardiologist consultation and rounding x 1 day for admission $319.53
Expected cost per day including cardiologist fees $1,342.99 $1,342.99

Ultrasound peripheral arteries X332 $161.47 $161.47
Total $2,170.56

Bleeding, vascular intervention required (15% of cases) - Assumed 1 day Subtotals / Totals Notes
CMG+ hospital cost 185 Other/miscellaneous vascular intervention $27,470.28 $27,470.28
Procedures 51.3B Repair to peripheral vessels, traumatic injury $755.22

Blood transfusion x1, as above {Lagerquist, 2017} $666.10
Anesthesia (51.3B ANES) $287.78 $1,709.10

Provider fee 03.08A Vascular surgery consultation $160.56
03.08A Cardiology consultation $175.00
03.03D Daily rounding, regular cardiology ward $104.12
COINPT $40.41
Total daily rounding given average length of stay 10.82 days $1,563.81 $1,899.37

Ultrasound peripheral arteries X332 $161.47 $161.47
Total $31,240.22

Weighted average of all bleeding cases
Total (Weighted average duration 2.47 days) $6,531.01

HF admission Item Subtotals / Totals Notes
CMG+ hospital cost 196 – HF without coronary angiogram $12,639.07 $12,639.07
Provider fee 03.08A Cardiology consultation $175.00

03.03D Daily rounding, regular cardiology ward $104.12
COINPT $40.41
Total daily rounding given average length of stay 11.35 days $1,640.42 $1,815.42

ED costs CACS B212 Disease/Disorder Cardiovascular System with Acute Admission / Transfer without High Resource Intervention$1,065.89 $1,065.89
ED provider fee 03.04F Comprehensive visit in ED $99.19

CMXC30 Complex patient requiring > 30 minutes $31.43 $130.62
Total $15,651.00

Non-HF admission Item Subtotals / Totals Notes
CMG+ hospital cost All combined CMG+ groupers $12,169.11 $12,169.11
Provider fee 03.08A Internal medicine consultation $198.70

03.03D Daily rounding, regular medicine ward $55.64
COINPT $40.41
Total daily rounding given average length of stay 8.52 days $818.35 $1,017.05

ED costs CACS B218 Other condition with acute admission without high resource interv $907.71 $907.71
ED provider fee 03.04F Comprehensive visit in ED $99.19

CMXC30 Complex patient requiring > 30 minutes $31.43 $130.62
Total $14,224.49

Amiodarone pulmonary toxicity Item Subtotals / Totals Notes
CMG+ hospital cost 142 Other lung disorder $23,637.38 $23,637.38
Provider fee 03.08A Pulmonary medicine consultation $207.31

03.03D Daily rounding, regular pulmonary ward $52.30
COINPT $40.41
Total daily rounding given average length of stay 11.13 days $1,031.86 $1,239.17

ED costs CACS B211 Disease or disorder respiratory system with acute admission without high resource interv$973.25 $973.25
ED provider fee 03.04F Comprehensive visit in ED $99.19

CMXC30 Complex patient requiring > 30 minutes $31.43 $130.62
Total $25,980.42



B. Background Mortality Rates
 From Canada Chronic Disease Surveillance System for Heart Failure Patients (CDSS)

From CDSS Calculated
Mortality Standard error CV Mortality Standard error

Age band Male Female Male Female Average Average Average
40-54 0.034 0.038 0.001 0.002 0.041 0.036 0.001
55-64 0.048 0.048 0.001 0.001 0.021 0.048 0.001
65-74 0.074 0.068 0.001 0.001 0.014 0.071 0.001
75-84 0.127 0.105 0.001 0.001 0.009 0.116 0.001
85+ 0.224 0.198 0.002 0.001 0.007 0.211 0.001
CV = Coefficient of Variation

Inflated for comorbid AF using OR = 1.14 factor (Mamas et al., Eur J Heart Fail, 2009;11:676-683)

Calculated Inflated for comorbid AF
Mortality Standard errorMortality Age band mid-point

Age band Average Average Odds Post-AF OddsRisk for linear interpolation
40-54 0.036 0.001 0.038 0.043 0.041 47.5
55-64 0.048 0.001 0.050 0.057 0.054 60
65-74 0.071 0.001 0.077 0.087 0.080 70
75-84 0.116 0.001 0.131 0.149 0.130 80
85+ 0.211 0.001 0.267 0.304 0.233 85



C. Yearly Event Rates from CASTLE-AF - Approximate Calculations Based on Supplemental Data

Yearly outcome rates in CASTLE-AF - interpolated from published Kaplan-Meier cumulative survival data

What is the HF admission rate per year in the control arm of CASTLE-HF?
Time point (months)

Calculation step 0 12m 24m 36m 48m 60m
1 0.142 0.358 0.463 KM cumulative event rates from Supplement table S6
2 0.858 0.642 0.537 Complement taken to calculate cumulative survival
3 0.858 0.748 0.836 Period specific survival - S[period](t) = S[cumulative](t) / S[cumulative](t-1)
4 0.858 0.865 0.865 0.915 0.915 Interpolated per year - See note.
5 0.142 0.135 0.135 0.085 0.085 Event rate taken as complement of period-specific survival rate.

