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Radiofrequency catheter ablation (RFA) has become a mainstay for treatment of cardiac arrhythmias. Skin burns at the site of an
indifferent electrode patch have been a rare, serious, and likely an underreported complication of RFA. The purpose of this study
was to determine the incidence of skin burns in cardiac RFA procedures performed at one institution. Also, we wanted to determine
the factors predicting skin burns after cardiac RFA procedures at the indifferent electrode skin pad site. Methods. A retrospective
case control study was performed to compare the characteristics in patients who developed skin burns in a 2-year period. Results.
Incidence of significant skin burns after RFAwas 0.28% (6/2167). Four of the six patients were female and all were Caucasians. Four
controls for every case were age and sex matched. Burn patients had significantly higher BMI, procedure time, and postprocedure
pain, relative to control subjects (p< 0.05, one-tailed testing). No one in either group had evidence of dispersive padmalattachment.
Conclusions. Our results indicate that burn patients had higher BMI and longer procedure times compared to control subjects.These
findings warrant further larger studies on this topic.

1. Introduction

Radiofrequency catheter ablation (RFA) has become a main-
stay for treatment of cardiac arrhythmias. It is considered a
highly effective treatment modality with a low complication
rate [1, 2]. Up to 3% of patients undergoing radiofrequency
catheter ablation develop major complications from the
procedure. These complications include AV block, cardiac
tamponade, coronary artery spasm, thrombosis, pericardi-
tis, vascular injury, thromboembolism, TIA or stroke, pul-
monary hypertension, pneumothorax, left atrial-esophageal
fistula, and phrenic nerve paralysis [3]. Skin burns at the site
of an indifferent electrode patch have been a rare, serious, and
likely an underreported complication of RFA [4, 5]. Although
different studies have looked at incidence and factors that
have led to skin burns at the site of skin pad attachment
while performing hepatic tumor ablative procedures, [6, 7]
literature related to this complication is scant in cardiac

arrhythmia ablative procedures. Incidence of skin burns at
the site of the indifferent electrode is currently low but it is
likely going to increase in future as higher power settings
and multiple ablations are more frequently used for ablation
of cardiac arrhythmias [8]. Only case reports and case series
have been published in the past.This study aims to determine
the incidence and different factors predicting possible skin
burns at the site of an indifferent electrode patch while
performing these cardiac arrhythmia ablative procedures.

2. Methods

Aretrospective case control study designwas used to examine
the characteristics in patients who developed skin burns
related to the radiofrequency ablation, compared to those
who did not develop this complication during the procedure.
All patients ≥18 years of age who underwent cardiac RFA
procedures from 4/1/2012 to 3/31/2014 that developed skin
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Table 1: Comparisons for nominal variables between the cases (burn patients) and the controls1.

Characteristic Cases (%) Controls (%) 𝑝 value
Hypertension 5/6 (83.3%) 20/24 (83.3%) 0.746
Diabetes 2/6 (33.3%) 5/24 (20.8%) 0.433
Postprocedure pain 4/6 (67.7%) 0/24 (0%) 0.001
Type of skin patch 0.545

3M stockert skin patch 4/6 (66.7%) 14/24 (58.3%)
Valley Lab skin patch 2/6 (33.3%) 10/24 (41.7%)

General anesthesia 4/6 (66.7%) 13/24 (54.2%) 0.469
1The one-tailed Fisher’s exact test was used for the analyses.

Table 2: Comparisons for quantitative variables between the cases (burn patients) and the controls1.

Characteristic Cases (%) Controls (%) 𝑝 value
BMI 36.6 (27.7–65.0) 30.6 (17.6–52.6) 0.044
Procedure time (min) 224.5 (63–332) 122.5 (23–357) 0.035
Maximum temperature (∘C) 55.0 (50.0–65.0) 50.0 (40.0–70.0) 0.078
Maximum current (watts) 60.0 (35.0–70.0) 50.0 (35.0–100.0) 0.325
BMI: body mass index.
1The one-tailed Mann-Whitney U test was used for the analyses.

burns at the site of the indifferent electrode skin patch were
included in the review. Controls, defined as patients>18 years
of age who underwent cardiac RFA procedures and did not
develop skin burns, were randomly selected from the same
time frame and matched on age and sex.

Data collected included patient demographics, patient’s
pastmedical history (e.g., hypertension and diabetes), height,
weight, and BMI. Procedure details (including diagnosis for
ablation, type of sedation used, total procedure time, type
of generator, maximum temperature reached, and maximum
power in watts) were also obtained. Impedance data were not
recorded for this patient population and were not included
in our study. Indifferent electrode skin patch characteristics
(e.g., type, area of attachment, and evidence ofmalattachment
of skin pad at the end of procedure) were collected, as were
data related to the characteristics of the burns (e.g., patient
complains of pain or not and burn degree (redness, second-
degree skin burns, and third-degree skin burns)). Length of
hospital management for the burn was also recorded.

