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Aim: This retrospective cohort study assessed differences in procedure-related complications and
death among old patients with atrial fibrillation (AF) undergoing catheter ablation (CA) procedure
with versus without use of intracardiac echocardiography (ICE) and advanced three-dimensional (3D)
electroanatomical mapping. Materials & methods: Using the Medicare Database, a retrospective cohort
of AF patients >65 years of age who underwent CA procedure were identified, and categorized into two
cohorts: CA without ICE/3D mapping versus CA with ICE/3D mapping. Outcomes including a composite
of complications (any), cardiac perforation, esophageal fistula and death, respectively, in the 30-day
period post-CA were assessed. Inverse probability of treatment weighting method was used for covariate
balancing. Cox regression models were performed to evaluate outcomes. Results: There were 35,490
patients in CA without ICE/3D mapping cohort and 170,762 in the CA with ICE/3D mapping cohort. Cox
regression model revealed that patients who underwent CA without ICE/3D mapping use were ~3.5-times
more likely to have 30-day any complication versus those who had CA with ICE/3D mapping (7.3% vs 2.2%,
log-rank test p < 0.001; hazard ratio: 3.507; 95% Cl: 3.307-3.720, p < 0.001). The incidence of cardiac
perforation (2.5% vs 0.1%, log-rank test p < 0.001), atrio-esophageal fistula (0.03% vs 0.01%, log-rank
test p = 0.03) and death (1.6% vs 0.2%, log-rank test p < 0.001) were significantly higher among patients
without ICE/3D mapping versus those who had CA with ICE/3D mapping. Conclusion: The absence of ICE
and 3D mapping during CA procedures was associated with significantly increased risk of complications
and death among Medicare eligible patients with AF.

Plain language summary

What is this article about? Atrial fibrillation (AF) is the most common heart rhythm disorder that
increasingly be treated with a procedure called catheter ablation (CA). During the procedure, intracardiac
echocardiography (ICE) and electroanatomical mapping (EAM) systems help make the treatment better
by creating a real-time, detailed picture of the heart. This study compared 30-day complications and death
after CA performed between older patients without versus with ICE/3D mapping during the procedure.

What were the results? Analyzing the data of 206,252 Medicare patients with AF treated with CA,
older patients treated without ICE/3D mapping use were ~3.5-times more likely to have 30-day any
complication versus those who had CA with ICE/3D mapping. Older patients who underwent CA without
ICE/3D mapping were also more likely to die during or within 30 days of CA. Similar results were observed
in patients who had ablation procedure in hospitals without on-site cardiac surgery support.

What do the results mean? These findings suggest that use of ICE and ED mapping during CA may offer an
advantage in preventing complications and death during or post procedure. As CA increasingly expands
to smaller hospitals, this study highlighted the importance of having ICE and 3D mapping as a part of a
comprehensive CA workflow.
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In the US, approximately 6 million people suffer from atrial fibrillation (AF) [1). AF is strongly associated with
advanced age and its prevalence is expected to increase as the population ages [2-5]. In recent years, catheter ablation
(CA) has emerged as a mainstay treatment option for AF [6-12]. Studies have demonstrated CA to be associated
with a reduction in the burden of AE an improvement in quality of life, as well as a decrease in health resource
utilization and mortality [13-16]. The rate of complications during CA has been reported to be 2.5-8% across
various studies [17]. However, some complications, such as pericardial tamponade, stroke, thromboembolic event
or esophageal perforation, can be severe or potentially fatal [17].

Intracardiac echocardiography (ICE) is an established imaging modality that enables real-time visualization of
internal heart structures, allowing for more precise catheter positioning, transseptal puncture and monitoring for
potential complications [18,19]. ICE use during AF ablation has been shown to be associated with significant reduc-
tions in fluoroscopy time, fluoroscopy dose and procedure time versus ablation without ICE [20]. More importantly,
the use of ICE during CA has been shown to be associated with a significant reduction in complications [21-23],
in-hospital mortality [21], length of hospital stay [21], hospital readmission [24] and 12-month repeat ablation [23].
In addition to ICE, advanced three-dimensional (3D) electroanatomical mapping systems (EAM) greatly facilitate
ablation procedures. The EAM system works by recording electrical information using mapping catheters and pro-
ducing a 3D geometrical reconstruction with a color-coded display of the electrical activation sequence, providing
a highly targeted treatment region as well as reliable tagging of areas treated with ablation [25]. The use of advanced
3D mapping systems in CA procedures has been shown to optimize patient outcomes and reduce procedural time
and radiation exposure [26-30].

