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Abstract

Background: Left atrial ablation to obtain pulmonary vein isolation (PVI) for the treatment of 

atrial fibrillation (AF) is a technologically intensive procedure utilizing innovative and continually 

improving technology. Changes in the technology utilized for PVI can in turn lead to changes 

in procedure costs. Because of the proximity of the esophagus to the posterior wall of the left 

atrium, various technologies have been utilized to protect against thermal injury during ablation. 

The impact on hospital costs during PVI ablation from utilization of different technologies for 

esophageal protection during ablation has not previously been evaluated.

Objective: To compare the costs of active esophageal cooling to luminal esophageal temperature 

(LET) monitoring during left atrial ablation.

Methods: We performed a time-driven activity-based costing (TDABC) analysis to determine 

costs for PVI procedures. Published data and literature review were utilized to determine 

differences in procedure time and same-day discharge rates using different esophageal protection 

technologies and to determine the cost impacts of same-day discharge versus overnight 
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hospitalization after PVI procedures. The total costs were then compared between cases using 

active esophageal cooling to those using LET monitoring.

Results: The effect of implementing active esophageal cooling was associated with up to a 

24.7% reduction in mean total procedure time, and an 18% increase in same-day discharge rate. 

TDABC analysis identified a $681 reduction in procedure costs associated with the use of active 

esophageal cooling after including the cost of the esophageal cooling device. Factoring in the 18% 

increase in same-day discharge resulted in an increased cost savings of $2,135 per procedure.

Conclusions: The use of active esophageal cooling is associated with significant cost-savings 

when compared to traditional LET monitoring, even after accounting for the additional cost of 

the cooling device. These savings originate from a per-patient procedural time savings and a 

per-population improvement in same-day discharge rate.
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Pulmonary vein isolation; atrial fibrillation; radiofrequency ablation; atrioesophageal fistula; 
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Introduction

Left atrial ablation using radiofrequency (RF) energy to obtain pulmonary vein isolation 

(PVI) for the treatment of atrial fibrillation (AF) is a technologically intensive procedure 

utilizing innovative and continually improving technology1,2. Because AF is the most 

common type of heart arrhythmia, with an estimated 2.7 to 6.1 million people in the United 

States having been diagnosed with AF3, and a prevalence expected to increase to 5.6 million 

to 12.1 million by 20304, PVI is increasingly being utilized5. As expected, changes in the 

technology utilized for PVI can in turn lead to changes in procedure costs6–8.

One variable affecting the procedure is the type of esophageal protection strategy chosen to 

use during the procedure. Because of the proximity of the esophagus to the posterior wall 

of the left atrium, various technologies have been utilized to protect against thermal injury 

during ablation9. The traditional standard of care, luminal esophageal temperature (LET) 

monitoring, alerts electrophysiologists when the temperature in the esophagus has reached 

dangerous levels, but optimal temperature cutoffs are unknown, and randomized controlled 

trials have not demonstrated benefits with this approach10,11. Additionally, temperature 

elevations necessitate pauses in RF energy delivery, which can increase procedure duration 

and reduce long-term procedural efficacy12,13.

Alternatively, a newer device is available that provides active esophageal cooling to 

proactively dissipate heat in the esophagus (Figure 1)14. The device is a multi-lumen 

silicone tube allowing a closed-circuit flow of water as a coolant, which directly cools 

the esophagus once placed. The largest study of this device randomized 120 patients 1:1 

with a control group of LET monitoring with a single-sensor temperature probe. Thermal 

injury to the mucosa was significantly more common in the control group than in those 

receiving esophageal cooling (12/60 vs. 2/60; p = .008), with a trend toward reduction 

in gastroparesis (6/60 vs. 2/60, p = .27)14. This use of this approach avoids the need for 
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pauses during ablation, which in turn has been shown to reduce procedure duration15. For 

example, a formal study of procedure duration examined procedural data of almost 400 

patients undergoing PVI in a healthcare system, comparing the data between patients treated 

with LET monitoring to those treated with active esophageal cooling. Mean procedure 

time was 146 ± 51 min in the LET-monitored patients, and 110 ± 39 min in the actively 

cooled patients (a reduction of 36 min, or 24.7% of total procedure time), while median 

procedure time was 141 (interquartile range 104–174) min in the LET-monitored patients 

and 100 (interquartile range 84–122) min in the actively cooled patients (a reduction of 41 

min, or 29.1% of total procedure time)15. Additionally, active cooling has been reported 

to reduce postoperative symptoms such as chest pain, which may facilitate an increased 

rate of same-day discharge16. Finally, active esophageal cooling has been shown to reduce 

fluoroscopy requirements, reduce esophageal injury transmurality, and improve long-term 

freedom from arrhythmias while also reducing operator cognitive load17–20. The impact 

of choice of esophageal protection method on hospital costs however has not previously 

been evaluated, but the importance of cost containment continues to increase21. With the 

growing use of PVI, and the significant costs of these procedures, a valuable opportunity 

exists to reduce cost to the healthcare system. Therefore, we sought to quantify the costs 

of PVI procedures and compare any differences in costs between procedures utilizing LET 

monitoring and those using active esophageal cooling as esophageal protection strategies. 