Incidence of skin burns fromRFAwas determined using a
query of all patients who underwent cardiac RFA procedures.
Therewere a total of six patientswho developed a burn during
the study time frame. For the sample size determination, we
assumed an odds ratio of 6.0 as clinically important, with 20%
of the controls exposed to the risk factor and with 𝛼 = 0.05
and 𝛽 = 0.20. We planned to be able to detect a statistically
significant effect with four control patients for every burn
patient, using a one-tailed test. The records from 24 control
patients and six burn patients were reviewed for this study.

Data were analyzed using IBM SPSS Statistics v 21.0.
(Armonk, NY). Quantitative data were analyzed using the
Mann-Whitney 𝑈 test and are shown as the mean ± SD.
Nominal data were analyzed using Fisher’s exact test and are
shown as percentages. Significance was assessed at 𝑝 < 0.05,
using one-tailed testing.

3. Results

Incidence of the significant skin burns after the RFA ablation
procedure was found to be 0.28% (6/2167) during the study
period. Two of our six burn subjects were males and all were
Caucasians. Eight of the 16 control subjects were males, 22/24
were Caucasian, and their age (63.7 ± 8.6 years, mean ± SD)
was similar to that of the burn patients (63.7 ± 8.1 years).
No significant difference was present between cases and
controls with regard to hypertension, diabetes, skin pad, or
type of sedation (Table 1). Postprocedure painwas predictably
present in significantly more cases compared to controls.

No patient in either group had evidence of dispersive pad
malattachment and none of the patients’ hair was removed at
the site of attachment. Subjects with burns had significantly
greater BMI and total procedure time, relative to the control
subjects (Table 2). There were no statistically significant
differences between the cases and controls with regard to
maximum temperature reached or maximum current in
watts.

4. Discussion

Radiofrequency ablation of cardiac arrhythmias uses low
voltage and high frequency electrical energy. During the
management of nonarrhythmic conditions like radiofre-
quency ablation of hepatic tumors, increased level of radiofre-
quency energy is frequently used, causing higher incidence
of potential complications including skin burns at the site
of the indifferent electrode patch [9]. Severe skin burns
occur in 0.1%–3% of patients undergoing RF ablation of solid
abdominal tumors while mild skin burns occur in up to 33%
of such patients [6, 10]. This high rate is postulated to be
secondary to high power settings and prolonged procedure
times during these ablations [11].
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Tissue temperature increases with the passage of electric
current, with the greatest increase in temperature being at
the site of catheter tip, while the temperature increase is
attenuated at the site of indifferent electrode site with the
help of dispersive skin patches. Increase of temperature at the
catheter tip is the foundation of the therapy with RFA as it
causes the local destruction of the tissue. Dispersive skin pads
at the site of the indifferent electrode function to disperse
the electrical energy exiting the body and thus prevent the
occurrence of skin burns by spreading the energy over a larger
surface area [3]. In prior studies, it has been predicted that the
temperature rises to 45–47∘C.At the indifferent electrode site,
there is a risk factor for development of skin burns [12].

Malattachment of dispersive pads, presence of hair at
the site of pad attachment, and increased amount of sub-
dermal fat have been described as known risk factors for
development of skin burns. Fat tissue acts like an insulator
and increases the temperature secondary to increase in
the resistance [9]. Dysfunction of the skin pad by either
malattachment or physical damage concentrates the exiting
current’s available area, resulting in increased tissue temper-
ature and higher risk for development of skin burns.

Our results showed that there was a low incidence of
burns at the indifferent electrode skin pad during RFA
ablation procedures for cardiac arrhythmias. Nevertheless,
this can be a potentially serious complication, as two of our
patients developed third-degree burns requiring increased
burn care. All of our six burn patients were Caucasians,
indicating that there might be a predisposition to develop
the skin burns secondary to skin characteristics. However,
22 of our 24 controls were also Caucasians, thus making
this association weaker as Caucasian patients seem to be
the predominant ethnic group who underwent the RFA
procedures at our institution.

BMI is an important factor which can be helpful in
predicting the patients’ risk of developing skin burns. It is
expected that, with increased body weight, there would be
more impedance during the RFA procedure, resulting in
an increased incidence of the skin burns at the site of the
indifferent electrode. Our results indicated that burn patients
had significantly higher BMI relative to our control subjects.
We suggest that care should be taken in patients who have
increased BMI while performing the RFA procedures.