Given these factors, CA procedures have increasingly adopted the use of ICE and 3D mapping. To date,
however, no large observational study has examined the difference in complication rates between patients who
had concurrent ICE and 3D mapping use during CA procedure and those who did not. As ablation becomes
the mainstay treatment modality for AF and is increasingly performed in hospitals with or without cardiothoracic
backup (including potential future transition to Ambulatory Surgery Centers [ASCs]), it is critical to understand
the role of intraoperative procedural tools in influencing outcomes. As such, the purpose of this study was to
compare the incidence of complications in patients who underwent CA procedure without ICE and 3D mapping
use versus those who had the procedure with ICE and 3D mapping use.

Materials & methods

Data source

The 2016-2023 Medicare Limited DataSet Standard Analytic Files (SAFs) Database was used for study purposes.
The Medicare SAF database is a deidentified administrative claims database of Medicare fee-for-service beneficiaries,
and includes medical claims spanning multiple settings of care (i.e. inpatient, outpatient, skilled nursing facility,
home health agency and hospice). The Medicare SAFs database allows for longitudinal analysis of patient-level
claims. This analysis of the Medicare SAFs database was conducted under exemption from Institutional Review
Board oversight for US-based studies using de-identified healthcare records, as dictated by Title 45 Code of Federal
Regulations (45 CFR 46.101(b)(4)).

Study population

Older patients (>65 years of age) who had CA procedure with a primary diagnosis of AF (based on International
Classification of Diseases, Tenth Revision, Clinical Modification [ICD-10-CM] diagnosis codes: 148.0, 148.1x,
148.2x, 148.91) between January 2017 and May 2023 (with the first CA procedure as ‘index’) were identified.
Patients were included if they had Medicare as primary payor; had continuous enrollment in Medicare parts A &
B and no Health Maintenance Organization (HMO) enrollment for 6 months in pre-index period; did not receive
care outside the US during index; did not have AF-related CA procedure any time prior to index ablation. Patients
were further excluded if they had AF-related surgical ablation within 6-month pre-index period; had cardiac surgery
within 6-month pre-index period; had left atrial appendage occlusion (LAAO) procedure within 6-month pre-index
period; were diagnosed with end stage renal disease (ESRD); had unclear death date in the database. Patients who
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Elderly patients (aged = 66 years) with their first CA procedure (with a primary diagnosis of AF) in
any setting between Jan 2017 — May 2023 (with first procedure classified as index CA)
n = 254,422

}

Patients who had index CA using both ICE and 3D mapping or with no ICE and no 3D mapping
n = 220,839

}

Exclude patients who received care outside US during index, Medicare was not their primary
payor, had incorrect death information, without continuous enroliment in Medicare part A&B
in 6-month baseline period, or were diagnosed with end stage renal disease
n = 209,290

}

Exclude patients who had undergone AF-related surgical ablation, cardiac surgery, or LAAO
procedure in pre-index 6-month period*
n = 206,252

s AN

Without ICE/3D mapping cohort With ICE/3D mapping cohort
n = 35,490 n=170,762

Figure 1. Patient attrition chart.

*100 patients were further excluded due to the missing region information.

AF: Atrial fibrillation; CA: Catheter ablation; ICE: Intracardiac echocardiography; LAAO: Left atrial appendage
occlusion.

met the study criteria were then classified into two groups: without ICE and 3D mapping (without ICE/3D
mapping) group (i.e., where ICE and 3D mapping were not used during index CA procedure); with ICE and 3D
mapping (with ICE/3D mapping) group (i.e., where ICE and 3D mapping was used during index CA procedure).
The use of ICE and 3D mapping was determined based on ICD-10 Procedural Coding System (PCS) (ICE:
B244YZ7Z, B244777, B245YZZ, B245777, B246YZZ, B246Z7Z, B244773, B245773, B246Z273), Current
Procedural Terminology (CPT) codes (ICE: 93662; 3D mapping: 93613) and Healthcare Common Procedure
Coding System (HCPCS) (ICE: C1759; 3D mapping: C1732). Figure 1 depicts study attrition.

