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ABSTRACT
Background: There is a paucity of Canadian studies using patient-level
data to analyze the costs of catheter ablation (CA) for atrial fibrillation
(AF). We sought to identify the health care resource use, costs, and
cost predictors of CA.
Methods: A cost analysis was performed in a population of AF patients
treated with CA in Central Zone Nova Scotia from 2010 to 2018. Costs
were compared 2 years before ablation (pre-CA) with costs 2 years
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RÉSUMÉ
Contexte : Il existe peu d’�etudes canadiennes utilisant des donn�ees
sur les patients pour analyser les coûts de l’ablation par cath�eter (AC)
de la fibrillation auriculaire (FA). Notre �etude visait à d�eterminer l’uti-
lisation des ressources de sant�e, les coûts et les facteurs pr�edictifs du
coût de l’AC.
M�ethodologie : Une analyse des coûts a �et�e r�ealis�ee au sein d’une
population de patients atteints de FA trait�es par AC dans la r�egion
Atrial fibrillation (AF) is a common cardiac arrhythmia treated
with the intent to prevent morbidity and improve quality of
life.1 Observational studies have shown that patients with AF
are high users of health care resources as a result of increased
morbidity and AF progression.2-4 There is also mounting
evidence that catheter ablation (CA) leads to reductions in
health care resource use (HCRU) thereafter.5-8

CA is often a part of the standard of care for the treatment
of AF because of its improved efficacy in providing symptom
relief and reducing arrhythmia burden compared with anti-
arrhythmic drugs (AADs).9 CA is a costly procedure, but can
reduce progression and complications of AF, and might thus
provide cost-effectiveness benefits.10 Berman et al. estimated a
21%-26% reduction in cardiovascular-related health care en-
counters in AF patients treated with CA.11 Furthermore, their
model identified that CA could provide greater cost savings
and quality-adjusted life years (QALYs) for patients in early
AF.
Previous Canadian studies on the cost-effectiveness of CA
in patients with AF have shown that CA is cost-effective in
patients with heart failure (HF)12 and patients at low risk of
stroke13 compared with AADs. Several modelling studies in
other jurisdictions have also been performed to assess the cost-
effectiveness of CA compared with AADs.14-20 Although the
willingness-to-pay threshold varies among studies, they show
greater costs associated with CA and QALY improvements
ranging from 1.1 to 0.1 QALYs compared with AADs. These
studies used economic modelling methods on the basis of
published observational studies to arrive at these conclusions.
A more recent analysis of the Catheter Ablation vs Antiar-
rhythmic Drug Therapy for Atrial Fibrillation (CABANA)
trial population showed that CA is cost-effective on the basis
of the incremental benefit in QALYs but not in life years
provided compared with AADs.21 Although the current evi-
dence points to CA as a cost-effective treatment modality,
there is a paucity of Canadian studies using patient-level data
to ascertain the value of CA compared with AADs.

The goal of this study was to build on the current evidence
and further assess the HCRU and costs associated with CA.
This was assessed by comparing the costs associated with AF
management 2 years before CA (pre-CA) with 2 years after
CA (post-CA). Additionally, the costs of patients treated with
contact force sensing (CFS) technology were compared with
those treated with non-CFS CA.
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after (post-CA); the 3-month period post-CA was defined as the treat-
ment window. Costs were also compared according to CA technology
defined as before 2015 for patients treated with non-contact force
sensing CA and after 2015 for patients treated with contact force
sensing CA.
Results: Heart failure hospitalizations, AF-related emergency depart-
ment visits, acute inpatient admissions, and cardioversions all
decreased after ablation. The cost difference post-CA vs pre-CA was
CAD$18,869 (95% confidence interval [CI], $15,570-$22,168). This
increase in costs was driven by costs incurred during the treatment
window, which was $21,439 (95% CI, $20,468-$22,409). After
excluding treatment window costs, the mean year 1 post-CA cost was
$11,223 (95% CI, $9113-$13,334) and year 2 post-CA cost was
$4555 (95% CI, $3145-$5965); both were lower than the pre-CA
costs. Costs remained stable over the time frame of the study
period, with no influence from new technologies on cost. The post-CA
cost difference between the post-2015 and pre-2015 groups was
$2573 (95% CI, -$2336 to $7481).
Conclusions: We showed that although CA is expensive, it might be a
cost-effective treatment modality for AF because of the associated
reduction in costs and health care resource use.