Hair was not removed at the site of the indifferent
electrode in our patients, as this might lead to the malat-
tachment of the dispersive skin pad, increased resistance,
and thus increased incidence of skin burns which can be
associated with it. There was no evidence of malattachment
of the indifferent electrode in either the cases or the controls.
Another interesting finding was that all patients who had
burns had the indifferent electrode applied to the left flank.
Among the controls, 12 out of 24 patients had the indifferent
electrode attached in the left flank. One patient from the
controls had the placement on the left leg, five had it on
the right leg, and six controls had the indifferent electrode
placed in the right flank region. In a previous study, risk of
development of skin burns was found to be lower in patients
with the dispersive skin pad attached to the thigh as compared
to other body parts [13]. Optimal position of the dispersive

skin pad needs to be studied further as it seems to be an
important risk factor that is easily modifiable.

Four out of our six cases with the skin burns complained
of the pain at the site of indifferent electrode placement. Fur-
ther, these patients had developed second- and third-degree
skin burns. Pain assessment at the end of the procedure for
the patients who are under conscious sedation and at the time
of becoming conscious for those who undergo the procedure
under general anesthesia can be helpful for actively looking
for the skin lesions in a timely manner.

Total procedure time was significantly higher in burn
patients relative to control subjects, suggesting that it may
be a clinically important factor of predicting skin burns.
Increased total procedure time indicates technical difficulty
of the procedure, patient characteristics that are unfavorable,
and/or a difficult to treat arrhythmia requiring increased
duration of the procedure to achieve adequate ablation.

Maximum temperature reached during the procedure did
not seem to have a major impact on our study sample. This
points towards the fact that sustained ablation for longer
period of time is more likely to cause the skin burns than
higher temperature for shorter periods of time. Thus, one of
the important steps in reduction of the post-RFA ablation
skin burns is to not prolong the ablation procedure.

Impedance is an important factor in radiofrequency
ablation procedures and its monitoring can be helpful in
predicting development of skin burns. It is the weighted
average of electrical resistivity of all the tissues between
the ablation catheter and the indifferent electrode patch.
Regions closer to the radiofrequency ablation catheter have
the highest weightage in determination of impedance because
of high electrical density [14].

Important determinants of impedance include increased
body surface area, blood flow to the tissues, coagulum, and
char formation. Volume of resistive medium between the two
electrodes is proportional to the impedance. Thus, obesity
and larger body surface area result in high impedance as
subdermal fat acts as an insulator. Power used in radiofre-
quency ablation of cardiac arrhythmias is proportional to the
voltage and inversely proportional to the system impedance
[15]. Thus, if impedance increases, in order to deliver the
same amount of energy to the cardiac tissue, higher power
settings are needed. As studies have found that high power
and prolonged periods of cardiac ablation are associated with
higher incidence of skin burns, [9] it can be concluded that
the high impedance is a risk factor for development of skin
burns and would be interesting factor to look at in future
studies.

Steam popping is another important phenomenon. Dur-
ing the generation of resistive heat during radiofrequency
ablation of the cardiac arrhythmias, cardiac tissue fluid can
vaporize, forming steam bubbles which can potentially burst
open with an audible pop with continued ablation (generally
occurs at tissue temperatures above 100∘C). An important
potential complication associated with this phenomenon is
cardiac perforation. Steam popping and vaporization have
been associated with a drop in the impedance [16, 17]. The
frequency of the steam pops has been noted to be high with
higher power [18]. Theoretically, steam popping can be used
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as a predictor of skin burns which also can occur at high
power settings. This has not been described in the literature
before and can be looked at in future studies as a potential
predictor.

Further studies are needed to assess other possible predic-
tors including impedance and voltage and for confirmation
of our results. Establishment of these predictors would help
decrease this possible complication, which can be a major
issue in many patients.

5. Limitations

An important limitation of the study is its small sample size.
Another important limitation is the fact that we did not
have the complete records of the important possible predictor
of voltage used during the procedure. Therefore, we could
not assess any association with it. We used a case control
study design, which could raise concerns as to whether there
might be other differences between the cases and controls
which could be driving the significant differences seen in this
study. Finally, a decision was made at the time of writing
the protocol to use one-tailed testing for all of the statistical
analyses.

6. Conclusion

This is the first comparative study reporting on skin burns
following RFA. Although the sample size was small, burn
patients had significantly higher BMI, procedure times, and
postprocedure pain relative to control subjects. While larger
studies are needed to confirm these findings, these results
should be kept in mind when planning to perform RFA.

Competing Interests

The authors declare that there are no competing interests
regarding the publication of this paper.

References

[1] G. Hindricks, “The Multicentre European Radiofrequency
Survey (MERFS): complications of radiofrequency catheter
ablation of arrhythmias,” European Heart Journal, vol. 14, no. 12,
pp. 1644–1653, 1993.