Study outcome

The primary outcome of this study was procedure-related complications within 30 days post-index CA procedure.
The complications assessed included acute coronary syndrome, ischemic stroke, hemorrhagic stroke, thromboem-
bolism, transient ischemic attack, phrenic nerve palsy, pericarditis, bleeding, blood transfusion, atrio-esophageal
fistula, severe pulmonary vein stenosis requiring intervention, vagus nerve injury, vascular access complication
requiring repair and cardiac tamponade or perforation. Complications were defined by a primary or secondary
diagnosis code during index ablation procedure, or hospitalization/emergency room (ER) visit with a primary
diagnosis in 30 days post-index ablation procedure. If a patient had the same event in 6-month period prior to the
index date, the identified event was not classified as a complication. Patients’ data were censored at the point when
they lost enrollment, had a repeat CA, died or reached the end of a 30-day follow-up period, if no complications
was identified prior to this. Secondary outcomes included procedure-related cardiac perforation (i.e. hemoperi-
cardium, pericardiocentesis and cardiac tamponade), atrio-esophageal fistula and death in 30 days post index CA
procedure.

CA procedures are increasingly being performed in smaller hospitals, which may not have on-site cardiothoracic
surgery (CTS) backup. Sub-group analysis was performed among patients who had their index CA procedure in
hospitals without onsite CTS. A hospital was considered as having no CTS if a coronary artery bypass grafting
procedure was not performed at any time during the pre-index period [31].
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Study covariates

Patients’ demographics including age, sex, race, and region were reported. The Elixhauser comorbidity score [321 and
the CHA,DS,-VASc score [33] were calculated based on the patients’ medical claims during the 6-month period
prior to the index. Patients’ AF subtypes were determined based on the diagnosis during index CA procedure.
Other pre-index clinical characteristics, such as sleep apnea and cardiomyopathy, were also assessed in the 6-month
pre-index period. The history (in 6-month prior to the index) of healthcare resource utilization related to AE
including electrical cardioversion and AF-related hospitalization, were also included as covariates.

Statistical analysis

The inverse probability of treatment weighting (IPT'W) of propensity score approach was adopted to minimize the
effect of potential confounders [34,35]. Due to the potential imbalance of baseline characteristics between patients
treated with ICE/3D mapping and without ICE/3D mapping, the IPTW method allows for creating a pseudo-
population with a comparable group of patients treated with and without ICE/3D mapping (34]. Each patient
was assigned a weight by using the IPTW technique along with an estimation of the average treatment effect [35].
Standardized mean difference (SMD) was used to assess if the distribution of these covariates were balanced after
weighting (with SMD >0.1 or <-0.1 considered as imbalanced distribution). Weighted Cox proportional hazards
regression model with robust standard errors was used to estimate hazard ratio (HR) and 95% CI of without
ICE/3D mapping (versus with ICE/3D mapping) for study outcomes. The Benjamini—-Hochberg (BH) correction
method was used to control false discovery rate caused by multiple comparisons of outcomes assessment in the
regression analysis [36]. Values of p < 0.05 were considered statistically significant (for BH correction, the highest
p-value that was smaller than the BH critical value was identified with false discovery rate of 0.10. All p-values
greater than the highest p-value were then considered significant). Statistical analyses were conducted with R
software (version 4.1.2; R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 206,252 patients were included in the study, with 35,490 patients undergoing CA procedure without
ICE/3D mapping and 170,762 with ICE/3D mapping (Figure 1). Before IPTW, patients who underwent ablation
without ICE/ 3D mapping were older (75 years and above, 53.8% vs 34.1%, absolute SMD [aSMD]: 0.400),
had more female patients (53.8% vs 42.6%, aSMD: 0.226) as compared with those who underwent ablation
with ICE/3D mapping (Table 1). Patients without ICE/3D mapping use were more likely to have persistent and
chronic AF diagnosis (persistent AF, without ICE/3D mapping: 43.0%, with ICE/3D mapping: 38.8%; chronic
AE without ICE/3D mapping: 9.0%, with ICE/3D mapping: 1.0%, aSMD: 0.435) during index, were more
likely to have a high Elixhauser score (4 and above, without ICE/3D mapping: 81.3%, with ICE/3D mapping:
60.1%, aSMD: 0.478) and CHA,DS;-VASc score (4 and above, without ICE/3D mapping: 69.9%, with ICE/3D
mapping: 44.8%, aSMD: 0.525). However, the two cohorts were well balanced on all study covariates after
weighting (aSMD <0.1) (Table 1).

