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Abstract

Introduction: Symptoms are the most common indication for ablation in children with
atrioventricular nodal reentrant tachycardia (AVNRT). After the procedure, patients may continue
to report palpitations. The objective of this study was to quantify the risk and duration of
palpitations after pediatric slow pathway modification as well as demographic and technical
associations.

Methods: This was a retrospective review of consecutive patients at a pediatric center who
underwent slow pathway modification for AVNRT from 2012-2018. Patients with a prior ablation
attempt or congenital heart disease were excluded.

Results: Palpitations were documented in 35% of patients after ablation. Neither post-ablation
echo beats nor other evidence of residual dual AV nodal physiology were associated with a higher
risk of post-ablation palpitations. Of the 35 patients with post-ablation palpitations, the median
time to resolution of palpitations was 48 months. Acute procedural success was achieved in all
100 cases. There were two recurrences of AVNRT during long-term follow-up and one instance of
ectopic atrial tachycardia (3% SVT recurrence).

Conclusion: Palpitations after AVNRT ablation occurred in approximately one-third of cases,
despite a low recurrence of true arrhythmia. Prior to ablation, patients and families should be
counseled that post-ablation palpitations are common and AVNRT recurrence is rare.
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Introduction

Methods

Palpitations are the most common symptom associated with atrioventricular nodal reentrant
tachycardia (AVNRT). AVNRT is a paroxysmal arrhythmia that occurs when dual AV nodal
physiology supports a reciprocating tachycardia. It is a common form of supraventricular
tachycardia (SVT) in adolescents and young adults [1]. Symptoms may impact family life,
frequency of medical care, and school attendance. Although AVNRT is not typically life-
threatening, children with SVT have decreased total quality of life scores [2]. Many patients
with symptomatic AVNRT undergo an electrophysiology (EP) study with ablation and
receive slow pathway modification with either cryoablation or radiofrequency (RF) energy.
Elimination of the slow pathway eliminates the substrate for SVT. Ideally, palpitations
should resolve.

Despite the high rate of procedural success in the modern era [3—-18], some patients

report post-ablation palpitations [19-21]. The objective of this study was to determine

the risk of palpitations after AVNRT ablation in children. We also studied technical and
demographic associations with post-ablation palpitations, time to symptom resolution, and
AVNRT recurrence.

We performed a retrospective review of 100 consecutive patients who underwent ablation
for AVNRT from January 2012 through August 2018 at a single tertiary pediatric center.
Three authors (TC, LD, GW) reviewed study reports and tracings to ensure there were either
diagnostic intracardiac AVNRT tracings or evidence of dual AV nodal physiology with prior
outpatient documentation of narrow complex tachycardia. We excluded patients with a prior
ablation attempt and patients with congenital heart disease other than a patent foramen ovale
or physiologic valve regurgitation.

Holter and event monitors were tabulated starting the day after post-ablation discharge.

We did not record patient-reported palpitations that occurred within the first 30 days after
ablation, unless a monitor had been sent. We chose to institute this 30-day delay in our
retrospective review because we counsel all patients to expect isolated palpitations in the
first month after slow pathway modification. Therefore, we do not expect our medical
record to accurately reflect the percentage of patients with palpitations during that period.
Following the 30-day period, we reviewed all clinic visits and phone encounters for patient-
reported palpitations.

We defined palpitations as a written record in the chart of “palpitations” or other words that
suggest sustained arrhythmia symptoms (e.g. “fluttering”, “fast heartbeat™). However, we did
not include words that suggest instantaneous complaints (e.g. “hard beat”, “skipped beat”)
or common complaints that are unreliably associated with arrhythmia (e.g. “chest pain™).
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We were unable to record the frequency of palpitations or additional details regarding the
character of palpitations due to inconsistent documentation in the medical record.

