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Introduction
Catheter ablation is an effective treatment for symptomatic
focal atrial tachycardia (AT).1 Owing to its proximity to the
anterolateral junction between the superior vena cava and
right atrium (RA), collateral injury to the phrenic nerve is a
rare but potential complication associated with ablation
targeting this area. Collateral damage is most often seen dur-
ing cryoballoon ablation of atrial fibrillation (AF) (3%–6%)
but has also been reported during AT radiofrequency ablation
(w1%).2 Epicardial catheter manipulation and balloon infla-
tion have been used to displace the phrenic nerve, but high
complication rates have been reported.3 Here we report a
44-year-old woman with intractable palpitations owing to
AT located directly over the right phrenic nerve, in whom
video-assisted thoracoscopy to displace the phrenic nerve
during ablation enabled curative therapy with no significant
complications.
Case report
A 44-year-old woman with a family history of sudden car-
diac death attributable to hypertrophic cardiomyopathy, a
personal history of cardiomyopathy, nonsustained ventricu-
lar tachycardia, subcutaneous implantable cardioverter-
defibrillator for primary prevention of sudden death, and
double aortic arch was referred for catheter ablation of
recurrent AT causing frequent palpitations, dizziness, and
near-syncope despite antiarrhythmic drug therapy with sota-
lol. Her electrocardiogram showed sinus rhythm with
frequent premature atrial complexes (PACs) (Figure 1).
Patch monitoring showed a 15% PAC burden and 5133 ep-
isodes of AT over a period of nearly 13 days. The longest
episode was 27 seconds and correlated with her symptoms.
Echocardiogram showed normal left ventricular wall thick-
ness but a mildly reduced ejection fraction (51%) with
KEYWORDS Atrial tachycardia; Epicardial access; Phrenic nerve; Radiofre-
quency catheter ablation; Video-assisted thoracic surgery
(Heart Rhythm Case Reports 2018;4:304–306)

Drs Mesquita and Bisla contributed equally to this manuscript. Address
reprint requests and correspondence: Dr Marco Perez, 300 Pasteur Dr,
M/C 5773, Stanford, CA 94305. E-mail address: mvperez@stanford.edu.

2214-0271/© 2018 Heart Rhythm Society. Published by Elsevier Inc. This is an op
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4
diffuse hypokinesis. Stress echocardiogram showed no
evidence of ischemia.

First electrophysiological study
A duodecapolar catheter was advanced transvenously to the
distal coronary sinus with proximal poles in the mid/high
RA, and a quadripolar catheter was placed in the His position.
No sustained AT was observed spontaneously or by pacing.
Spontaneous PACs were frequent, however. Activation map-
ping revealed that the most frequent morphology was located
in the posteriorlateral RA. High output pacing at this region
caused phrenic nerve stimulation. Less frequent PAC mor-
phologies were also noted to be very close to the phrenic
nerve outline (Figure 2). Therefore, ablation was deferred
at the time.

Novel hybrid procedure for phrenic nerve
displacement
A repeat endomyocardial catheter ablation attempt was per-
formed 12 weeks later, combined with a video-assisted
thoracic surgery (VATS) approach under general anesthesia.
The patient had a relatively anteriorly displaced phrenic nerve
that was densely adherent to the RA. An initial 10-mm inci-
sion was made in the fourth intercostal space along the ante-
rior axillary line. Blunt dissection was carried down the chest
wall and the chest was entered bluntly with a digit. Digital
sweep revealed no adherent lung. A 12-mm trocar was then
placed into this incision and the thoracoscopic camera was
inserted to verify appropriate placement. The lung was then
insufflated with carbon dioxide. A second 12-mm trocar
was placed in the sixth intercostal space along the anterior
axillary line. A 5-mm trocar was placed in the midclavicular
line along the second intercostal space. The pericardium was
then lifted and a pericardiotomywasmade 2 cm anterior to the
phrenic nerve. This was extended inferiorly and superiorly
with Bovie cautery (Figure 3A). A silk suture was then placed
in the midpoint of the pericardium and externalized through
the chest wall. Gentle traction on the suture was able to
displace the lateral pericardial wall (Figure 3B).