As shown in Figure 2, the 30-day incidence of overall complications was significantly higher for patients who
had CA without ICE/3D mapping versus those who had CA with ICE/3D mapping (7.3% vs 2.2%, log-rank test
p < 0.001). Weighted Cox regression model revealed that patients who had CA without ICE/3D mapping were
~3.5-times more likely to have 30-day complications versus those who underwent ablation with ICE/3D mapping
(HR: 3.507; 95% CI: 3.307-3.720, p < 0.001). As per secondary outcome assessment, patients undergoing
CA without ICE/3D mapping had significantly higher risk of cardiac perforation as compared with those in the
ICE/3D mapping group (2.5% vs 0.1%, log-rank test p < 0.001 [Figure 3]; HR: 19.840, 95% CI: 16.910-23.280,
p < 0.001). Patients who underwent CA without ICE/3D mapping were approximately 3.5-times more likely to
experience atrio-esophageal fistula versus those in the ICE/3D mapping group (0.03% vs 0.01%, log-rank test
p = 0.03 [Figure 4]; HR: 3.454; 95% CI: 1.553-7.683, p = 0.002). The 30-day risk of death was significantly
higher for those undergoing CA without ICE/3D mapping use versus those in the ICE/3D mapping group, with
patients in the former group having ~seven-times higher risk of death than those in the latter group (1.6% vs
0.2%, log-rank test p < 0.001 [Figure 5]; HR: 7.274, 95% CI: 6.359-8.321, p < 0.001). The results after BH
correction remained significant for all study outcomes.

When restricting the cohort to patients who underwent CA in the hospital without on-site CTS back-up (as
part of sub-analysis), 3276 patients were identified (726 in the without ICE/3D mapping cohort and 2550 in
the ICE/3D mapping cohort). Study results in this cohort of patients undergoing CA in hospitals without on-
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Table 1. Patient demographic and clinical characteristics, pre- and post-weighting.

Pre-weighted Post-weighted
Without IC/3D With ICE/3D mapping, aSMD Without ICE/3D  With ICE/3D aSMD
mapping, N (%) N (%) mapping, % mapping, %
35,490 170,762
Age 0.406 0.046
Mean (SD) 76.13 (6.89) 72.80 (4.83) 73.85 (6.71) 73.07 (4.90)
66-74 16,398 (46.2%) 112,603 (65.9%) 65.1% 62.9%
75+ 19,092 (53.8%) 58,159 (34.1%) 34.9% 37.1%
Sex 0.226 0.035
Male 16,384 (46.2%) 97,989 (57.4%) 57.4% 55.7%
Female 19,106 (53.8%) 72,773 (42.6%) 42.6% 44.3%
Race 0.006 0.001
White 32,937 (92.8%) 158,746 (93.0%) 92.9% 92.9%
Non-white 2553 (7.2%) 12,016 (7.0%) 7.1% 7.1%
Region 0.230 0.022
Midwest 6916 (19.6%) 34,715 (20.3%) 19.5% 20.1%
Northeast 6401 (18.0%) 25,130 (14.7%) 15.5% 15.3%
South 17,346 (48.9%) 73,881 (43.3%) 45.1% 44.3%
West 4782 (13.5%) 37,036 (21.7%) 19.9% 20.3%
AF type during index 0.435 0.014
Paroxysmal 13,946 (39.3%) 90,584 (53.0%) 51.0% 50.9%
Persistent 15,267 (43.0%) 66,294 (38.8%) 39.7% 39.7%
Chronic 3201 (9.0%) 1554 (1.0%) 2.1% 2.0%
Unspecified 3076 (8.7 %) 12,330 (7.2%) 7.2% 7.4%
Electrical cardioversion 7138 (20.1%) 43,938 (25.7%) 0.134 27.1% 24.9% 0.050
AF-related hospitalization 7206 (20.3%) 23,523 (13.8%) 0.174 14.9% 14.9% 0.001
CTS status (with on-site CTS) 34,764 (98.0%) 168,212 (98.5%) 0.042 98.7% 98.5% 0.018
Elixhauser score 0.478 0.037
0-3 6,640 (18.7%) 68,089 (39.9%) 38.2% 36.4%
4 and above 28,850 (81.3%) 102,673 (60.1%) 61.8% 63.6%
CHA;DS;-VASc score 0.525 0.035
0-3 10,672 (30.1%) 94,248 (55.2%) 52.9% 51.2%
4 and above 24,818 (69.9%) 76,514 (44.8%) 47.1% 48.8%
Cardiomyopathy 7976 (22.5%) 17,816 (10.4%) 0.329 11.8% 12.3% 0.015
Sleep apnea 8127 (22.9%) 35,744 (20.9%) 0.048 21.8% 21.3% 0.011