Our specific aim is to identify opportunities for cost savings to the overall healthcare system.

Methods

For this analysis the Consolidated Health Economic Evaluation Reporting Standards 

(CHEERS) statement and guidelines served as our framework to attempt to maximize 

interpretability and usefulness of the findings22. In particular, we utilized the expanded and 

updated CHEERS 2022 statement, intended to be used for any form of health economic 

evaluation22,23.

Health economic analysis plan

Although this analysis utilized a structured time-driven activity-based costing (TDABC) 

analysis utilizing literature review to determine costs for cardiac radiofrequency ablation 

procedures, a formal health economic analysis plan was not created.

Study population

The study population includes patients undergoing PVI RF ablation of the left atrium of the 

heart, using either traditional LET monitoring or active esophageal cooling as the method of 

esophageal protection. No restrictions on age, the severity of the disease, or the number of 

comorbidities were placed, and the population is representative of those undergoing PVI in 

general. For example, a mean age of 67 years, and gender 37% female, with comorbidities 

of hypertension (67%), diabetes (19%), coronary disease (19%), and congestive heart failure 

(7%) is reported15,24,25
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Setting and location

Patients were treated in electrophysiology departments of either community-based or 

academic hospitals, all within the United States.

Comparators

We compared procedural data, outcomes, and costs between two primary strategies to 

esophageal protection during PVI RF ablation. One strategy is LET monitoring, which can 

utilize either single-sensor, or multi-sensor temperature probes. The other strategy is active 

esophageal cooling, which utilizes a single device (ensoETM, Attune Medical, Chicago, IL).

Perspective

We performed this analysis from the perspective of the hospital system, representing the 

institutional system incurring the costs of the procedures, and receiving the reimbursement 

for procedures from government or third-party payers.

Time horizon

A time horizon focusing on acute procedural costs, and the impacts of procedural outcomes 

on these costs, was chosen. Although growing data suggest that long-term procedural 

efficacy may be improved with the use of active esophageal cooling26–29, we did not factor 

this effect into our analysis.

Discount rate

Because our focus was on the acute procedural costs rather than on long-term economic 

impacts, we utilized a discount rate of 0%.

Selection, measurement, and valuation of outcomes, resources, and costs

To determine procedural costs and the differences between procedures using LET 

monitoring and active esophageal cooling, we focused on the outcomes of time to complete 

each procedure and the effect on same-day discharge rate. These outcomes were obtained 

from existing data published or presented comparing procedural differences between LET 

monitoring and active esophageal cooling15,30,31, and published data on cost savings 

associated with same-day discharge after PVI procedures32. Finally, costs used in the model, 

such as staff costs, lab space costs, consumables, and capital equipment were obtained from 

existing online sources and various publications from literature review33–42. Valuation of 

outcomes was strictly based on hospital costs.

Currency, price date, and conversion

Our analysis utilized U.S. dollar currency, using prices in 2022 U.S. dollars, but including 

some pricing data from the time frame of 2013–2022. Conversions to 2022 U.S. dollars 

were performed using the non-seasonally adjusted medical care consumer price indices. No 

conversions to other currencies were made.
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Rationale and description of model

The costing model employed a time-driven activity-based costing (TDABC) analysis, 

which is a methodology that measures productivity and capacity utilization and identifies 

performance improvements such as streamlining staffing can be useful to identify costs 

as patients move through a continuum of care during any given procedure43. TDABC 

systems have been used across many industries as a management tool to measure costs but 

have not gained universal appeal in the healthcare industry due to technical and resource 

constraints involved for process mapping. TDABC is a cost accounting system that can be 

used to calculate actual healthcare services costs44. TDABC involves process-mapping the 

clinical tasks involved in left-atrial ablation, and then utilizing personnel costs to calculate 

cost-per-minute for each staff member45. Figure 2 shows the process map created for this 

analysis. Since the variation in competing approaches between LET monitoring and active 

esophageal cooling occurs during the procedure itself, we focused our detailed process map 

on the intra-procedure time. A key assumption we have made is that there is no difference 

in process maps between LET and active esophageal cooling in the pre-procedure and post-

procedure steps (excepting decreased rate of admission), which we believe is a reasonable 

assumption. For this analysis, once staff per-minute costs were estimated, published data on 

ablation procedure duration and consumable costs were utilized to calculate time costs on a 

per-procedure and daily basis. The cost savings from same day discharge were derived from 

an economic analysis of the barriers and financial impact of this approach on length of stay 

management. Specifically, we estimated cost savings of operating an overnight hospital bed 

from hospital adjusted expenses per inpatient day32.

