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ABSTRACT
Background: Patients after ablation for tachyarrhythmias may
continue to experience palpitations in the setting of sinus rhythm. The
objective of our study was to investigate if patients who have under-
gone ablation for tachyarrhythmia have palpitations and other somatic
complaints more frequently than healthy controls.
Methods: Paediatric patients after ablation for tachyarrhythmia at BC
Children’s Hospital from 2009 to 2020 and healthy controls were
invited to participate in a survey about palpitations. Demographics,
palpitation symptoms, frequency, duration, and need for medical
attention were collected and compared between patients and controls.
https://doi.org/10.1016/j.cjcpc.2022.12.004
2772-8129/� 2022 Published by Elsevier Inc. on behalf of the Canadian Cardiovasc
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : Après le traitement d’une tachyarythmie par ablation, les
patients peuvent continuer de ressentir des palpitations en rythme
sinusal. Notre �etude avait pour objectif d’examiner si les patients ayant
subi une ablation pour traiter une tachyarythmie pr�esentaient plus
fr�equemment des palpitations et d’autres symptômes somatiques que
des t�emoins en bonne sant�e.
M�ethodologie : Une invitation à r�epondre à un sondage portant sur les
palpitations a �et�e transmise aux patients ayant subi une ablation au
cours de leur enfance pour traiter une tachyarythmie au BC Children’s
Hospital entre 2009 et 2020 ainsi qu’à des t�emoins en bonne sant�e.
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Results: We received responses from 111 patients (response rate of
27.5%; mean age ¼ 20.0 � 4.6 years, 52% male) and 62 controls
(age ¼ 19.8 � 5.7 years, 40% male). Sixty-two (56%) patients expe-
rienced palpitations beyond the initial 4 weeks after ablation, of whom
77% (n ¼ 48/62) reported their palpitations feeling different. Tachy-
arrhythmia recurrence rate after ablation was 7.2%. There was no
difference in the prevalence of palpitations experienced between pa-
tients and controls (P ¼ 0.74). Patients after ablation sought medical
attention more often for their palpitations (P ¼ 0.003) and chest
symptoms (P ¼ 0.001) compared to controls.
Conclusion: The prevalence of palpitations did not differ in ablation
patients compared to healthy controls. Patients reported that their
palpitations felt different after ablation and were more likely to seek
medical attention for their palpitations. Paediatric patients with
tachyarrhythmias may have heightened awareness due to their history.
Clinicians can incorporate this into procedural counselling to reduce
patient concern and need for medical attention.

Des renseignements d�emographiques et des informations sur les
symptômes de palpitation, leur fr�equence, leur dur�ee et le besoin de
consulter un m�edecin ont �et�e recueillis, puis des comparaisons ont �et�e
effectu�ees entre les patients et les t�emoins.
R�esultats : Nous avons reçu une r�eponse au sondage de la part de
111 patients (taux de r�eponse de 27,5 %; âge moyen ¼ 20,0 � 4,6
ans, dont 52 % de sexe masculin) et de la part de 62 t�emoins (âge ¼
19,8 � 5,7 ans, dont 40 % de sexe masculin). Soixante-deux patients
(56 %) ont eu des palpitations au-delà de la p�eriode initiale de quatre
semaines suivant l’ablation, et 77 % (n ¼ 48 sur 62) d’entre eux ont
mentionn�e ressentir des palpitations de nature diff�erente. Le taux de
r�ecurrence de la tachyarythmie après l’ablation s’�elevait à 7,2 %.
Aucune diff�erence n’a �et�e observ�ee entre la pr�evalence des palpita-
tions chez les patients et chez les t�emoins (p ¼ 0,74). Comparative-
ment aux t�emoins, les patients ayant subi une ablation ont consult�e
plus souvent un m�edecin en raison de leurs palpitations (p ¼ 0,003) et
de leurs symptômes thoraciques (p ¼ 0,001).
Conclusion : La pr�evalence des palpitations chez les patients ayant
subi une ablation n’�etait pas diff�erente de celle observ�ee chez les
t�emoins en bonne sant�e. Les patients ont rapport�e ressentir des pal-
pitations de nature diff�erente après leur ablation, et ils �etaient plus
susceptibles que les t�emoins de consulter un m�edecin en raison de
leurs palpitations. Il se pourrait que les patients atteints de tachy-
arythmie au cours de l’enfance se montrent plus vigilants en raison de
leurs ant�ec�edents. Les cliniciens peuvent int�egrer ces observations au
processus de consultation afin de diminuer les inqui�etudes des pa-
tients et le besoin de consulter un m�edecin.
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Palpitations are among the most common symptoms reported
by paediatric and adult patients presenting to primary care
providers and cardiologists. Cardiac etiologies account for
approximately 40% of all palpitation reports;1,2 among them,
supraventricular tachycardias (SVT) are a frequent cause.
Symptoms from SVT may impact daily life and the frequency
for which medical care is sought. Catheter ablation (CA) is a
safe and effective first-line therapy for SVT3-6 and can greatly
improve the symptom burden.