We reviewed technical aspects of the ablation including type of AVNRT, type of ablation
energy (RF or cryoablation), number of ablation lesions, duration of ablation lesions, and
ablation catheter tip length. Similar to prior publications, we used a linear cryoablation
technique that placed a series of lesions from the annulus of tricuspid valve through the
posterior one-third of Koch’s triangle [3,7,10]. We performed RF ablation as previously
described [4]. All intracardiac tracings were reviewed for evidence of dual AV nodal
physiology after ablation. We tabulated any evidence of remaining dual AV nodal
physiology: (1) single echo beats; (2) atrial-to-His (AH) jump, defined as an increase in
the AH interval greater than 50 ms per 10 ms decrement during atrial extra-stimulus testing;
(3) ventricular-to-atrial (VA) jump, using the same millisecond criteria; (4) sustained slow
pathway conduction (SSPC) where the AV interval is longer than the programmed A-A
interval during atrial incremental pacing due to a prolonged AH interval. Residual dual AV
nodal physiology was defined as the presence of one or more of these findings on testing
after the last ablation lesion.

Patients were scheduled for clinic visits at 3 and 12 months post-ablation. Patients

who were asymptomatic with no complications 12 months after ablation were typically
discharged from scheduled follow-up. Ambulatory monitors were 24-hour full-disclosure
Holter monitors or event monitors (Mednet Healthcare Technologies, Ewing, NJ). Event
monitors were either looping (electrodes affixed to the chest 24 hours/day) or non-looping
monitors (placed on the chest at the patient’s discretion). Event monitors were typically
prescribed for 30 days, and the type of event monitor was chosen per the treating physician’s
discretion.

Statistical Methods

Demographic characteristics were summarized by mean and standard deviation or
median and interquartile range, as appropriate. A Wilcoxon rank-sum test was used for
nonparametric comparison of follow-up duration between those with palpitations after
ablation and those without palpitations after ablation. An unadjusted logistic regression
model followed by multivariable analysis was used to test associations of demographic
characteristics and technical aspects of the procedure with post-ablation palpitations.

For those patients with palpitations after ablation, time to resolution of palpitations was
analyzed with a nonparametric survival analysis for interval-censored data. Resolution of
palpitations was defined as the first encounter with no palpitations, after which there were
no subsequent encounters with palpitations. Patients who reported palpitations at their last
follow-up visit were treated as censored at the date of the last follow-up, including in

cases where patients transferred care or were lost to follow-up. Due to interval censoring,
the median time-to-resolution was estimated by imputing survival probabilities within non-
overlapping intervals [22,23].
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In our retrospective review (mean age 14.2 years + 3.7, range 5-24), 35 patients (35%)
reported palpitations after ablation. The median time to resolution of palpitations was 47.7
months (Figure 1). Among the 35 patients with palpitations, 15 became asymptomatic
prior to censoring. The remaining 20 patients still reported palpitations in their most
recent encounter and were therefore right-censored in the analysis. We did not observe a
statistically significant increase in odds of post-ablation palpitations based on sex, age, or
weight (Table 1). The chief complaint prior to ablation was symptomatic SVT in 99/100
cases with one case of asymptomatic SVT on ambulatory monitoring. Median duration of
cardiology follow-up was 364 days (IQR 99, 557) but differed substantially between patients
without palpitations (median 163 days, IQR 83, 409) and with palpitations (median 666
days, IQR 391, 958), p<0.0001).

All 100 ablation patients had acute procedural success (87 typical AVNRT, 13 atypical
AVNRT). Neither inducible SVT nor non-sustained arrhythmia were present during post-
ablation pacing in any patients after the final ablation. On post-ablation testing, 54/100
patients had evidence of dual AV nodal physiology. Isolated AH jump was present in 24/100
cases; VA jump was present in 9/100 cases; echo beats were present in 43/100 cases; and
SSPC was present in 2/100 cases. No patients were discharged from the procedure with
more than two findings of residual dual AV nodal physiology. There was no association
between type of AVNRT or evidence of residual dual AV nodal physiology and odds of
palpitations (Table 2).