[2] T. Rostock, T. Risius, R. Ventura et al., “Efficacy and safety
of radiofrequency catheter ablation of atrioventricular nodal
reentrant tachycardia in the elderly,” Journal of Cardiovascular
Electrophysiology, vol. 16, no. 6, pp. 608–610, 2005.

[3] S. R. Vanga, M. Biria, L. Berenbom, J. Vacek, and D. R.
Lakkireddy, “Skin burns at the site of indifferent electrode
after radiofrequency catheter ablation of AV node for atrial
fibrillation,” Journal of Atrial Fibrillation, vol. 1, no. 2, pp. 11–14,
2008.

[4] P. S. Dhillon, H. Gonna, A. Li, T. Wong, and D. E. Ward,
“Skin burns associated with radiofrequency catheter ablation of
cardiac arrhythmias,” Pacing and Clinical Electrophysiology, vol.
36, no. 6, pp. 764–767, 2013.

[5] A. Goette, S. Reek, H. U. Klein, and J. Christoph Geller, “Case
report: severe skin burn at the site of the indifferent electrode

after radiofrequency catheter ablation of typical atrial flutter,”
Journal of Interventional Cardiac Electrophysiology, vol. 5, no. 3,
pp. 337–340, 2001.

[6] H. Rhim, K.-H. Yoon, J.M. Lee et al., “Major complications after
radio-frequency thermal ablation of hepatic tumors: spectrum
of imaging findings,” Radiographics, vol. 23, no. 1, pp. 123–136,
2003.

[7] T. de Baère, O. Risse, V. Kuoch et al., “Adverse events during
radiofrequency treatment of 582 hepatic tumors,” American
Journal of Roentgenology, vol. 181, no. 3, pp. 695–700, 2003.

[8] S. J. Trivedi, T. W. Lim, M. A. Barry et al., “Clinical evaluation
of a new technique to monitor return electrode skin tempera-
ture during radiofrequency ablation,” Journal of Interventional
Cardiac Electrophysiology, vol. 36, no. 3, pp. 307–314, 2013.

[9] K. Steinke, S. Gananadha, J. King, J. Zhao, and D. L. Morris,
“Dispersive pad site burns with modern radiofrequency abla-
tion equipment,” Surgical Laparoscopy, Endoscopy & Percuta-
neous Techniques, vol. 13, no. 6, pp. 366–371, 2003.

[10] S. Mulier, P. Mulier, Y. Ni et al., “Complications of radiofre-
quency coagulation of liver tumours,” British Journal of Surgery,
vol. 89, no. 10, pp. 1206–1222, 2002.

[11] J. Machi, “Prevention of dispersive pad skin burns during
RFA by a simple method,” Surgical Laparoscopy, Endoscopy and
Percutaneous Techniques, vol. 13, no. 6, pp. 372–373, 2003.

[12] J. A. Pearce, L. A. Geddes, J. F. van Vleet, K. Foster, and
J. Allen, “Skin burns from electrosurgical current,” Medical
Instrumentation, vol. 17, no. 3, pp. 225–231, 1983.

[13] S. Nath, J. P. DiMarco, R. G. Gallop, I. D. McRury, and D. E.
Haines, “Effects of dispersive electrode position and surface
area on electrical parameters and temperature during radiofre-
quency catheter ablation,” American Journal of Cardiology, vol.
77, no. 9, pp. 765–767, 1996.

[14] D. Haemmerich, “Biophysics of radiofrequency ablation,” Crit-
ical Reviews in Biomedical Engineering, vol. 38, no. 1, pp. 53–63,
2010.

[15] M. Borganelli, R. El-Atassi, A. Leon et al., “Determinants
of impedance during radiofrequency catheter ablation in
humans,” The American Journal of Cardiology, vol. 69, no. 12,
pp. 1095–1097, 1992.

[16] J. Seiler, K. C. Roberts-Thomson, J.-M. Raymond, J. Vest, E.
Delacretaz, and W. G. Stevenson, “Steam pops during irrigated
radiofrequency ablation: feasibility of impedance monitoring
for prevention,”Heart Rhythm, vol. 5, no. 10, pp. 1411–1416, 2008.

[17] H. Iida, T. Aihara, S. Ikuta, and N. Yamanaka, “Effectiveness
of impedance monitoring during radiofrequency ablation for
predicting popping,”World Journal of Gastroenterology, vol. 18,
no. 41, pp. 5870–5878, 2012.

[18] C.Theis, T. Rostock,H.Mollnau et al., “The incidence of audible
steam pops is increased and unpredictable with the Thermo-
Cool� surroundflowcatheter during left atrial catheter ablation:
a prospective observational study,” Journal of Cardiovascular
Electrophysiology, vol. 26, no. 9, pp. 956–962, 2015.


