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Abstract
Purpose Frequent ventricular premature depolarizations
(VPDs) may cause cardiomyopathy (VPDCM), which often
improves after VPD suppression. This study aimed to evaluate
whether ablation of outflow tract ventricular arrhythmias (OT
VAs) in patients with VPDCM improves renal in addition to
left ventricular (LV) function.
Methods We retrospectively evaluated 153 patients with OT
VAs and examined VPD burden and LV ejection fraction
(LVEF), as well as estimated glomerular filtration rate
(eGFR) pre- and post-ablation. LV dysfunction was defined
as LVEF <50 % and impaired renal function was defined as
eGFR of <60 mL/min/1.73m2.
Results Fifty-five patients had VPDCM.Duringmean follow-
up of 14 months, 140 (92 %) were free from arrhythmia. In
patients with VPDCM, patients with baseline LVEF 40–50 %
had greater improvement in the post-ablation LVEF compared
to patients with baseline LVEF <40 % (p < 0.01). At baseline,
36 (72 %) patients had renal dysfunction, 29 (81 %) of whom
had improvement in eGFR from baseline after successful ab-
lation from eGFR 51 to 57 mL/min/1.73m2. There was a sig-
nificant association between cardiac (ΔLVEF ≥10 %) and
renal (ΔeGFR ≥10 %) improvement (r = 0.54, p = 0.04).
Using logistic regression analysis, procedural success was an
independent predictor of improvement of cardiac (odds ratio

[OR] = 13.7, p = 0.03) and renal function (OR = 21.0,
p = 0.047).
Conclusions Successful catheter ablation of OT VA reduces
VPD burden and is associated with improved cardiac and
renal function in patients with VPDCM.

Keywords Catheter ablation . Outflow tract ventricular
arrhythmias . Ventricular premature depolarization . Chronic
kidney disease

1 Background

Ventricular premature depolarizations (VPDs) and non-
sustained ventricular tachycardia may lead to development
of left ventricular (LV) dilatation [1, 2] and reversible cardio-
myopathy [3, 4]. Baman et al. indicated that a VPD burden of
>24 % was independently associated with the development of
cardiomyopathy [5]. Recently, it has been shown that long
VPD QRS duration is a marker of risk for development of
VPD-med ia t ed ca rd iomyopa thy (VPDCM) [6 ] .
Longstanding rapid atrial fibrillation (AF) is also associated
with the development of cardiomyopathy [7, 8], and in pa-
tients with AF and chronic kidney disease (CKD), renal func-
tion has been shown to improve after successful radiofrequen-
cy catheter ablation (RFCA) for AF [9]. For example,
Navaravong et al. reported an 8 % improvement in estimated
glomerular filtration rate (eGFR) for patients with CKD stage
2 following successful RFCA of AF [10]. Whether reduction
of VPD burden in patients with VPDCM has a similar bene-
ficial effect on renal function as AF suppression remains un-
known. Therefore, this study aimed to evaluate whether renal
function improves in addition to LV function after ablation of
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outflow tract (OT) ventricular arrhythmias (VAs) in patients
with VPDCM.

2 Methods

2.1 Patient population

There were 474 patients referred for RFCA of OT VAs from
2006 to 2013. In these patients, all data on VPD burden, LV
ejection fraction (LVEF), and eGFR pre- and post-ablation
were obtained in 153 patients after excluding patients with
potential alternative causes of their cardiomyopathy, including
history of infarction, active ischemia, severe valvular disease,
or inherited cardiomyopathy. The presence of an ischemic
etiologywas evaluated based upon history, electrocardiogram,
and either coronary angiography or stress testing. All data
were collected in a registry database approved by the
Inst i tut ional Review Board of the Universi ty of
Pennsylvania. Waiver of consent was obtained through the
institutional review board for retrospective review of the clin-
ical data.

2.2 Measured parameters

All patients underwent echocardiography prior to ablation to
assess baseline LV systolic function and LV dimensions.
LVEF was calculated using the Simpson’s biplane method.
LV dysfunction was defined as LVEF <50 % by echocardiog-
raphy. The modified diet in renal disease equation was used to
determine the eGFR, expressed as mL/min/1.73m2. Renal
dysfunction was defined as an eGFR <60 mL/min/1.73m2 as
classified by the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative guidelines [11].
Twenty-four hour Holter monitoring was performed at base-
line and after RFCA to quantify the VPD burden. Patient
demographic data including history of hypertension, AF, con-
gestive heart failure (CHF), and diabetes mellitus were record-
ed. The most recent available biochemistry results assessing
renal function obtained from the HUP laboratories were re-
trieved for analysis. In the absence of such data, the most
recent data available from outside laboratories obtained prior
to the index ablation procedure was constituted as baseline
data.