sociosanitaire Central de la Nouvelle-Écosse entre 2010 et 2018. Nous
avons compar�e les coûts 2 ans avant l’ablation (pr�e-AC) aux coûts 2
ans après l’ablation (post-AC); la p�eriode de 3 mois suivant l’AC �etait
d�efinie comme l’intervalle th�erapeutique. Nous avons ensuite compar�e
les coûts en fonction de la technologie d’AC utilis�ee avant 2015 chez
les patients trait�es par AC sans capteur de force de contact et après
2015 chez les patients trait�es par AC avec capteur de force de contact.
R�esultats : Le nombre d’hospitalisations pour insuffisance cardiaque,
de visites à l’urgence li�ees à la FA, d’admissions aux soins intensifs et
de cardioversions a diminu�e après l’ablation. La diff�erence de coûts
entre la post-AC et la pr�e-AC �etait de 18 869 $ CA (intervalle de
confiance [IC] à 95 %, 15 570 $ à 22 168 $). Cette hausse est
attribuable aux coûts engag�es durant l’intervalle th�erapeutique, qui se
sont chiffr�es à 21 439 $ (IC à 95 %, 20 468 $ à 22 409 $). Une fois les
coûts li�es à l’intervalle th�erapeutique exclus, le coût moyen post-AC à 1
an �etait de 11 223 $ (IC à 95 %, 9 113 $ à 13 334 $) et à 2 ans, de
4 555 $ (IC à 95 %, 3 145 $ à 5 965 $) : ces deux montants �etaient
inf�erieurs aux coûts pr�e-AC. Les coûts sont demeur�es stables au cours
de la p�eriode de l’�etude et n’ont pas �et�e influenc�es par les nouvelles
technologies. La diff�erence de coûts post-AC entre les groupes trait�es
après 2015 et les groupes trait�es avant 2015 �etait de 2 573 $ (IC à
95 %, -2 336 $ à 7 481 $).
Conclusions : Nous avons d�emontr�e que même si l’AC est une inter-
vention coûteuse, elle pourrait être une modalit�e de traitement rent-
able de la FA en raison de la r�eduction des coûts et de l’utilisation
moindre des ressources de sant�e.
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Methods
A cost analysis was conducted from a health care payer

perspective.22 The study population included AF patients
treated with CA at the QEII heart rhythm lab between 2010
and 2018. All patients residing outside of Nova Scotia Health
Central Zone were excluded from the study using postal codes
documented in the Heart Rhythm database. This subset of the
patient population was excluded to permit acquisition of
reliable emergency department (ED) visit data.

Study design, setting, and location

The study was designed as a before-and-after analysis of AF
patients treated with CA at the QEII Health Sciences Centre
in Halifax, Nova Scotia. The 2 years pre-CA when patients
were receiving medications was considered the control and the
2 years post-CA as the intervention in the primary analysis.
For each patient, 3 time points were identified: 2 years before
ablation, a treatment window of 3 months from the index
ablation date, and 2 years after ablation. In a secondary
analysis, costs were compared according to the use of CFS
catheters, which were introduced in 2015. Patients who had
CA before 2015 were considered to have been treated with
non-CFS technology and those treated after 2015 were
considered to have been treated with CFS. CFS was the
intervention and non-CFS the control for the analysis. Any
CA taking place after the index CA date was considered a
reablation. The study timeline is summarized in Figure 1.

Health resource use and costs

Patient-level data on the number of HF hospitalizations,
AF-related ED visits, AF-related hospitalizations, and same-
day cardioversions were obtained from data linkage to the
Emergency Department Information System (EDIS) and
the Discharge Abstract Database. The EDIS is similar to the
National Ambulatory Care System database. The QEII case
costing centre compiles resource use data (inpatient admis-
sion, surgery, medical imaging, medication, laboratory tests,
allied health labour, outpatient visits, and ED visits), assigns
costs, and estimates the cost per case of patients assigned to a
given case mix group. Physician fees are not included. This
database was used to determine hospitalization costs. The
EDIS and Discharge Abstract Database collect demographic,
administrative, and clinical data from patients discharged from
acute inpatient facilities and qualify them under case-mix
group designations. The cost per HF hospitalization was the
mean of case-mix groups; 195 (HF with coronary angiogram)
and 196 (HF without coronary angiogram). The cost per ED
visit comprised cost per case, ground ambulance, and
specialist consultation fees. The cost per case came from the
QEII case costing centre, and the specialist consultation fees
were derived from the Nova Scotia Medical Services Insurance
Physician Manual.23 The acute care inpatient cost per event
was a mean of case-mix groups; 179 (cardiac conduction
system intervention), 201(arrhythmia with coronary angio-
gram), and 202 (arrhythmia without coronary angiogram),
also from the case costing centre. The CA procedure costs
came from the QEII case costing centre. The relevant
specialist costs associated with the CA procedure were also
extracted from the Nova Scotia Physician manual. The cost
per same-day AF cardioversion was on the basis of the
Comprehensive Ambulatory Classification System code 201
and came from the case costing centre. The Comprehensive
Ambulatory Classification System is another case-mix
grouping system that is used to assign costs to patients
admitted to ambulatory care settings using a unifying



Figure 1. Study time line. CA, catheter ablation.
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classification code. All costs were measured in 2021 Canadian
dollars and are summarized in Supplemental Table S1.