Analytics and assumptions

Our analysis assumes each procedure involves one electrophysiologist, two registered 

nurses, and two lab technicians per procedure. A total of 70% of procedure time is allocated 

to the electrophysiologist, 20% of the time to lab technicians, and 10% of the time to the 

registered nurses. A total of 200 lab days per year and a standard 8-h or 480-min workday 

were assumptions for this analysis. No statistical transformation or extrapolation methods 

were required.

Characterizing heterogeneity

We address heterogeneity by performing additional sensitivity analyses as discussed below. 

Specifically, we performed further analyses by considering significant heterogeneity (up to 

50% variation) in the main drivers of outcome, procedure time and same-day discharge rate. 

We assume homogeneity across the population in the study, since published data incorporate 

the expected range of heterogeneity in patient baseline characteristics and risks.

Characterizing distributional effects

Distributional concerns were not evaluated in this analysis.

Characterizing uncertainty

We performed additional analyses assuming as much as a 50% worse time savings and 

same-day discharge improvement to allow for large margins of uncertainty in the outcome. 
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While TDABC is designed for relatively accurate information to estimate the costs of 

services provided to patients, estimating the cost and time required for hospital activities 

is a subjective and uncertain task. Healthcare costs often vary according to physician and 

personnel performance and are often highly varied due to uncertainty involved in staff 

capacity and performance. This paper aims to present a hybrid model for estimating the 

costs of healthcare services using literature review and TDABC methodology to overcome 

the limitations and deficiencies associated with data estimation or uncertainty in TDABC 

input data such as cost, capacity, and time to determine the exact cost of a PVI ablation 

procedure.

Approach to engagement with patients and others affected by the study

At this point, engagement with patients and other stakeholders affected by this analysis has 

not occurred. The authors anticipate that the results will provide data of value to patients and 

hospitals.

Results

Study parameters

Input values are as shown in the tables below. Specifically, staff costs including fringe 

benefits, consumables costs, space costs, and capital equipment costs are shown in Tables 

1–4.

Summary of main results

As described above, median procedural time for ablations using LET monitoring and 

cooling was reported to be 141 [IQR 104 to 174] min in LET-monitored patients and 100 

[IQR 84–122] min in actively cooled patients (Figure 3)15.

These procedure times affect lab occupancy as shown in Figure 4. Occupancy is defined as 

the percentage of time in an 8-hour day (480 min) that a single case occupies.

Costs for the staff involved in ablation procedures are shown in Figure 5.

Daily costs for staff, consumables, capital equipment, and laboratory space are as shown in 

Figure 6.

Combining these costs into per-procedure estimates results in the estimates as shown in 

Figure 7, which includes estimates of profit per procedure based on 2021 average DRG 

payment36.

Incorporating the savings from same-day discharge after atrial fibrillation ablation, which 

has been estimated at $8082 (adjusted to 2022 dollars using CPI) as a result of the 

reimbursement available from the bed made available by discharging on the same day as 

the procedure rather than admitting for overnight observation32, results in the total costs 

and profit as shown in Figure 8. This incorporates the 18% absolute improvement in 

same-day discharge reported in published data30. A study of 164 patients who underwent 

RF ablation between January 2020 and January 2022 was performed to compare same-day 
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discharge rates between 63 patients treated with LET monitoring and 101 patients treated 

with active esophageal cooling. Of the patients treated with LET monitoring, 13 (20.6%) 

were discharged within 12 h of admission compared to 39 (38.6%) of the patients treated 

with active esophageal cooling, for an absolute improvement in same-day discharge rate of 

18% (p = .016)30.