Eighty-five patients (56 %) received follow-up at the HUP
Ambulatory Arrhythmia Center Clinic who underwent pre-
and post-ablation laboratory testing at the HUP laboratories.
For the sixty-eight patients (44 %) who received follow-up by
physicians from outside of the University of Pennsylvania
Health System, the laboratory data were obtained from the
same laboratory pre- and post-ablation for consistency.

Routine ECGs were performed at 6 weeks post-ablation
and follow-up echocardiograms, Holter monitors, and serum

creatinine levels 3 to 6 months after ablation. For patients not
followed at the University of Pennsylvania Health System,
individual referring cardiologists were contacted and medical
records reviewed. Procedural success was defined as ≥80 %
documented reduction in VPD burden on follow-up Holter
monitor [12]. Accordingly, cardiac and renal improvements
were arbitrarily defined as improvements of LVEF ≥10 %
and eGFR ≥10 %, respectively.

2.3 Catheter ablation

Standard surface 12-lead ECGs were recorded. A 6Fr
quadripolar catheter was positioned in the right ventricular
apex for pacing. The integration of 3D mapping and phased
array intracardiac echocardiography (CARTOSOUND®,
Biosense Webster Inc., Diamond Bar, CA, USA) was used
to delineate the complex OT relationships. For patients with
frequent spontaneous VPDs, activation mapping was used to
identify the site with the earliest presystolic activity. Mapping
was started in the right ventricular OT (RVOT), unless the
VPD morphology on ECG was inconsistent with RVOT ori-
gin or the information obtained from coronary sinus record-
ings suggested LVorigin.

Intravenous heparin was administered to maintain an acti-
vated clotting time >250 s during aortic cusp and/or LVendo-
cardial mapping. The ablation catheter was inserted via the
right femoral artery and advanced to the aortic cusp region
in a retrograde fashion. If activation times in the aortic cusp
region were not sufficiently early with respect to the QRS
onset, additional detailed mapping was performed in the great
cardiac vein and anterior interventricular vein.

Radiofrequency energy was delivered with a conventional
irrigated 3.5-mm-tip ablation catheter (ThermoCool®,
Biosense Webster Inc., Diamond Bar, CA, USA) in a power
control modewith initial settings of 20Wand titration to 40W
for 60–120 s. Catheter tip was irrigated by a continuous flow
of saline at a rate of 30 mL/min during ablation. Burst atrial
and ventricular pacing before and during isoproterenol infu-
sion (up to a rate of 20 μg/min) was repeated following abla-
tion to assess for inducible VPD [12, 13].

2.4 Statistical analysis

Statistical analyses were performed using SPSS version 21.0
software (SPSS Inc, Chicago, IL, USA). A p value <0.05 was
considered statistically significant. Continuous data are pre-
sented as mean and standard deviation or median and inter-
quartile range in variables that were not normally distributed,
while categorical data are presented as percentages.
Comparisons between groups were made using two-sample
T test, one-way ANOVA, or the non-parametric equivalent
for continuous variables. Chi-square or Fisher’s exact tests
were used for categorical data. Pearson and Spearman
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correlation coefficients (r) were used to quantify correlations
between variables. A simple and multivariable linear regres-
sion analysis was performed between the changes of eGFR
pre- and post-VPD ablation. We present the results from uni-
variate and multivariate models that controlled for sex, past
history of hypertension, taking β-blockers, and procedural
success for the predictors of improvement of cardiac function,
and controlled for sex, taking angiotensin-converting enzyme
inhibitor (ACE-I) or angiotensin receptor blocker (ARB),
ΔLVEF >10 % post-ablation, and procedural success for the
predictors of improvement of renal function. Multivariable
analysis was performed on items that showed a p value small-
er than 0.1 by univariable analysis.