The lung was again insufflated and the suture was released
to allow us to perform activation mapping, after which we
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KEY TEACHING POINTS

� Pacing prior to ablation in the atrium for atrial
tachycardia can identify areas of phrenic nerve
stimulation that require alternative ablation
strategies.

� Existing methods to displace the phrenic nerve
carry high rates of complications.

� Video-assisted thoracic surgery–guided phrenic
nerve displacement is a feasible method to safely
perform ablation when there is phrenic nerve
stimulation at the arrhythmia focus.

Figure 2 Electroanatomical activation mapping showing the sites of
earliest activation during premature atrial contractions. The phrenic nerve
capture area is also highlighted (blue circles), clearly overlapping the target
ablation area.
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confirmed the absence of stimulation of the phrenic nerve
with high output pacing.

The patient remained in sinus rhythm during the electro-
physiological study, with no inducible sustained tachycardia.
Activation mapping of the frequent monomorphic PACs
again revealed the site of earliest activation in the low
posterior-lateral RA. After deflation of the right lung and
placing of traction on the sutures, absence of phrenic nerve
stimulation with high output pacing was confirmed at the
site of earliest right atrial activation (Supplemental Movie
1). Radiofrequency ablation using an irrigated-tip catheter
with a 60-second lesion at 40 watts was delivered at the
site of earliest activation. After the first lesion and for the
remainder of the case, no further PACs were observed. Addi-
tional lesions were delivered in a rosette surrounding the
earliest site in the posterior-lateral RA (Supplemental
Figure 1). Following completion of the atrial ablation, the
pericardiumwas reapproximated with interrupted silk sutures
and a 24 French Blake drain was placed through the inferior
trocar.

The patient tolerated the procedure well, with no compli-
cations during or after intervention. Pain was controlled
with oral medication. She was discharged 48 hours after
the procedure and remained symptom free, off antiar-
rhythmic medications, on a 3-month follow-up assessment.
Figure 1 Electrocardiogram showing normal sinus rhythm with an
average ventricular rate of 63 beats per minute. Multiple premature atrial
complexes were observed.
Repeat patch monitoring showed underlying sinus rhythm
with only rare PACs (,1.0%) and no episodes of AT
over a 14-day period.
Discussion
Phrenic nerve injury remains a rare complication of right-
sided ablation (AT/AF), with the majority of cases resolving
within 12 months.2,4 Nevertheless, phrenic injury may persist
in 33% of patients and may be associated with significant
morbidity.3 The reported 7%–19% incidence of phrenic
nerve injury with second-generation cryoballoon for the
treatment of AF has raised concerns about this issue.5,6

When the area targeted for ablation overlaps the zone of
phrenic nerve capture, several nonsurgical approaches have
been proposed to displace the nerve and allow ablation.7,8

These include epicardial catheter manipulation and balloon
inflation. However, these techniques are limited by a high
rate of complications, including pericardial bleeding,3 and
safer approaches are needed.

To the best of our knowledge, this is the first report of a
hybrid VATS-guided phrenic nerve displacement procedure
combined with an endomyocardial atrial arrhythmia ablation.
This novel hybrid approach enabled dynamic movement of
the phrenic nerve as the ablation zone was fine-mapped,
and enabled successful therapy with no immediate complica-
tions. As hybrid surgical and endocardial ablation
approaches become more commonly performed, VATS-
mediated displacement will become more accessible.
Although several studies have shown that a hybrid approach



Figure 3 A: Pericardiotomy extended inferiorly and superiorly with the
Bovie cautery. B: Placement of a silk suture in the mid point of the incised
pericardium, which was externalized through the chest wall. Gentle traction
on the suture was able to retract the lateral pericardial wall.
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combining VATS epicardial and catheter endocardial abla-
tion of AF is feasible and improves outcomes9—especially
for nonparoxysmal patients and those with a dilated left
atrium—this combined technique has rarely been reported
for the treatment of other arrhythmias.