Effect of uncertainty

To examine the effect of uncertainty or possible heterogeneity around the primary drivers 

of the cost differences found, we performed additional sensitivity analyses, evaluating the 

influence of a 50% reduced procedural time savings and same-day discharge rate, on 

outcomes. Incorporating only a 20-min reduction in procedure duration (rather than the 

reported 41-min reduction in procedure duration) when utilizing active cooling as compared 

to luminal esophageal temperature monitoring, the increased cost attributed to increased 

staff and capital equipment time is $336. The increased cost from a 29.6% same-day 

discharge rate rather than the reported 38.6% discharge rate is $727. In total, the overall cost 

of the procedure is $23,157, with a profit of $8958.

Effect of engagement with patients and others affected by the study

Engagement with patients and others affected by this analysis has not yet occurred.

Discussion

In this first reported analysis of the influence of different esophageal protective strategies 

on costs of left atrial RF ablation using a time-driven activity-based costing methodology, 

we found notable savings when using active esophageal cooling compared to using more 

traditional LET monitoring. This savings translates into a per-procedure profit of $10,021 

using active esophageal cooling, compared to a per-procedure profit of $8,467 using single-

sensor LET monitoring, and $7,887 using multi-sensor LET monitoring. The two drivers 

of the cost difference between strategies are the shorter procedural time and the improved 

same-day discharge rate seen with active esophageal cooling.

This analysis identified a cost per minute in the electrophysiology lab of $21.27 per minute. 

This is in line with other reported values, which range from $11.53 per minute (not 

including anesthesia costs, which add a further $5.28 per minute), to as high as $33 per 

minute39–41. Our findings appear to be robust to variations in procedure time and same-day 

discharge rates. For example, repeating our analysis with an assumption that the comparative 

benefit in procedure time reduction and same-day discharge rates were reduced by 50%, 

the per-procedure profit for an ablation performed with active esophageal cooling would 

be reduced to $8958, still providing an improved savings over the use of single-sensor or 

multi-sensor LET monitoring.

Our analysis does not take into account the downstream impacts of the choice in esophageal 

protective strategy. Recent data suggest that long-term efficacy may be improved with 

the use of active esophageal cooling26–29, and as a result, costs to the healthcare system 

would be expected to be lower, but without acute change to procedural costs. On the other 

hand, differences in complication rates would be expected to impact acute costs; however, 
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data to date suggest either no difference, or a reduction in complication rates when using 

active esophageal cooling14,47. For Accountable Care Organization (ACO) models that rely 

on per covered life cost reduction, even small improvements in outcomes, reductions in 

readmission, reductions in repeat procedures, and reductions in catastrophic events (such as 

atrioesophageal fistula) result in dramatic cost improvements48.

Overall, this analysis underestimates the overall financial impact to the hospital when 

considering the enhanced throughput from an increased rate of same-day-discharge. Same-

day-discharge allows not only a reduction in operating costs but also the ability to care for 

an incremental patient. This is particularly beneficial for patient care in our current labor and 

resource constrained environment. The financial impact of these incremental patients can be 

estimated as the additional reimbursement for a similar patient for chest pain management, 

$4,21632.

One consequence of shorter procedure times of the magnitude reported to date is the 

potential for a given electrophysiology lab to perform additional cases in the workday. For 

example, if a typical case took 140 min using LET monitoring but was reduced to 100 min 

using active esophageal cooling, the extra 120 min made available during a procedural day 

in which three cases were completed would allow another case to be added to the schedule. 

The total annual profit to the hospital system would then be increased by this additional 

case completion rate. This strategy has already been implemented in a number of healthcare 

systems, such that a significant increase in procedure volume has been obtained in part 

due to the adoption of active esophageal cooling with increases of between 10% to 38% 

in procedural volume being realized. Combined with the improved long-term procedural 

efficacy reported with active esophageal cooling, this also has the potential to reduce overall 

healthcare system costs49.

Our findings are in line with other studies evaluating the effects of other new technologies 

used in complex medical procedures. For example, Mansour et al. found that the adoption of 

contact force sensing catheters for cardiac ablation decreased costs by $3402 per subject 

in the first year50. An analysis comparing robotic-assisted to conventional total knee 

arthroplasty found that robotic-assisted procedures actually cost more than conventional 

as a result of longer operating room times51.

These findings have the potential to influence the decision-making process of 

electrophysiology practices. Healthcare affordability remains a growing concern for 

commercial payers and the federal government52. Recently proposed reductions to work 

relative value units (RVUs) for electrophysiology ablation services as part of the proposed 

2023 Medicare Physician Fee Schedule by the Centers for Medicare and Medicaid Services 

(CMS) have further highlighted the need for new approaches to maintaining provider 

revenue levels53. With CMS proposals to further reduce the work RVUs below the revised 

recommendations from the American Medical Association/Specialty Society RVS Update 

Committee (RUC) by an average of 12.9%54, one clear route to recover reduced fees is by 

increasing the procedure volume. Adoption of active esophageal cooling appears to be one 

way to achieve this goal.