3 Results

3.1 Patient characteristics

There were 98 patients with normal LVEF (control group),
and 55 patients with VPDCM in this study (mean age 53
± 14 years; 66 [43 %] female). Of the patients with OT VAs,
55 (36 %) patients were identified as having a VPD site of
origin from the RVOT, and 98 (64 %) were successfully ab-
lated from the LV outflow tract respectively. In patients with
VPDCM, 25 (45 %) patients underwent cardiac magnetic res-
onance imaging before ablation. Of these, 9 (36 %) patients
had delayed enhancement in a small region (5: basal septum,
3: infero-lateral, 1: infero-septum). However, all patients had
no evidence of extensive structural heart disease, and most
importantly, the sites (if any) where delayed enhancement
was detected were not associated with the origin of VPD.
Furthermore, in patients without imaging, the electrogram at
the site of origin of the VPD in all cases had normal voltage
and other characteristics. During median follow-up period of
14 months (IQR 7–26), 140 patients (92 %) were free from
arrhythmia (Table 1). Of these patients, 12 (9 %) were main-
tained on antiarrhythmic drugs (AADs) (control group: 5
sotalol and 2 flecainide; VPDCM group: 2 amiodarone, 2
dofetilide, and 1 mexiletine), while 128 (91 %) remained
arrhythmia-free off AAD. Thirteen patients recurred due to
the following factors: (1) the VPD origin was too close to
major epicardial coronary arteries (four patients); (2) VPD
origin was in close proximity to the conduction system (three
patients); (3) multifocal VPDs that were not completely ame-
nable to suppression despite extensive ablations (four pa-
tients); and (4) clinical VPD was too infrequent at the time
of the procedure despite pacing and pharmacological stimula-
tion for mapping and ablation to be performed (two patients).
In patients who underwent successful ablation, VPD burden
was significantly reduced (baseline vs. post-RFCA = 24 %
[IQR 14–34] vs. 0.4 % [IQR 0–3.3], p < 0.01), whereas VPD
burden remained at 13 % [IQR 11–23] following failed

ablation procedures (Fig. 1). Systolic blood pressure increased
significantly following successful ablation in patients with
VPDCM (baseline vs. post-RFCA= 118 mmHg [IQR 107–
130] vs. 125 mmHg [IQR 117–137], p = 0.01; Table 2).

3.2 Cardiac function

Post-ablation LVEF improved significantly compared to base-
line in patients with VPDCM (50 % [IQR 45–55] vs. 35 %
[IQR 30–40], p < 0.01; Table 2), and 84 % of patients post
successful ablation showed an improvement in their LVEF
≥10 %. Furthermore, patients with baseline LVEF 40–50 %
had a greater improvement in the post-ablation LVEF as com-
pared to patients with baseline LVEF <40% (p < 0.01; Fig. 2).
In the control group, LVEF did not differ following successful
ablation. Using a logistic regression analysis, procedural suc-
cess yielded an odds ratio (OR) of 13.7 (95 % confidence
interval [CI] 1.31–143.4, p = 0.03) which was a significant
covariate for the improvement of cardiac function in patients
with VPDCM (Table 3).

3.3 Renal function

At baseline, 36 (72 %) patients with VPDCM had renal dys-
function. Of these, 29 patients (81 %) had an improvement in
the eGFR and 24 patients (67 %) had a significant improve-
ment in eGFR ≥10 % from baseline following successful ab-
lation (Fig. 3). For the entire cohort, there was a significant
improvement in serum creatinine and eGFR from baseline
following successful ablation (creatinine, 0.8 mg/dL [IQR
0.7–1.1] vs. 1.0 mg/dL [IQR 0.9–1.2], p < 0.05; eGFR,
57 mL/min/1.73m2 [IQR 46–66] vs. 51 mL/min/1.73m2

[IQR 44–63], p < 0.05; Table 2). In control group, 50 (51 %)
patients had impaired renal function at baseline. Of these, 28
(56 %) patients improved renal function after successful PVC
ablation. However, serum creatinine and eGFR did not differ
following successful ablation. In addition, there is no differ-
ence in the responses of eGFR to RVOT versus LVOTectopy-
induced cardiomyopathy (RVOT vs. LVOT = 8.6 mL/
min/1.73m2 [IQR 3.2–11.9] vs. 6.2 mL/min/1.73m2 [IQR 1–
10.7], p = 0.20). Finally, five (10 %) patients had non-
sustained ventricular tachycardia (NSVT); however, existence
of NSVT did not affect both baseline LVEF and eGFR.