Patient characteristics

Patient characteristics included age at ablation, age at first
AF-related ED admission, sex, and time from first ED
admission for AF to ablation.

Statistical analysis

Categorical variables were reported as frequencies and
percentages for the entire sample and stratified according to
ablation technology. Continuous variables were summarized
by calculating the mean, standard deviation, median, and
interquartile range where appropriate. Patient characteristics
were compared according to ablation technology using the
Pearson c2 test, 2-sample t test with unequal variances, and
the median test. The uncertainty around calculated estimates
was quantified using 95% confidence intervals (CIs) con-
structed from bootstrapping (1000 replications). A 2-sample t
test with nonparametric bootstrapping was used to compare
the mean cost per case for all AF patients for AF management
pre- and post-CA.

An augmented inverse probability weighting model with a
lasso variable selection and 10-fold cross-validation was used
to compare the mean cost per case according to CA tech-
nology in the pre- and post-2015 subgroups.24-27 Augmented
inverse probability weighting is used to estimate differences in
outcomes in observational studies. It combines inverse prob-
ability weighting with augmentation to adjust for confound-
ing variables. This method identifies the most relevant
variables that contribute to outcome differences while avoid-
ing overfitting and improving the model’s
generalizability.25-27 The covariates in the outcome model
included pre-CA costs (where relevant), age, sex, and repeat
ablation. Age and sex were the covariates included in the
treatment model, with the type of CA technology (contact
force ¼ 1, otherwise ¼ 0) being the dependent variable. A
generalized linear model with a log link function and gamma
distribution to estimate the model was used to identify the
demographic characteristics that predict higher costs.28 A 95%
CI that excludes zero in all cases signifies a statistically sig-
nificant difference at P < 0.05. All statistical analyses were
performed using Stata, version 18 (StataCorp, College Station,
TX).
Results

Study population demographic characteristics

Of the 346 patients who met inclusion criteria, 211 (61%)
underwent ablation before 2015, and 135 (39%) after 2015
using CFS technology (Table 1). There was no statistically
significant difference in age at the time of ablation, sex, or age
at the time of first AF-related ED admission according to CA
type. However, the mean time in months from the first ED
presentation for AF to ablation was higher in the post-2015
group (20 � 32 months) compared with those who under-
went ablation before 2015 (15 � 20 months; Table 2).

HCRU

Overall, 138 (39.8%) patients underwent repeat ablation
procedures; however, there was no statistical difference in the
number of repeat ablations over time (Supplemental
Table S2). The number of patients with AF-related ED
visits post-CA was 3 in the pre-2015 group and 13 in the
post-2015 group (Supplemental Table S3). Within each
ablation technology, the number of patients requiring HF
hospitalizations, AF-related ED visits, acute care inpatient
stays, and same-day cardioversions decreased post-CA
(Supplemental Table S3).

Cost differences

The mean cost in the pre-CA period for the total sample
was CAD$18,348 (95% CI, $16,188-$20,509). The cost was
higher in the 1 year pre-CA than in the 2 years pre-CA
(Fig. 2A; Supplemental Table S4). However, the mean costs
(95% CI) increased in the post-CA period to $37,217
($34,235; $40,199), driven mainly by the mean costs
incurred in the treatment window of $21,439 (95% CI,
$20,468-$22,409). The mean cost in the post-CA period,



Table 1. Cost* differences according to ablation technology

Full sample,
mean (95% CI)

Post-2015,
mean (95% CI)

Pre-2015,
mean (95% CI)

Cost difference,
mean (95% CI)y

Pre-CA (pharmacological
management)

18,348 (16,188; 20,509) 23,522 (19,880-27,165) 15,037 (12,442-17,632) 9054 (4663-13,446)

Post-CA 37,217 (34,235; 40,199) 39,226 (33,742; 44,709) 35,932 (32,498; 39,366) 2573 (-2336 to 7481)
Difference: post-CAepre-CA 18,869 (15,570-22,168)z 15,703 (9886-21,521)z 20,895 (17,233; 24,555)z -

The pre-2015 sample represents patients who were treated with non-contact force sensing CA and the post-2015 group represents patients treated with contact
force sensing CA.