The CA success rate in paediatric populations is reported
between 92 and 98%.7-10 Despite this high procedural success
rate in the modern era, patients may continue to experience
palpitations in the absence of any abnormalities seen on
electrophysiological restudy.4,11 Persistent palpitations in the
setting of sinus rhythm are a common complaint among post-
ablation patients in the outpatient cardiology clinic. Studies
investigating this phenomenon in adult populations reveal
that palpitations are frequently experienced after ablation but
have a poor predictive value of arrhythmia recurrence.4,11 This
suggests a possible increased awareness of a normal heartbeat.
There is currently a limited understanding of the events that
are responsible for heartbeat sensation, the involved afferent
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sensory pathways, and the higher-order processing responsible
for filtering, modulating, and amplifying these stimuli.

We hypothesize that the brain-heart connection respon-
sible for heartbeat awareness would be strengthened in pae-
diatric patients with a history of symptomatic arrhythmia,
resulting in a heightened awareness of cardiac symptoms. The
aim of our study was to investigate if patients with ablated
tachyarrhythmias complained of more palpitations compared
to healthy controls.
Methods

Patients

Patients treated by radiofrequency ablation or cryoablation
at BC Children’s Hospital between January 1, 2009, and
December 31, 2020, who fulfilled the following inclusion
criteria were enrolled in the study: (1) documented symp-
tomatic or asymptomatic SVT inclusive of atrioventricular re-
entrant tachycardia, atrioventricular nodal re-entry tachy-
cardia, atrial tachycardia, and Wolff-Parkinson-White before
the CA procedure; (2) had at least 1 year of follow-up in clinic
after the CA procedure; (3) between 7 and 30 years of age at
study entry but had a CA procedure performed at �19 years
of age; (4) a structurally normal heart; and (5) ability to read
in the English language.

Controls

Community controls were included if they were between 7
and 30 years of age, had no prior history of arrhythmia or
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Figure 1. Patient survey responses and indications for ablation therapy. The survey response rate was 27.5%, and only complete responses were
analysed. Substrate for supraventricular tachycardia listed as “Other” included empiric AV node modification and Mahaim pathway. AT, atrial
tachycardia; AVNRT, atrioventricular nodal re-entry tachycardia; AVRT, atrioventricular re-entrant tachycardia; WPW, Wolff-Parkinson-White.
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other known heart disease, had never received treatment for a
heart condition (including medications, surgery, or CA), and
were able to read in the English language. The community
control group was recruited through social media postings,
physical posters, and email communication disseminated
throughout the BC Children’s Hospital campus.

Survey

We developed an electronic survey using REDCap, a
secure web application, to determine if patients and controls
experienced any palpitation symptom burden and, if so, to
characterize those palpitations. Survey questions targeted de-
mographics, existing medical conditions, time of palpitation
onset in relation to time since CA and frequency, duration,
and sensation of palpitations (ie, “heart pounding,” “heart
racing,” “skipped/extra beats,” and “heart fluttering”). In
addition, questions about any chest symptoms experienced (ie,
“chest pain/discomfort,” “chest tightness,” “chest pounding,”
“flip-flopping within chest,” and “chest fluttering”) and
whether or not medical attention was sought for chest or
palpitation symptoms were included in the survey. A detailed
summary of survey questions can be found in Supplemental
Appendix S1.