3.4 Relationship between cardiac and renal function
in patients with VPDCM

In this study, eight patients experienced improvement of
LVEF <10 % following successful ablation. In this group,
the pre- and post-ablation eGFR did not differ significantly
(53 mL/min/1.73m2 [IQR 46–58] vs. 54 mL/min/1.73m2

[IQR 47–61], p =NS). The degree of improvement in eGFR
following successful ablation was independent of baseline
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Table 1 Baseline characteristics
Outcome Control (n = 98) VPDCM (n = 55) p value

Age (years) 52 ± 14 54 ± 15 NS

Sex: female (%) 48 35 NS

Past history of hypertension (%) 29 53 <0.01

Past history of diabetes (%) 11 9 NS

Past history of AF (%) 5 13 NS

Past history of CHF (%) 1 15 <0.01

BUN (mg/dL) 15 (11–19) 16 (13–21) <0.01

Cre (mg/dL) 0.9 (0.7–1.0) 1.0 (0.9–1.2) <0.01

eGFR (mL/min/1.73m2) 58 (49–70) 51 (44–63) <0.01

LVEF (%) 60 (55–64) 35 (30–40) <0.01

LVDd (mm) 50 (45–53) 57 (53–61) <0.01

Holter % VPD 24 h 22 (13–33) 25 (19–38) NS

Beta-blockers (%) 54 82 <0.01

ACE inhibitors (%) 11 40 <0.01

Angiotensin receptor blockers (%) 5 25 <0.01

Stains (%) 27 36 NS

Diuretics (%) 4 33 <0.01

Antiarrhythmic drugs (%) 12 22 NS

Amiodarone 0 9 –

Dofetilide 0 4 –

Mexiletine 1 4 NS

Sotalol 5 5 NS

Flecainide 6 0 –

Procedure success (%) 92 91 NS

Values are presented as mean ± SD and as median (interquartile range). A p value <0.05 was considered
significant

ACE-I angiotensin-converting enzyme inhibitor, AF atrial fibrillation, CHF congestive heart failure, BUN blood
urea nitrogen, Cre creatinine, eGFR estimated glomerular filtration rate, LVEF left ventricular ejection fraction,
LVDd left ventricular diastolic diameter, VPD ventricular premature depolarization

Fig. 1 VPD burden pre- and
post- catheter ablation for patients
who underwent successful
procedures versus patients with
recurrent arrhythmias
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LVEF. Importantly, there was a significant association be-
tween cardiac (ΔLVEF ≥10 %) and renal (ΔeGFR ≥10 %)
improvement (r = 0.54, p = 0.04; Fig. 4).

Univariate and multivariate predictors of improvement of
renal function were assessed using logistic regression analy-
sis. Improvement in LVEF (OR = 11.4, 95 % CI 1.02–127.1,
p = 0.04) and procedural success (OR = 23.4, 95 % CI 1.04–
525.0, p = 0.04) were associated with improvement of renal
function in univariate analysis (Table 4). In multivariate anal-
ysis, only procedural success (OR = 21.0, 95 % CI 1.04–
421.4, p = 0.047) was associated with improvement of renal
function.

3.5 Medication during follow-up in patients with VPDCM

Following ablation, 37 (67 %) patients were discharged on
beta-blockers, 22 (40 %) on ACE inhibitors, 14 (25 %) on
ARBs, 20 (36 %) on statins, and 18 (33 %) on diuretics. In

patients with AADs at baseline, 6 (50 %) patients were
discharged off AADs following successful ablation.

During the subsequent 14-month follow-up period, β-
blockers were discontinued in eight patients (22 %), ACE
inhibitors in three (14 %), ARBs in one (7 %), and diuretics
were discontinued in six patients (33 %). Importantly, assess-
ment of renal function was performed before discontinuation
of medications that may have adversely affected renal func-
tion (including ACE inhibitors, angiotensin receptor blockers,
and diuretics).