3D: Three dimensional; AF: Atrial fibrillation; aSMD: Absolute standardized mean difference; CTS: Cardiothoracic surgery; ICE: Intracardiac echocardiography; SD:
Standard deviation.

site CTS backup were consistent with those of the full cohort (Figure 6 & Supplementary Figures 1 & 2). Cox
models demonstrated that in this sub-analysis cohort, those who had ablation without ICE/3D mapping were
at a significantly higher risk of 30-day complications (HR: 2.347, 95% CI: 1.288-4.278, p = 0.005), cardiac
perforation (HR: 41.400, 95% CI: 7.778-220.400, p < 0.001) and death (HR: 9.636, 95% CI: 4.063-22.860,
p < 0.001) versus those in the ICE/3D mapping group. No atrio-esophageal fistula case was observed in both
groups.

Discussion

In this retrospective cohort study, AF patients who underwent CA without using ICE and 3D mapping had a
significantly higher risk of overall complications, cardiac perforation, atrio-esophageal fistula, and all-cause death
compared with patients who had ablation with ICE and 3D mapping use. Results were consistent when restricting
our sample to a cohort of patients who had ablation procedure in hospitals without onsite CTS backup. To the
best of our knowledge, this is the first study to examine the safety impact of concurrent ICE and 3D mapping use
among patients with AF undergoing an ablation procedure.
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Figure 2. Kaplan-Meier curve for any complications.
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Figure 3. Kaplan-Meier curve for cardiac perforation.

A few studies have reported ICE use to be associated with better procedural related outcomes, particularly
reduction in complication occurrences. In their retrospective analysis of a US national inpatient database, Isath
et al. found the use of ICE during CA to be associated with a significant reduction in complications (9.35% vs
10.41%, HR: 0.48 [95% CI: 0.44-0.51], p < 0.0001) and in-hospital mortality (0.11% vs 0.54%, HR: 0.72 [95%
CI: 0.71-0.73], p < 0.0001) (21]. Another study by Deshpande ez 4/. found ICE use to be associated with a 12%
lower risk of readmission in 90 days post CA period (HR: 0.88 [95% CI: 0.83-0.94], p < 0.0001) (24]. In their study
of Medicare beneficiaries, Friedman et a/. found that patients without ICE use during CA procedure had ~five-
times increased risk of experiencing cardiac perforation (odds ratio [OR]: 4.85; 95% CI: 4.11-5.71; p < 0.0001)
for CA procedure than those who had ICE use during ablation procedure [22]. A recent analysis of US privately
insured nonelderly patients found ICE use to be associated with 50% lower risk of 30-day complications (2.9%
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Figure 4. Kaplan-Meier curve for atrio-esophageal fistula.
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Figure 5. Kaplan-Meier curve for death.

vs 5.8%; HR: 0.50 [95% CI: 0.34—0.72]) versus no ICE use [23]. With real-time visualization of the left atrium,
ICE use enables accurate identification of key anatomical locations during the ablation, guidance of transseptal
puncture, determination of exact transseptal sheath location, assessment of catheter contact with cardiac tissue, and
rapid detection of early manifestations of complications such as pericardial effusions, tamponades, thrombosis and
pulmonary vein stenosis [18,19]. In light of this, the recent 2024 European Heart Rhythm Association (EHRA)/Heart
Rhythm Society (HRS)/Asia Pacific Heart Rhythm Society/Latin American Heart Rhythm Society (LAHRS)
expert consensus statement on catheter and surgical ablation of atrial fibrillation lists ICE use as important for early
diagnosis and prevention of cardiac tamponade [17].
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Figure 6. Kaplan-Meier curve for any complications - patients treated in noncardiothoracic surgery backup
hospitals.