Joseph et al. Page 8

J Med Econ. Author manuscript; available in PMC 2023 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Limitations

Process mapping within the TDABC model is the most accurate methodology to capture the 

current state of a procedure or process and its associated costs. For each procedure, clinical, 

administrative staff and other contributing personnel are brought together to complete a 

process map which involves process steps, decision points, human, materials and equipment 

resources involved in the activity, time spent doing the activity (stopwatch method) and 

the variability around each input55. In this study, this methodology was not utilized but 

rather supplemented the information through literature review. This use of existing data 

from literature and databases poses a limitation to this study. Key variables affecting costs 

other than the type of esophageal protection utilized remained the same, however, allowing 

comparison between the approaches to be the primary focus of the analysis. Operator 

volume and experience are factors that can influence performance and efficiency, and centers 

with different levels of volume and experience may see impacts that differ from those found 

in this analysis. We used published data on procedural time impacts of esophageal cooling 

that were reported from higher-volume clinical sites with experienced clinicians, rather 

than from teaching hospitals with electrophysiology fellows in training, since training sites 

generally have unique facets to procedural workflow that are not reflected in more typical 

hospital settings. This analysis did not include costs for anesthesia. Variability in approaches 

to anesthesia in the electrophysiology lab (whether using physician anesthesiologists or 

certified registered nurse anesthetists, for example) add further complexity to incorporating 

this cost, but the comparison between esophageal protective modality in a given system 

is less likely to be affected by this. Likewise, some electrophysiology labs may use 

different numbers or combinations of nurses and technicians. This study does not include 

the longitudinal impact and outcomes in the study cohort including the need for repeat 

procedures and the effects of comorbidities and complications, since these are generally 

influenced by numerous variables with relatively uncertain associations. As such, the long-

term economic impacts are not included in this analysis. For example, increasing data have 

emerged showing improved long-term efficacy from left atrial ablations performed with 

active esophageal cooling20,29,56, which has the potential to reduce overall healthcare system 

costs, but the impacts of this improvement are outside the scope of this analysis. We have 

not performed a deterministic sensitivity analysis or probabilistic sensitivity analysis varying 

other input parameters; however, the fact that the same personnel and equipment (other than 

choice of esophageal protection device) are used for each scenario reduces the potential for 

significant differences in overall conclusions.

Conclusions

The use of active esophageal cooling is associated with significant cost-savings when 

compared to traditional LET monitoring, even after accounting for the additional cost of 

the cooling device. These savings originate from a per-patient procedural time savings and a 

per-population improvement in same-day discharge rate.
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Figure 1. 
Active esophageal cooling device (with permission, Attune Medical, Chicago, IL).
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Figure 2. 
Process map of activities and patient path in the pulmonary vein isolation (PVI) procedure 

care cycle.
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Figure 3. 
Procedural time differences reported for luminal esophageal temperature (LET) monitoring 

and active esophageal cooling15. Abbreviation: RF, radiofrequency.
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Figure 4. 
Lab occupancy for luminal esophageal temperature (LET) monitoring compared to active 

esophageal cooling. Abbreviation: RF, radiofrequency.
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Figure 5. 
Costs for the staff involved in ablation procedures. Abbreviations: RF, radiofrequency; RN, 

Registered Nurse; EP, electrophysiologist.
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Figure 6. 
Daily costs for staff, consumables, capital equipment, and laboratory space. Abbreviations: 

RF, radiofrequency; RN, Registered Nurse; EP, electrophysiologist.
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Figure 7. 
Cost and profit per procedure estimates using LET monitoring (with single and multi-sensor 

temperature probes) compared to using active esophageal cooling. Abbreviation: LET, 

luminal esophageal temperature.
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Figure 8. 
Total costs and net profit per procedure after including savings from same-day discharge. 

Abbreviation: LET, luminal esophageal temperature.
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Table 1.

Staff costs, Including fringe benefits, adjusted to 2022 dollars using the medical component of the consumer 

price Index (CPI).46

Staff costs (including fringe benefits)

Daily Staff Cost Source

Electrophysiologist $4,123 42 

EP Lab Staff (RN)    $838 37 

EP Lab Staff (Lab Tech)    $610 37 

Total $5,105

Abbreviations: RN, Registered Nurse; EP, electrophysiologist.
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i.CARTO mapping system (Boston Scientific, Marlborough, MA).
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