4 Discussion

4.1 Main findings

We investigated whether renal function recovers in ad-
dition to LV function after ablation of OT VAs. The
present study demonstrated that 92 % of patients were

Fig. 2 Comparison of LVEF pre-
and post- ablation for patients
with a baseline LVEF <40 %
versus baseline LVEF 40–50% in
patients with VPD-mediated
cardiomyopathy versus baseline
LVEF ≥50 % in patients with
structurally normal heart. Patients
with baseline LVEF 40–50 % had
greater improvement in the post-
ablation LVEF compared to
patients with baseline LVEF
<40% and baseline LVEF ≥50 %.
LVEF left ventricular ejection
fraction

Table 2 Major outcomes in patients with successful ablation

Control (n = 90) VPDCM (n = 50)

Prior to ablation Post ablation p value Prior to ablation Post ablation p value

Systolic BP (mmHg) 123 [112–131] 124 [113–135] NS 118 [107–130] 125 [117–137] 0.01

Diastolic BP (mmHg) 72 [65–80] 73 [68–82] NS 70 [64–77] 74 [69–80] NS

VPD burden (%) 21.8 [13–33] 0.2 [0–1.3] <0.01 25.2 [18–38.1] 0.4 [0–3.3] <0.01

LVEF (%) 60 [55–64] 60 [55–65] NS 35 [30–40] 50 [45–55] <0.01

Cre (mg/dL) 0.9 [0.7–1.0] 0.8 [0.7–1.0] NS 1.0 [0.9–1.2] 0.8 [0.7–1.1] <0.05

eGFR (mL/min1/1.73m2) 58 [49–70] 60 [50–72] NS 51 [44–63] 57 [46–66] <0.05

Values are presented as median (interquartile range). A p value <0.05 was considered significant

BP blood pressure, VPD ventricular premature depolarization, LVEF left ventricular ejection fraction, Cre serum creatinine, eGFR estimated glomerular
filtration rate
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free from arrhythmia during a follow-up period of
14 months. Post-ablation LVEF improved significantly
compared to baseline, and 84 % of patients with
VPDCM demonstrated an improvement in LVEF
≥10 % after successful ablation. Furthermore, patients
with baseline LVEF 40–50 % had greater improvement
of post-ablation LVEF compared to patients with base-
line LVEF <40 %. Cardiac improvement was associated
with procedure success.

At baseline, 36 (72 %) patients had renal dysfunc-
tion, of whom 81 % had improved eGFR after
success fu l ab la t ion in pa t ien ts wi th VPDCM.
Interestingly, renal improvement was associated with
both procedure success and cardiac improvement.
There were no significant differences in cardiac and
renal function recovery following successful ablation
in the control group.

4.2 Cardiac function

The mechanism of VPDCM may be related to the higher
average heart rates and a short coupling interval in patients
with frequent VPDs, LV dyssynchrony during VPDs, and the
chronic effects of extra-systolic potentiation that increase in-
tracellular calcium and myocardial oxygen consumption [14].
LV dyssynchrony also causes global reduction of cardiac me-
chanical efficiency, induces changes in regional hypertrophy,
and alters myocardial blood flow [15]. However, it is well
known that VPDCM is often reversible after successful abla-
tion. Consistent with prior studies, LVEF improved dynami-
cally following successful ablation in the present study [5, 12].
Mountantonakis et al. described that a reduction of 80 % or a
burden of <5000 residual VPDs per day predicted improve-
ment in LVEF and normalization of LV size following abla-
tion [12]. Interestingly, in this study, 84 % of patients post
successful ablation improved ΔLVEF ≥10 %. Furthermore,
patients with baseline LVEF 40–50 % had greater improve-
ment in their post-ablation LVEF compared to patients with
baseline LVEF <40 %. This may indicate the presence of pre-
existing structural abnormalities such as intramyocardial scar
which might limit the degree of LV function recovery.

4.3 Renal function

Elevated levels of angiotensin II may play an integral role in
renal dysfunction for patients with chronic renal hypoperfu-
sion due to congestive cardiac failure [16]. Among various
vasoactive mediators, local activation of the renin-
angiotensin system is especially important because it can lead
to constriction of efferent arterioles, hypoperfusion of post-
glomerular peritubular capillaries, and subsequent hypoxia
of the tubulointerstitium in the downstream compartment. In
addition, angiotensin II directly damages endothelial cells.
Accumulation of angiotensin II can lead to the loss of

Table 3 Independent predictors
of the improvement of cardiac
function (ΔLVEF ≥10 %) in
patients with VPDCM