CA, catheter ablation; CI, confidence interval.
* All values are CAD$.
yDifferences in costs estimated using an augmented inverse probability of treatment weighting with lasso variable selection (10-fold cross-validation) model with

95% CI constructed from robust standard errors.
z 95% CI constructed from bootstrapped (1000 replications) standard errors.
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excluding the treatment window, was $15,778 (95% CI,
$13,122-18,434; Fig. 2B). The estimated cost difference pre-
post was $18,869 (95% CI, $15,570-$22,168), and there was
no statistically significant difference in the post-CA costs ac-
cording to time period (Table 1).

Predictors of high costs

Patients who had repeat ablations had higher post-CA costs
than those who did not, with a statistically significant cost
difference of $33,710 (95% CI, $28,891- $38,529; Table 3).
Similarly, patients aged 65 years or older at the time of
ablation had higher costs post ablation than those younger
than 65 years, with a cost difference of $6041 (95% CI,
$1397-$10,685).
Discussion
The results show that treating AF with CA results in re-

ductions in HCRU. After excluding the cost of CA, this
reduction is accompanied by reductions in costs that are
sustained for the first and second years post-CA compared
with the costs incurred in the year pre-CA. There was no
significant difference in costs in the post-CA period before and
after 2015; however, there was a significant difference in the
pre-CA period.

Similar to these results, several observational studies of
health care resource utilization post-CA also show significant
reductions during the 1-2 years post-CA compared with the
1-2 years pre-CA because of the decrease in arrhythmia
recurrence associated with CA compared with AADs.9

Furthermore, CA at a younger age and early in the
Table 2. Study population demographic characteristics

Full sample (N ¼ 346) Pr

Female sex, n (%) 106 (31)
Age at the time of CA
Mean (SD), years 58 (10)
65 Years or older, n (%) 106 (31)
Mean age at first AF-related ED visit

(SD), years
57 (10)

Mean time from first ED admission for
AF to CA (SD), months

17 (26)

The pre-2015 sample represents patients who were treated with non-contact forc
force sensing CA.

AF, atrial fibrillation; CA, catheter ablation; ED, emergency department; SD, st
diagnosis might lead to greater reductions in HCRU because
of improved outcomes.29 AF patients who are more co-
morbid achieve greater benefits from CA, including re-
ductions in hospitalization rates.30,31 The mean time from
the first AF-related ED visit to CA in the study sample was
17 months. Therefore, the benefits of reducing recurrences
and disease progression might not have been fully realized in
the study sample. Because there were reductions in resource
use, reduced costs post-CA were identified after the exclusion
of the treatment window costs. This decrease in costs was in
the CFS and non-CFS groups. There are reports in the
literature regarding the association of higher costs and
increased age and repeat ablation.6,32 Long-term outcomes of
AF ablation have shown that younger age at the time of CA is
a significant predictor of freedom from AF.33 It is possible
that older patients are less likely to be free of AF post-CA and
require repeat CA for adequate AF control.

The main determinants of costs and cost-effectiveness of
CA are the costs incurred during the treatment window and
those after ablation. Ablation itself requires preprocedural
imaging, staffing, specialist fees, specialized equipment and
technologies, and hospitalization post-CA. It is expected that
the cost and cost-effectiveness of CA will improve as these
aspects of CA are optimized. Improvements in each of these
aspects are required to sustain the high number of AF abla-
tions nationwide.

CA has consistently been shown to be superior to AADs in
improving the quality of life of patients,5 regardless of AF
recurrence or the need for reablation.34 It is likely that CA is
cost-effective on the basis of previous analyses that show a
significant QALY benefit that justifies the high cost of CA.
e-2015 (n ¼ 211; 61%) Post-2015 (n ¼ 135; 39%) P

58 (27) 48 (36) 0.112

58 (10) 58 (10) 0.826
69 (33) 37 (27) 0.297
57 (10) 57 (10) 0.599

15 (20) 20 (32)

e sensing CA and the post-2015 group represents patients treated with contact

andard deviation.