Average yearly event rate = 0.117
Note: Interpolation of survival rates per year using the following formula:
S[cumulative] at 36 = S[cumulative 0-12m] * S[period 12-24m] * S[period 24-36m], assume S[period 12-24m] and S[period 24-36m] are equal = x, solve for x.

What is the all-cause admission rate per year in the control arm of CASTLE-HF?
Time point (months)

Calculation step 0.000 12m 24m 36m 48m 60m
1 0.369 0.699 0.815 KM cumulative event rates from Supplement table S6
2 0.631 0.301 0.185 Complement taken to calculate cumulative survival
3 0.631 0.477 0.615 Period specific survival
4 0.631 0.691 0.691 0.784 0.784 Interpolated per year - See above note.
5 0.369 0.309 0.309 0.216 0.216 Event rate taken as complement of period-specific survival rate.

Average yearly event rate = 0.284
It turns out these figures are very similar to those of Roy et al. (AF-CHF).

Provided for interest only
What is the all-cause mortality rate per year in the control arm of CASTLE-HF?

Time point (months)
Calculation step 0.000 12m 24m 36m 48m 60m

1 0.039 0.172 0.375 KM cumulative event rates from Supplement table S6
2 0.961 0.828 0.625 Complement taken to calculate cumulative survival
3 0.961 0.862 0.755 Period specific survival
4 0.961 0.928 0.928 0.869 0.869 Interpolated per year - see above note.
5 0.039 0.072 0.072 0.131 0.131 Event rate taken as complement of period-specific survival rate.

Average yearly event rate = 0.089



Table S1. Costs of Treatment Outcomes and On-Going Care (2018 Canadian Dollars). 

  
Cost, mean (sd) 
$ 2018 CAD Probability Distribution Sources and Assumptions 

Outcomes 

Hospitalizations for HF  

… Costs $15,651 ($1,996) Gamma, a = 61.466, b = 0.003927 (F) 

… Duration 11.4 days -- (A) 

Hospitalizations, non-HF  

… Costs $14,224 ($1,814) Gamma, a = 61.466, b = 0.004321 (A) 

… Duration 8.5 days -- (A) 

Mortality  

… Costs $0  -- Assumed. 

On-Going Medical Care 

Amiodarone  

… Drug costs $136  -- (B), amiodarone 200mg daily. 

… Monitoring $197  -- (C) 

… Hypothyroidism  -- Assumed in 6% of amiodarone users (27).  

Levothyroxine $41  -- (B) 

Additional TSH  $95  -- (C) 

… Pulmonary toxicity    

Risk / year 0.8% Beta, a= 6.14, b = 731.86 (2, 3) 

Hospitalization costs $25,980 ($3,314) Gamma, a = 61.466, b = 0.002366 (A) 

Hospitalization duration 11.1 days -- (A) 

Death 9.1% 
Beta, a= 3 b= 30 
 (2, 4) 

Irreversible 25% Beta alpha 25 beta75 (2, 5) 

On-going yearly costs 

1: $10,675 
($351) 
2: $6,116 ($562) 
3: $1,256 ($676) 

Gamma, a = 926.486, b = 0.08679 
Gamma, a = 118.350, b = 0.01935 
Gamma, a = 3.458, b = 0.002752 

Annual incremental health care costs in 
the first, second, and >= third years after 
diagnosis (31). 

… Other complications $0  -- (D), assumed.  

Other drug costs per year   

… ACEi / ARB $77 -- (B), valsartan 320mg daily.  

… Beta-blocker  $91  -- (B), metoprolol 100mg BID. 

… CCB  $211 -- (B), diltiazem, 360mg daily. 

… Digoxin  $110  -- (B), digoxin 0.125mg daily. 

… Diuretic  $113 -- 
(B), furosemide 60mg and spironolactone 
50mg daily. 

… OAC  $1,048 -- (B), rivaroxaban 20mg daily. 

Pharmacy fees per year   

… Dispensing fees $49  -- (E)  

... Stocking fees +8%  -- I.e.: Of drug costs. Assumed. 

Routine clinic follow-up   

… Cost per visit $441 -- (A) including basic lab monitoring. 

… Visits per year 4 -- Assumed. 

Additional Procedures 

Cardioversions $983 ($125) Gamma, a = 61.466, b = 0.06251 (A) 

Catheter ablation $9,634 ($1,228) Gamma, a = 61.466, b = 0.006380 (A) 

HF, heart failure; TSH, thyroid stimulating hormone; ACEi, angiotensin converting enzyme 

inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; OAC, oral 

anticoagulant. (A) Estimated from provider billing fees (Alberta Schedule of Medical Benefits 

[SOMB]), case-mix based ambulatory (Comprehensive Ambulatory Care Classification System 

[CACS]), and/or case-mix based inpatient (Canada Institute for Health Information Case Mix 

Group [CMG+]) average encounter costs in 2017-18. Distribution of costs including standard 

deviations were unavailable. Standard errors were assumed to be 25% of the mean cost. 