Three patients had documented SVT after ablation (3% of the cohort). All three patients
had post-ablation palpitations. Of these, two had recurrence of AVNRT (2% AVNRT
recurrence risk), diagnosed by ambulatory monitor within three months of ablation. One

of the patients with AVNRT recurrence subsequently underwent a successful repeat slow
pathway modification with radiofrequency energy. After her second ablation, she continued
to report palpitations but had no further recurrence of SVT. The other patient with AVNRT
recurrence had documented AVNRT 4 days after ablation and was treated with atenolol. The
third patient had documented SVT 26 days after the ablation, and a follow-up EP study
diagnosed ectopic atrial tachycardia (EAT) near the triangle of Koch. In reviewing the first
study, it was likely that the patient had EAT in both procedures. This case was included

on an intention-to-treat basis because the electrophysiologist at the first study diagnosed
AVNRT and performed slow pathway modification with an apparently successful endpoint
at the end of the first case.

Both AVNRT recurrences occurred in the cryoablation group, but cryoablation was the

only modality in 93% of cases (2.2% AVNRT recurrence risk among patients who

had cryoablation-only). Three patients had RF ablation alone; four patients had both
cryoablation and RF ablation; and seven patients had RF ablation of an accessory pathway
in addition to slow pathway cryoablation. There were no associations between technical
aspects of the procedure and odds of post-ablation palpitations (Table 2). Palpitations were
present in 31/93 patients with cryoablation only, 2/4 patients with cryoablation + RF, and 2/3
patients with RF only.
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Two patients carried a diagnosis of postural orthostatic tachycardia syndrome (POTS) prior
to ablation. Both patients had palpitations after ablation. In addition, one patient with
post-ablation palpitations received a new diagnosis of POTS after ablation. None of the
patients with POTS had SVT recurrence.

In 10 of the 35 patients with palpitations after ablation, reassurance from the
electrophysiologist was sufficient without additional monitoring (29%). One or more
ambulatory monitors were prescribed in 25 of the 35 patients with palpitations (71%). Holter
monitors and event monitors were used with similar frequency (37 event monitors and 43
Holter monitors). Multiple monitors were prescribed in 22/25 patients, and 8/25 patients
received four or more monitors (Figure 2). Of the 25 patients who received monitors,
rhythm-symptom correlation was recorded in 24 patients. SVT recurrence was documented
in three patients, as reported above. Monitoring revealed symptoms that correlated with
isolated atrial or ventricular ectopy in four patients. In the remaining 17 patients, all
symptoms correlated with sinus rhythm on monitors. Thus, there were 11 patients who had
post-ablation palpitations and no rhythm-symptom correlation, either because no symptoms
were captured on an ambulatory monitor or no monitor was prescribed. A sensitivity
analysis excluding the 11 patients without rhythm-symptom correlation and the 3 patients
with SVT recurrence yields only a slightly lower incidence of post-ablation palpitations
(24%). All patients were included in subsequent analyses to avoid selection bias.

Three patients without palpitations received Holter monitors. One had frequent
asymptomatic SVT prior to ablation, and the electrophysiologist wanted to ensure the
patient had no further asymptomatic SVT. One had Wenckebach on inpatient telemetry after
ablation. One had frequent atrial ectopy during the EP study. None of these patients had
documented SVT after ablation.

Discussion

In this study, 35% of children and young adults with structurally normal hearts who
underwent a first ablation procedure for AVNRT continued to report palpitations 30 days
or more after the procedure. There is scant literature available on this topic. One study

of 63 subjects demonstrated post-ablation palpitations risk of 30% for RF and 43% for
cryoablation in AVNRT [19]. Another older study suggested a “major” palpitations risk of
36% after RF ablation for SVT [20]. We counsel patients that palpitations after AVNRT are
common, but recurrence is rare.

In our study, most patients with palpitations after ablation continued to report them for
months to years. However, we do not counsel families that it will necessarily take years

for palpitations to go away. We believe that the duration of palpitations is affected by

the retrospective nature of our study; patients typically stop calling the doctor when their
palpitations resolve. Therefore, our retrospective results are skewed to have more encounters
and a longer follow-up duration in patients with more severe palpitations.