Furthermore, a left-sided approach can be performed as
well. However, the phrenic nerve is significantly more ante-
rior on that side and rarely overlaps the left atrium proper.
Typically, the only area where it is close is within the left
atrial appendage.
Conclusion
VATS-mediated displacement of the phrenic nerve is a
feasible method to displace the right phrenic nerve and enable
ablation of nearby cardiac structures.
Appendix
Supplementary Data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2018.
03.011.
References
1. Page RL, Joglar JA, Caldwell MA, et al. 2015 ACC/AHA/HRS Guideline for the

Management of Adult Patients With Supraventricular Tachycardia: Executive
Summary. Circulation 2016;133:e471–e505.

2. Bai R, Patel D, Di Biase L, et al. Phrenic nerve injury after catheter ablation:
should we worry about this complication? J Cardiovasc Electrophysiol 2006;
17:944–948.

3. Kumar S, Barbhaiya CR, Baldinger SH, Koplan BA, Maytin M, Epstein LM,
John RM, Michaud GF, Tedrow UB, Stevenson WG. Epicardial phrenic nerve
displacement during catheter ablation of atrial and ventricular arrhythmias. Circ
Arrhythmia Electrophysiol 2015;8:896–904.

4. Lee JC, Steven D, Roberts-Thomson KC, Raymond J-M, Stevenson WG,
Tedrow UB. Atrial tachycardias adjacent to the phrenic nerve: recognition, poten-
tial problems, and solutions. Heart Rhythm 2009;6:1186–1191.

5. Neumann T, Vogt J, Schumacher B, et al. Circumferential pulmonary vein
isolation with the cryoballoon technique. J Am Coll Cardiol 2008;
52:273–278.

6. Casado-Arroyo R, Chierchia GB, Conte G, Levinstein M, Sieira J, Rodriguez-
Ma~nero M, Di Giovanni G, Baltogiannis Y, Wauters K, De Asmundis C,
Sarkozy A, Brugada P. Phrenic nerve paralysis during cryoballoon ablation for
atrial fibrillation: a comparison between the first- and second-generation balloon.
Heart Rhythm 2013;10:1318–1324.

7. Matsuo S, Jaïs P, Knecht S, Lim KT, Hocini M, Derval N, Wright M, Sacher F,
HaïssaguerreM. Novel technique to prevent left phrenic nerve injury during epicar-
dial catheter ablation. Circulation 2008;117.

8. Stark S, Roberts DK, Tadros T, Longoria J, Krishnan SC. Protecting the right
phrenic nerve during catheter ablation: techniques and anatomical considerations.
HeartRhythm Case Rep 2017;3:199–204.

9. La Meir M, Gelsomino S, Luc�a F, Pison L, Parise O, Colella A, Gensini GF,
Crijns H, Wellens F, Maessen JG. Minimally invasive surgical treatment of
lone atrial fibrillation: early results of hybrid versus standard minimally inva-
sive approach employing radiofrequency sources. Int J Cardiol 2013;
167:1469–1475.

https://doi.org/10.1016/j.hrcr.2018.03.011
https://doi.org/10.1016/j.hrcr.2018.03.011
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref1
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref1
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref1
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref2
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref2
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref2
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref3
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref3
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref3
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref3
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref4
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref4
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref4
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref5
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref5
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref5
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref6
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref7
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref7
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref7
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref8
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref8
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref8
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9
http://refhub.elsevier.com/S2214-0271(18)30055-1/sref9

	Video-assisted thoracoscopic surgery to displace the phrenic nerve during endocardial ablation of right atrial tachycardia
	Introduction
	Case report
	First electrophysiological study
	Novel hybrid procedure for phrenic nerve displacement

	Discussion
	Conclusion
	Appendix. Supplementary Data
	References