Gamma distributions for costs were imputed from means and standard deviations. No 

probabilistic distributions were specified for duration of hospitalizations, since duration was not 

expected to affect results materially apart from its effects on the average costs of a 

hospitalization. Specific CACS and CMG+ codes available in Supplementary appendix. (B) 



Alberta Blue Cross Drug Benefits List prices, 2019. (C) Alberta SOMB, based on recommended 

monitoring for amiodarone in (27), including TSH testing every 6 months. Additional TSH twice a 

year (so overall every 3 months) in patients with hypothyroidism. (D) Other complications of 

amiodarone use were assumed rare (e.g.: cirrhosis), transient (e.g.: hyperthyroidism), or 

captured elsewhere (e.g.: bradycardia admission to hospital). (E) Assumed medications refilled 

every 3 months. Alberta dispensing fee is $12.25 per fill.  



Table S2. Health Utilities Associated With Outcomes. 

  Health Utility Probability Distribution Sources and Assumptions 

Survival - Utilities    

AF and HF 0.66 (0.51-0.78) Beta, a = 30.56, b = 15.74 SR of Dyer et al., 2010 (A) 

Decrement associated with 
previous stroke -0.187 (-0.281-(-0.093)) Normal, u = -0.187, s = 0.048 

Based on moderate vs minor stroke 
(B) 

Irreversible amiodarone-
induced pulmonary toxicity 0.60 (0.503-0.693) Beta, a = 60, b = 40 Previous cost-utility study (C) 

Outcomes      

Hospitalization, HF 0.25 -- 
Assumed, for duration of 
hospitalization.  

Hospitalization, non-HF 0.25 -- 
Return to previous health utility post-
discharge. 

Mortality 0 --  

 (A) Based on mean EQ-5D values from studies with 0-67% NYHA III/IV patients reported in the 
systematic review of Dyer et al. 2010 (34). A credible interval was considered the range of mean 
EQ-5D for these studies, i.e.: 0.58-0.78. (B) From (47). (C) From (29). 
 

  



Table S3. Base Case Results – CA vs MED – Cost and Events Enumeration. 
 
 

 CA 
($CAD) 

MED 
($CAD) 

Cost (discounted)   

Total cost $64,960 $49,865 

CA costs $12,563 $815 (A) 

CA complications $1,312 $0 (A) 

HF admissions $13,332 $13,909 

Non-HF admissions $20,328 $18,685 

Other medical costs (HF and AF 
management only) 

$17,425 $16,456 

Effectiveness   

LY (undiscounted) 10.58 9.69 

QALY (discounted) 5.63 5.18 

Other outcomes (undiscounted)   

HF admissions 1.05 1.07 

Non-HF admissions 1.70 1.56 

Amiodarone pulmonary toxicity 
cases 

0.02 0.03 

 
 

Obtained from expected values of probabilistic analysis. “Other medical costs” taken as the 
remainder of total costs after subtracting other costs. Costs in 2018 Canadian dollars (Table 
S3a) denominated in 2018 US dollars (Table S3b) by foreign currency exchange rates. (A) Due 
to cross-over, where medically managed patients end up getting catheter ablation for refractory 
symptoms or other reasons. Such an event was considered uncommon enough that peri-
procedural complications after a cross-over CA in a MED patient were not modeled. 
 

 

  



Table S4. Base Cases Analysis with Discount Rate of 1.5% per Year. 

  95% Confidence 
Interval 

Cost (discounted)   

... CA $70,059 $60,084-81,569 

... MED $54,634 $46,168-64,556 

Effectiveness (QALY, discounted)   

... CA 6.22 4.84-7.47 

... MED 5.71 4.47-6.83 

Incremental   

… Cost ($CAD) $15,425 $10,761-20,281 

… Effectiveness (QALY) 0.51 0.18-0.78 

Incremental Cost-Effectiveness    

… ICER ($CAD/QALY) $31,348 $19,772-69,326 

 

At a willingness-to-pay threshold of $50,000/QALY, CA was cost-effective in 93% of simulations. 

 

 



Figure S1. Cost-Utility Model Comparing CA versus Medical Therapy for AF in patients with HF as a state transition 
diagram. 

 

As rendered in TreeAge Pro 2019 (TreeAge Software, LLC, Williamstown, MA). 

 

 

 

 



Figure S2. Scatterplot of Incremental Cost-Effectiveness Outcomes From Probabilistic 

Analysis (10000 Monte Carlo Resamplings). 

Incremental cost and WTP denominated in 2018 Canadian dollars. WTP line drawn at $50,000 
CAD/QALY.  



Figure S3. Cost-Effectiveness Acceptability Curve – CA vs MED for Patients with HF and 

Symptomatic AF.  

 

Willingness-to-Pay (WTP) denominated in 2018 Canadian dollars (CAD). At WTP threshold of 

$50,000/QALY, in 90% of simulations CA was cost-effective compared to MED. CA remained 

cost-effective in over 80% of simulations for WTP thresholds above $43,000. At a WTP 

threshold of $100,000/QALY, CA was cost-effective in over 98% of simulations. 

 

 

 