It is not clear why palpitations persist even without recurrence of AVNRT. One plausible
theory is that arrhythmia patients have a heightened awareness of their heart rhythm.
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Thus, benign irregularities such as premature atrial contractions, premature ventricular
contractions, or paroxysmal sinus tachycardia may be perceived as palpitations [20]. This is
consistent with our low recurrence and high number of benign ambulatory monitors during
follow-up, in which symptoms correlated with either sinus rhythm or isolated ectopy. For
now, we can counsel families what to expect, but we cannot provide a universal explanation
as to why palpitations may persist. Regardless of the etiology, the duration of symptoms

in some patients makes it important to explain to families before ablation that not all
post-ablation palpitations are SVT.

There were three patients in this study with a diagnosis of POTS in addition to AVNRT, two
of which had this diagnosis prior to ablation. All three of these patients had persistence of
palpitations after ablation without SVT recurrence. This is not surprising since palpitations
are a common symptom of POTS [24]. Although the sample size of patients with POTS was
too small for sub-group analysis, our data support the common practice of warning patients
with POTS that palpitations may persist after AVNRT ablation.

Neither demographics nor technical aspects of the procedure influenced the risk of post-
ablation palpitations. We did not identify any associations between age, sex, or weight
and odds of post-ablation palpitations. None of the technical aspects of ablation were
independently associated with the odds of palpitations after ablation, including duration
of cryoablation, number of cryoablation lesions, and cryoablation catheter tip length. We
found no association between type of AVNRT or residual dual AV nodal physiology and
post-ablation palpitations.

Multiple ambulatory monitors were used for most of the patients with post-ablation
palpitations. In our center, we plan to decrease the use of ambulatory monitors after AVNRT
ablation, knowing that post-ablation palpitations are common and usually do not represent
true arrhythmia. After a negative monitor with symptoms that correlate to sinus rhythm,
cardiologists should prescribe additional monitors judiciously. We know from prior studies
that late recurrences of AVNRT do occur [13], so a detailed history with attention to changes
in quality, severity, and frequency of palpitations can be helpful in deciding to prescribe
ambulatory monitors.

There has been an ongoing debate about RF energy versus cryoablation energy for AVNRT
in a pediatric population. The two major factors in the current debate have been AVNRT
recurrence and risk of complete heart block. Studies have shown a higher risk of SVT
recurrence in patients who underwent cryoablation compared to RF ablation. In two meta-
analyses, AVNRT recurrence for cryoablation ranged from 9.1-9.7% and for RF ablation
ranged from 3.5-3.8% [25,26]. Therefore, the traditional trade-off has been between higher
efficacy with a small risk of permanent heart block versus lower efficacy with no risk

of heart block. Our AVNRT recurrence of 2.2% after cryoablation compares favorably
with reported AVNRT recurrences after RF ablation and agrees with other recent pediatric
studies with similarly low recurrence after AVNRT cryoablation (Table 3). As pediatric
electrophysiologists have gained experience with cryoablation, recurrence risk seems to be
decreasing, and our AVNRT recurrence risk is consistent with this overall trend.
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Study Limitations

This is a single center retrospective study, with the inherent limitations of chart review,
including limited information on causes of right-censoring. Additionally, the interval
between telephone calls and clinic visits varied between patients. Accordingly, our time-
to-symptom-resolution data is affected by the variability in these intervals. Given the
retrospective nature of the study, we were unable to compare character or frequency of
palpitations before and after ablation. While 99/100 patients had symptoms that correlated to
SVT prior to ablation, not all pre-ablation symptoms were necessarily SVT. Therefore, pre-
and post-ablation symptom comparison was not attempted.