Statistical analysis

Only complete survey responses from participants were
included in data analysis. Data were analysed using SPSS
version 25.0 software (IBM Corp, Armonk, NY). Nominal
variables were expressed as counts (n) and percentages (%).
Continuous variables were presented as mean with standard
deviation. Descriptive statistics were reported for existing
medical conditions for patients and controls. Palpitation
symptoms, frequency, duration, and need for medical atten-
tion between patient and control groups were compared using
a c2 test. A c2 test was used if >20% of expected cell counts
were more than 5, and a Fisher’s exact test was used when
>20% of expected cell counts were less than 5. Significance
was considered when the 2-sided P value was <0.05.
Results
Of 403 ablation patients who were contacted to participate

in the survey, 111 (27.5%) who completed responses were
analysed (52% male, mean age 20.0 � 4.6 years). The mean
age of patients at the time of ablation was 13.6 � 3.2 years.
The mean time from the procedure to study participation was
6.1 � 3.3 years. Of the 111 patients, ablation was indicated
for Wolff-Parkinson-White in 39 patients (35%), followed by
atrioventricular re-entrant tachycardia in 34 patients (31%),
atrioventricular nodal re-entry tachycardia in 30 patients
(27%), atrial tachycardia in 2 patients (2%), and other sub-
strate for SVT (ie, empiric AV node modification and the
Mahaim pathway) in 6 patients (5%) (Fig. 1). Tachyar-
rhythmia recurrence rate after ablation was 7.2%. A total of
62 (56%) patients continued to experience palpitations
beyond the initial 4 weeks after their ablation. Thirty (48%)
patients reported ongoing symptoms for years after the pro-
cedure, and 44 (40%) experienced them within 6 months of
survey completion. Forty-eight (77%) patients who continued
to experience palpitations after ablation reported that their
palpitations felt different compared with those experienced
before their procedure.

Sixty-two control responses were collected (40% male,
mean age 19.8 � 5.7 years). There was no difference in the
prevalence of palpitations experienced between post-ablation
patients and controls (56% [n ¼ 62] for patients compared
with 53% [n ¼ 33] for controls, P ¼ 0.74). Patients expe-
rienced significantly more skipped/extra beats, heart flutter-
ing/racing, and were more likely to describe multiple
palpitation-related symptoms compared with controls (P <
0.001). Most patients experienced palpitations on a monthly
frequency with episodes lasting for seconds, whereas most
controls experienced palpitations on a daily frequency with



Table 1. Symptoms, frequency, and duration of palpitations between
post-ablation patients and controls who reported palpitations

Patients
(n ¼ 44)

Controls
(n ¼ 33) P value

Symptoms
Heart pounding 17 (39) 23 (70) 0.007
Heart racing 19 (43) 12 (36) 0.546
Skipped beats/extra beats 31 (71) 6 (18) <0.001
Heart fluttering 21 (48) 2 (6) <0.001
Heart about to start racing 17 (39) 2 (6) 0.001
Other 2 (5) 0 (0) 0.215

Frequency of palpitations
Hourly 2 (5) 7 (21) 0.033
Daily 3 (7) 11 (33) 0.006
Weekly 9 (20) 6 (18) 0.803
Monthly 19 (43) 6 (18) 0.020
Yearly 11 (25) 3 (9) 0.084

Duration of palpitations
Seconds 29 (66) 21 (64) 0.836
Minutes 13 (30) 11 (33) 0.722
Hours 2 (5) 0 (0) 0.215
Days 0 (0) 0 (0) N/A
Unknown 0 (0) 1 (3) 0.429

Data are expressed as n (%).
N/A, not applicable.

Figure 2. Reported comorbidities among post-ablation patients and
controls.

Li et al. 109
Palpitations in Young Patients After Ablation
episodes also lasting for seconds (Table 1). Controls (85%,
n ¼ 53) reported more chest symptoms compared with pa-
tients (63%, n ¼ 70) (P ¼ 0.001). However, patients sought
medical attention more often than controls for their palpita-
tions (patients: 43%; controls: 12%; P ¼ 0.003) and chest
symptoms (patients: 44%; controls: 13%; P ¼ 0.001). Mental
health (35%, n ¼ 21) conditions were the most reported
comorbidity among patients, whereas skin conditions (13%,
n ¼ 8) were the most common among controls (Fig. 2).
Among controls and patients who reported palpitations, there
was no difference in palpitation prevalence between those who
had greater than 1 comorbidity versus a singular comorbidity
(P ¼ 0.23).
Discussion
To our knowledge, this is the first study to report and

compare to healthy controls the prevalence of palpitations in
patients who have undergone successful ablation. Our results
show that 56% of paediatric patients who undergo ablation
for tachyarrhythmia continue to experience palpitations
beyond the initial 4 weeks after their ablation. The prevalence
of palpitations in patients may not differ from healthy controls
who have never had a history of an arrhythmia or undergone
ablation. These results suggest that our initial hypothesis that
patients after ablation would report a higher prevalence of
palpitations compared with healthy controls was incorrect.
Previous studies in paediatric cohorts report a palpitation
prevalence between 35% and 43%.12-14

Similarly, we found that 53% of our control population
reported palpitations. A previous study reported palpitations
associated with sinus rhythm in up to 39% of individuals.15

Given the limited number of studies of palpitations in
healthy paediatric controls, it is difficult to interpret whether
the prevalence of palpitations reported in our control popu-
lation is consistent with the normal population.