Figure 2. Summary cost (in CAD$) statistics (A) Pre- vs post-CA and (B) over time according to time period of CA. CA, catheter ablation.
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The willingness-to-pay threshold is the national standard at
which a medical intervention is deemed cost-effective. This is
optimally a shared decision between those who contribute to
the funds allocated for health care spending and those who
benefit from the treatment in question.35 The Canadian
Agency for Drugs and Technologies in Health does not
publish willingness-to-pay or incremental cost effectiveness
ratio (ICER) thresholds for new drug and technology assess-
ments. Meanwhile, the Ontario Ministry of Health recom-
mended an ICER threshold of $40,000-$60,000 per QALY
in its letter to the Ombudsman of Ontario’s economic analysis
of bevacizumab for colorectal cancer.36 These points highlight
the complexity of these decisions as a single-payer health
system in Canada, where health spending must balance the
needs of those affected while allocating funds for all. The
Canadian health system, however, does accept the cost-
effectiveness of facility-based hemodialysis with an incre-
mental cost-utility ratio of $103,779 per QALY37 and if this is
an acceptable threshold then CA might also be similarly
acceptable to Canadian taxpayers.

The only previous Canadian study to assess the cost-
effectiveness of CA was performed by Lau et al.,12 in
which the costs of CA were simulated in a population of AF
patients with HF. Their results showed an incremental
QALY gain of 0.45, an incremental cost of $15,095, and an
ICER of $35,360 per QALY from CA. Their analysis yielded
lower incremental costs because of the lower unit costs of
several factors including admissions and the cost of CA. The
QALY benefit estimated in their study might have been a
product of the population they simulated. Their population,
selected for HF, might have had a baseline quality of life that
was poorer and subject to greater improvements from CA.
These differences might explain the variability in ICER es-
timates in the literature; however, they continue to show that
CA is a cost-effective treatment modality for AF. As a single-
payer health care system in Canada, this cost analysis can
continue to guide judicious public health investment into the
treatments that yield the greatest benefit for Canadians.
Although CA is a greater initial investment compared with
coverage for AADs, the evidence presented suggests that
there might be substantial future costs avoided by treating
patients with CA. Moreover, patient quality of life is likely to
improve even more with CA. Studies of patient outcomes
show continued freedom from AF up to 15 years post-CA.33

It is possible that with long-term freedom from AF post-CA
that HCRU, costs, QALY improvements and cost-
effectiveness would all be improved by diverting patients
away from AF progression.



Table 3. Patient characteristics influencing post-CA costs*

Variable Post-CA cost difference P

CA Time Period
Pre-2015 Reference
Post-2015 83 (95% CI, -4246 to 4411) 0.970

Sex
Male Reference
Female -219 (95% CI, -4038 to 3600) 0.911

Age category at time of CA
Younger than 65 years Reference
65 Years or older 6041 (95% CI, 1397-10,685) 0.011

Repeat ablation
No repeat Reference
Repeat CA 33,710 (95% CI, 28,891-38,529) < 0.001

The results are from an adjusted generalized linear model with a gamma
family and a log link function with bootstrapping. The variables included in
the model were pre-CA costs, age at time of CA, CA technology, repeat
ablation, and sex. The pre-2015 sample represents patients who were treated
with non-contact force sensing CA and the post-2015 group represents pa-
tients treated with contact force sensing CA. P-values that are bolded highlight
significance.

CA, catheter ablation; CI, confidence interval.
* All cost values are CAD$.
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Study limitations

There are limitations to this study. This analysis is limited
in estimating the long-term costs of CA because of limited
follow-up time. As a pre-post study design, the study sample
was retrospectively selected on the basis of a registry of AF
patients treated with CA. Therefore patients who used AADs
with success and did not require CA were not included. This
selection biased the sample to be one that was less comorbid
and with more severe AF destined for CA. The database did
not have a record of which ablation patients were paroxysmal
or persistent AF phenotype. However, many patients in this
study had persistent AF or longstanding persistent AF,
because almost 40% of the total population underwent at least
1 reablation, and the mean time from the first ED visit for AF
to ablation was 17 months. This might have biased the
population to a subset of AF patients who required repeat
ablation for adequate AF control, making their management
more costly. Finally, the analysis could not be used to assess
cost-effectiveness because there were no QALY data available.
However, because of the evidence in the literature that shows
QALY improvements from CA, it is expected that CA is a
cost-effective treatment modality for AF.

Conclusion

CA might be a cost-effective treatment modality compared
with pharmacological management in Canada on the basis of
our analysis, which shows improvements in costs post-CA and
reductions in HCRU. Further, CA, in the long term, might
offer continued freedom from AF for a subset of patients and
prevent disease progression. These advantages might justify
the greater initial investment of treating AF patients with CA
earlier, which could be offset by long-term savings.
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