Univariable analysis Multivariable analysis

Predictor Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

Baseline characteristics

Sex: female 7.92 (0.94–67.0) 0.06 5.3 (0.59–46.56) 0.14

Past history of HT 1.15 (0.32–4.14) 0.83

Medication use

β-blockers 0.34 (0.14–3.02) 0.32

Catheter ablation outcome

Procedural success 21.0 (2.07–213.3) <0.01 13.7 (1.31–143.4) 0.03

A p value <0.05 was considered significant

eGFR estimated glomerular filtration rate, HT hypertension, LVEF left ventricular ejection fraction, VPD ven-
tricular premature depolarization, VPDCM VPD-mediated cardiomyopathy

Fig. 3 Flow chart of the impact of successful VPD ablation on patients
with baseline renal dysfunction in patients with VPD-mediated
cardiomyopathy. Seventy-two percent of patients had baseline renal
dysfunction. Of these, 81 % had an improvement in the eGFR and
67 % had a significant improvement in eGFR ≥10 % from baseline
following successful ablation. eGFR estimated glomerular filtration rate
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peritubular capillaries, an effect that is alleviated by angioten-
sin receptor blockade. A second important mechanism of an-
giotensin II-induced ischemia is inefficient cellular respiration
and hypoxia via oxidative stress. Thus, angiotensin II induces
tubulointerstitial hypoxia via both hemodynamic and non-
hemodynamic mechanisms [16]. Moreover, Damman et al.
described that an increased central venous pressure is associ-
ated with impaired renal function and is independently related
to all-cause mortality in a broad spectrum of patients with
cardiovascular disease [17]. From our study, recovery of car-
diac function (ΔLVEF ≥10 %) is likely to be an underlying
etiological factor for the increase in systolic blood pressure
independent of changes in antihypertensive medication post-
ablation. One possible mechanistic explanation for the clinical
lag observed in renal function recovery is that increased sys-
tolic blood pressure may have generated more effective pe-
ripheral arterial perfusion of vital organs. In addition, it is

reported that endothelial dysfunction is associated with renal
dysfunction [18], and endothelial dysfunction is improved due
to successful catheter ablation of AF [19]. Maintenance of
sinus rhythm may result into improvement of renal
dysfunction.

4.4 Clinical implications

The present study may improve the recognition and treatment
of individuals with frequent OT VAs that are associated with
the development of VPDCM. Due to the relatively high blood
flow to the kidney, accounting for over 20 % of total cardiac
output, chronic reduction in cardiac function can lead to pro-
gressive renal failure. Therefore, in patients with frequent
VPDs and cardiomyopathy, successful suppression of VPDs
may improve renal function in patients with new-onset kidney
disease, and RFCA should therefore be considered.

Fig. 4 Correlation plot between
improvement in renal function
(ΔeGFR ≥10 %) and
improvement in left ventricular
ejection fraction (ΔLVEF
≥10 %). A significant positive
linear association was observed
(y = 1.71x + 0.41, r = 0.54;
p = 0.04)

Table 4 Independent predictors
of the improvement of renal
function (ΔeGFR ≥10 %) in
patients with VPDCM

Univariable analysis Multivariable analysis

Predictor Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

Baseline characteristics

Sex: female 2.8 (0.83–9.41) 0.06 3.2 (0.86–11.54) 0.08

Medication use

ACE-I or ARB 0.52 (0.16–1.66) 0.26

Echocardiogram findings

ΔLVEF >10 % post-ablation 11.4 (1.02–127.1) 0.04 7.96 (0.87–73.19) 0.07

Catheter ablation outcome

Procedural success 23.4 (1.04–525.0) 0.04 21.0 (1.04–421.4) 0.047

A p value <0.05 was considered significant

ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, eGFR estimated glomerular
filtration rate, HT hypertension, LVEF left ventricular ejection fraction, VPDCM VPD-mediated cardiomyopathy
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5 Study limitations

The study has several limitations. Firstly, ours is a single-
center retrospective observational study. Larger multicenter
studies are warranted to confirm our findings. Secondly, we
acknowledge that proteinuria is an important predictor of car-
diovascular morbidity and mortality, and the role of protein-
uria was not evaluated in this study. Thirdly, the results are not
generalizable to patients with alternative causes for cardiomy-
opathy. Lastly, longer follow-up would be useful to determine
the effects of ablation on renal function in the longer term.

6 Conclusions

This study suggests that successful catheter ablation of OTVA
reduces VPD burden and is associated with improved LVEF
and renal function for patients with VPDCM during medium
term follow-up. Prospective studies with longer follow-up are
warranted.
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