The etiology of persistent palpitations despite successful
arrhythmia ablation remains unclear. It is possible that the
more attention individuals devote to cardiac activity, the more
accurate it becomes.11,16,17 Patients with longstanding docu-
mented arrhythmias who have not undergone ablation ther-
apy demonstrate superior performance on heartbeat detection
testing compared with their sinus rhythm and healthy control
counterparts.11,16 Patients learn to discriminate rhythm ir-
regularities from normal heartbeats and label them as palpi-
tations.4 In our study, the majority of patients (77%) felt a
difference in their palpitations before and after successful
ablation, which may reflect their heightened ability to detect
subtle differences in heart rhythm activity. Although the
prevalence of palpitations did not significantly differ between
patients and controls, patients with a history of tachyar-
rhythmias may have been more likely to seek medical atten-
tion for their palpitations out of concern for recurrence of
their arrhythmia.

Adrenergic environments and situations are also known to
play a role in promoting brain-heart connections. Through
heartbeat detection tasks, patients with greater beta-adrenergic
sympathetic cardiac activation and inotropic activity have
better ability to perceive their heartbeat at rest and during
emotional activation.18,19 This is supported by the fact that
heartbeat perception is improved during or immediately after
physical exercise.20 Patients with anxiety disorders are known
to have increased beta-adrenergic receptor sensitivity
compared with the normal population;21 these patients are
more vigilant to cardiorespiratory symptoms relative to other
body symptoms.22,23 Mental health conditions including
anxiety were the most reported comorbidities within our pa-
tient cohort; however, we did not identify any associations
between individual or multiple comorbid health conditions
and the odds of post-ablation palpitations.

Clinicians should consider the post-ablation prevalence of
palpitations when counselling patients and their families about
the procedure to appropriately manage expectations. Patients
can be informed that not all post-ablation palpitations
represent SVT. Rather, emphasis should be placed on being
aware of the dangerous signs and symptoms that should
necessitate presentation to medical attention.

Further investigation of the brain-heart connection and
cardiac interoception should be pursued. Prospective studies
should also focus on the effect of environmental influences in
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the form of verbal discussion and suggestion on the brain-
heart connection and perception of palpitations.

Study limitations

This was a single-centre retrospective study, and our
sample size of post-ablation patients was relatively small. Re-
sponses from patients and controls were subject to recall bias
because those with a longer duration between the procedure
and study entry may have had difficulty recalling their
symptoms compared with participants who had their pro-
cedure recently. Participating healthy controls may have been
subject to selection bias. The recruitment invitations had
described the purpose of the study and included the term
“palpitations”. Individuals with palpitations may have been
more inclined to participate compared with those without
palpitations or those who did not understand the term;
however, it is necessary to adequately describe the purpose of
the study to potential participants in order to adhere to ethical
research standards. For instance, some control participants
may have had palpitations in the past and wished to learn
more about their symptoms; others may have wanted to
contribute to medical research regardless of their history of
palpitations. It is difficult to differentiate controls in these
types of research studies. Limited data is available in the
literature surrounding the prevalence of palpitations in healthy
controls, thus making it difficult to ascertain if our results are
representative of the normal population. We could not
confirm if controls participating in our study were truly
healthy individuals as the comorbid health conditions listed in
the survey were not well defined. The experience of palpita-
tions is subjective and varies substantially between individuals.
Conclusion
Patients reported their palpitations as feeling different after

ablation and were more likely to seek medical attention for
their palpitations. Although the prevalence of palpitations does
not differ in paediatric patients who have undergone a suc-
cessful ablation procedure compared with healthy controls,
paediatric patients with tachyarrhythmias may have a height-
ened awareness or vigilance of their heartbeat. Clinicians can
consider incorporating these findings into procedural counsel-
ling to reduce the concern and need for medical attention.
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