Advanced 3D mapping systems allow continuous visualization of the ablation catheter and may contribute to
the safety of the procedure. There has also been emerging evidence demonstrating the benefit of using 3D mapping
technique with or without ICE use during CA procedure, including reduced procedure time, fluoroscopy time
and fluoroscopy dose [26-30]. Creating a 3D cardiac map allows for identification of patient specific anatomy,
the substrate for arrhythmia and provides the ability to accurately track ablation sites. This provides valuable
information for the physician in order to avoid complications such as PV stenosis, perforation, phrenic nerve or
esophageal injury. In the 2019 APHRS Expert Consensus Statement on three-dimensional mapping systems for
tachycardia developed in collaboration with HRS, EHRA and LAHRS, 3D mapping has been recommended for
use during AF ablation procedures for “careful identification of the pulmonary vein (PV) ostia and left atrial geometry
to avoid ablation within the PVs, and obtain durable PV ablation”, and “ to assess for line completeness if linear ablation
lesions are applied” 125). The integration of real-time ICE imaging guidance and EAM system has been reported to be
effective and safe [37-39). The combined use of the two imaging modalities enables visualization of a comprehensive
3D left atrial anatomy and reconstruction of all relevant anatomical structures for AF ablation [37-39]. Given these
demonstrated benefits, it was not surprising to see significantly higher risk of complications associated nonuse of
ICE and 3D mapping system in our study. Recently, use of EAM has been reduced in some ablation workflows
employing contemporary pulsed field ablation (PFA) technologies. This trend may be attributed to the nature of
first-generation PFA devices, the initial lack of readily available integration across mapping systems, as well as the
higher cost of first-generation PFA technologies. Until larger studies involving PFA with or without use of EAM
and ICE are available, our results suggest that use of EAM likely remains important as a part of a comprehensive
workflow strategy to minimize adverse events.

Notably, CA procedures for AF are increasingly being performed in smaller hospitals (40, which may lack CTS
backup. In the event of rare but potentially severe complications (such as cardiac perforation) following a CA
procedure, immediate intervention might be required, including cardiac surgery, pericardiocentesis, or vascular
repair [17,41]. AF ablation is currently recommended to “only be performed in hospitals equipped or prepared to manage
these types of emergencies with access to emergency surgical support when required’ 117). In our sub-analysis of patients
undergoing ablation in hospitals without CTS backup, non use of ICE and 3D mapping was associated with
significantly worse patient outcomes, highlighting the importance of these technologies in a non-CTS backup
setting. The ASCs are increasingly being considered as a setting of care for ablation procedures for Medicare
beneficiaries, with some ASCs already expanding these procedures to commercially insured patients. As physicians
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evaluate appropriate clinical strategies and ablation workflows to mitigate adverse events in ASCs, our results
emphasize the importance of electroanatomic mapping and ICE, even in lower-acuity environments.

Limitations

This study has some limitations. First, due to the retrospective nature of our analysis, we can only arrive at an
association and not causation, as additional confounding factors may not be accounted for despite our best attempts.
Certain confounders (e.g. therapeutic catheter used during ablation, ablation energy/technique, surgeon experience,
hospital characteristics, medication use, etc.) could not be controlled in our study because the information was
not available in the Medicare SAF database. Second, this study solely investigated the effectiveness of using both
ICE and 3D mapping together, without considering the impact of each technique when applied independently. It
is possible that the beneficial effect observed in this study were primarily attributable to one technique versus the
other. However, to quantify the separate impact of ICE and 3D mapping is beyond the scope of the current study.
Third, complication events may be underestimated as physician office encounter information was not available
in Medicare SAF database. However, given the low likelihood of procedure-related complications being treated in
an office setting, this impact is likely to be negligible. Complication events may also be misclassified because the
identification of those events or exposures relied on diagnosis procedure codes. Fourth, the source population in the
Medicare SAFs database is primarily representative of US Medicare fee-for-service patients. As such, our results may
not be generalizable to older AF patients enrolled in Medicare Advantage program or individuals without insurance
as well as to the younger adult AF patients undergoing ablation procedures. In addition, as the reason of death
information is not available in the Medicare SAF database, our analyses of all-cause death may have overestimated
the direct impact of the ICE and 3D mapping used during CA procedure on noncardiac mortality.

Conclusion

The absence of ICE and 3D mapping during cardiac CA procedures for AF was associated with higher rates of
complications (including cardiac perforation and atrio-esophageal fistula) and death. As CA increasingly becomes
the mainstay treatment for AF and expands to smaller hospitals, ICE and 3D mapping are likely to remain key
drivers of improved patient outcomes in lower acuity settings.

Summary points

e Using the Medicare Database, this retrospective cohort study assessed data of older AF patients (=65 years of
age) who underwent catheter ablation (CA) procedure and compared the complication outcomes between
patients without ICE/3D mapping during CA versus those patients with ICE/3D mapping.

e Study results demonstrated that patients who underwent CA without ICE/3D mapping use were ~3.5-times more
likely to have 30-day any complication versus those who had CA with ICE/3D mapping.

e The incidence of cardiac perforation, atrio-esophageal fistula, and death were significantly higher among
patients who underwent CA without ICE/3D mapping versus those who had CA with ICE/3D mapping.

e Results were consistent when restricting our sample to a cohort of patients who had ablation procedure in
hospitals without on-site cardiothoracic surgery backup.
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