Conclusion

Approximately one-third of patients report palpitations after ablation for AVNRT despite
low risk of SVT recurrence (3%). Prior to ablation, patients and families should be
counseled on the risk of post-ablation palpitations and the low risk of true recurrence.
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Figurel.
Nested diagram of palpitations after AVNRT ablation and time to resolution of symptoms.

All patients in the study are represented in Figure 1A, demonstrating the fraction without
palpitations (black) and with palpitations (blue) after ablation. In Figure 1B, the subgroup
with palpitations is tabulated using an interval-censored Kaplan-Meier survival function,
demonstrating time to resolution of palpitations. At risk numbers are provided assuming
right censoring.
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Number of ambulatory monitors

Quantification of ambulatory arrhythmia monitors among patients who continued to
experience palpitations after ablation. The number of ambulatory monitors (77 total)
includes 30-day event monitors and 24-hour Holter monitors.
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Table 1
Patient Demographics.
All subjects Palpitations after ablation No palpitations after ablation P-val eT
(n = 100) (n=35) (n=65 u
Female (%) 60 (60) 24 (69) 36 (55) 0.20
Age,years=SD  14.2+3.7 143+35 142+39 0.83
Weight, kg (IQR)  57.5 (46.1, 68.6)  57.0 (40.8, 69.2) 57.8 (47.6, 68.4) 0.85

I . .
P-value from logistic regression model

SD = standard deviation; IQR = interquartile range
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Technical aspects of ablation.

Table 2

Page 13

All subjects Palpitations after ablation  No palpitations after P—valueT
(n = 100) (n=35) ablation
(n=65)
Type of AVNRT
Typical 87 30 57 0.77
Atypical 13 5 8
Cryoablation catheter tip length
6mm 42 19 23 0.47
8mm 55 14 41
Total duration of cryoablation in seconds 3463 (2407, 4811) 3377 (2411, 4809) 3532 (2400, 5048) 0.53
(IQR)
Number of cryoablation lesions (IQR) 15 (11, 22) 15 (12, 21) 15 (11, 23) 0.55
Echo beats
No 57 21 36 0.66
Yes 43 14 29
Residual dual AV nodal physiology
No 46 16 30 0.97
Yes 54 19 35

fP-vaIue from logistic regression model, except for cryoablation catheter tip length, which was subjected to multivariate analysis to control for

potential confounding.

IQR = interquartile range
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Table 3

Published risk of AVNRT recurrence in pediatric cohorts.
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First Author Year N % SVT recurrence Mean# follow-up duration, Mean# age, years Ablation energy
months

Siebels!8 2018 379 14 55+ 40 13 RF
Karacan!’ 2018 275 4 2614 11 Cryo
Balli6 2018 109 1 13+6 10 Cryo
Tuzculs 2017 125 10 (6-mm tip) 15+8 14 Cryo

8 (8-mm tip)
Reddy4 2017 117 11 (control) 22 + 17 (control) 14 Cryo

0 (voltage mapping) 15 + 7 (voltage mapping)
Backhoffl3 2016 241 4-11, depending on 12-96 13 (median) Cryo/RF

duration of follow-up
Reddy2 2015 239 1 48 £ 24 8 (young cohort) 15 Cryo/RF

(old cohort)

Kubus!! 2014 205 9-16, depending on era 14 (IQR 6-22) 15 (median) RF
Dragol® 2014 202 11 18-25, depending on subject age 12 Cryo
Qureshi® 2013 51 2 31+10 14 Cryo
Das® 2012 246 7 24 +2 13 Cryo
Silver” 2010 70 3 12+3 15 Cryo
Drago® 2010 74 7 30 (range 2-74) 11 Cryo
LaPage® 2010 61 7 36 £12 13 Cryo
Fishberger* 2010 65 0 33+17 12 RF
Czosek3 2010 58 2 12 16 (median) Cryo

Cryo = cryoablation; RF = radiofrequency; * denotes the reported standard deviation.

All data were drawn from the primary publication and rounded to the nearest whole number. Where median data were reported by the authors,
data are reported here with interquartile range (IQR) or range instead of standard deviation.
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