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Background 
Phrenic nerve injury (PNI) is a known, but rare complication for 

patients undergoing pulmonary vein isolation (PVI)1. The incidence 
of PNI is higher with cryo-balloon ablation versus radiofrequency 
ablation (5% vs 1%)2. The right phrenic nerve (RPN) usually descends 
anterior to the mid to distal right superior pulmonary vein (RSPV) 
and can be injured during isolation of RSPV. To assess proximity of the 
nerve to RSPV antrum, high output bipolar pacing to check for phrenic 
nerve stimulation is typically utilized and delivery of energy is usually 
avoided at sites of phrenic nerve capture3,4 (Figure 1). 

As there is no reliable method of predicting PNI during PVI, 
electrophysiologists should be aware of different anatomical 
variations and course of RPN in relation to pulmonary veins, to allow 
close monitoring and careful evaluation of phrenic nerve during the 
procedure. In this case series, we describe 4 cases where the RPN had 
a markedly aberrant course, coursing inferomedially along the antral 
region of the carina between the two right sided veins anteriorly and 
then along the antrum of the right inferior pulmonary vein (RIPV).

Mapping technique for Phrenic nerve
Mapping the location of phrenic nerve, along the line of ablation was 

routinely performed with a point-by-point stimulation with pacing at 
20mA@2ms pulse width. When no phrenic nerve capture was observed 
at the site of intended ablation, other areas that do capture the phrenic 
nerve were mapped. This is how the aberrant course of the phrenic 
nerve were identified.

Case Description
We report 4 Cases where the right phrenic nerve had a markedly 

aberrant course. Informed consent was taken from all the patients prior 
to the procedure.

Patient 1: 62-year-old female with hypertrophic cardiomyopathy, 
who underwent PVI for symptomatic paroxysmal AF (Figure 2A).

Patient 2: 70-year-old male with hypertension, coronary artery 
disease status post bypass surgery, AtriclipTM implant, dilated 
cardiomyopathy, with symptomatic paroxysmal AF. (Figure 2B).

Patient 3: 82-year-old male with hypertension, chronic obstructive 
pulmonary disease, and cardiomyopathy (ejection fraction 40-45%), 
who underwent PVI and cavotricuspid isthmus ablation. (Figure 3A).

Patient 4: 74-year-old male with hypertension, obstructive 
sleep apnea, preserved ejection fraction who underwent PVI and 
cavotricuspid ablation. (Figure3B).
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Abstract
Phrenic nerve injury (PNI) is a rare complication of pulmonary vein isolation (PVI). The right phrenic nerve (RPN) usually descends anterior 

to right superior pulmonary vein (RSPV) but occasionally can take an aberrant course. It is important to recognize different anatomical 
variations of phrenic nerve while performing PVI. Here were report a case series, where the RPN descended inferomedially, overlying the 
antrum of the right inferior pulmonary vein (RIPV). When testing for RPN stimulation, one should consider including the RIPV antrum and 
consider wider ablation lines anterior to RIPV to avoid PNI.



Featured ReviewJournal of Atrial Fibrillation Featured Review26 Case Report

www.jafib-ep.com January 2023 Volume - 16 Issue - 2

Journal of Atrial Fibrillation & Electrophysiology

In all four cases, RPN had an aberrant course, with evidence of 
phrenic nerve capture while pacing at 20mA @ 2ms pulse width at 
sites along the ostium of the RSPV and coursing infero-medially 
along the antral region of the carina between the 2 right sided veins 
anteriorly and then along the antrum of the RIPV.  Interestingly, all 4 

patients had a challenging transseptal access with displacement of the 
fossa ovalis posteriorly. Intracardiac echocardiography and fluoroscopy 
of the transseptal access showed marked posterior displacement of 
interatrial septum (Transseptal needle had to be angled to ~6-7’O clock 
to puncture mid posterior septum).  This surprising finding prompted 
change to a wider ablation line (Figures 2 and 3) anterior to RIPV. 
None of the patients had any procedure-related complications or RPN 
injury during follow-up.

Discussion
The regional anatomy of the phrenic nerve in relation to the 

pulmonary veins, superior vena cava, lateral right atrium, and the 
left atrial appendage must be well understood prior to the delivery of 
radiofrequency energy at these locations4. This case series highlights 
anatomic variations of the RPN, altering its relationship to the RSPV 
and RIPV, and impacting risk of PNI during pulmonary vein isolation. 
In all our cases except one, there was evidence of phrenic nerve capture 
at the common anticipated locations near the RSPV. But continued 
testing showed evidence of capture at more inferior locations as 
described above. The observation that this was associated with marked 
rotation of the transseptal access site could explain variation in regional 
anatomy of the phrenic nerve based on differing degrees of cardiac 
rotation. Need for a posteriorly directed transseptal access could be a 
marker for the electrophysiologist to evaluate for atypical course of the 
right phrenic nerve.

One large case series (Sacher et al) studied 3755 consecutive patients 
who underwent AF ablation at five centers reported 18 (0.48%) cases 
of PNI1. Right PNI occurred during right superior pulmonary vein 
ablation or SVC disconnection, and left PNI occurred during left 
atrial appendage ablation. Three mechanisms have been described as 
cause of PNI during PVI which are (1) direct heat energy transfer from 
the catheter contact site to the nerve, regardless of the energy source 
used for ablation; (2) effect of a high intensity electromagnetic field 
transiently generated at the catheter tip; (3) generation of a resonance 
current around the heart; furthermore, the PN is more sensitive to 

Figure 1: Path of the phrenic nerve in association with Pulmonary veins.

Figure 2: Pathway of the aberrant right phrenic nerve.

Schematic representation of the right phrenic nerve to right superior pulmonary vein and superior 
vena cava. In order to avoid diaphragmatic injury, a pacing catheter is placed deep into the SVC. 
With high output stimulation, persistent phrenic nerve stimulation occurs that can be mapped.
[Reproduced with permission from: Mears JA, Lachman N, Christensen K, Asirvatham SJ. The 
Phrenic Nerve and Atrial Fibrillation Ablation Procedures. J Atr Fibrillation. 2009;2(1):176. Published 
2009 Jun 1. doi:10.4022/jafib.176]

Figure 2A and 2B shows the electro-anatomic map of patients 1 (Panel 2A) and 2 (Panel 2B) 
undergoing right pulmonary vein isolation. Yellow line indicates the stim sites for phrenic nerve, 
whereas the brown dots indicate the course of the phrenic nerve. Red dots indicate wider modified 
ablation lines after aberrant phrenic pathway was plotted in the 2 patients.

Figure 3: Modification of Ablation lines 

This figure shows the aberrant course of right phrenic nerve in association to right inferior 
pulmonary veins in patients 3 (Panel 3A) and 4 (Panel 3B). Yellow line indicates the stim sites 
for phrenic nerve. In panels 3A and 3B, the brown and green circles represent right phrenic nerve 
course respectively. In both cases the ablation lines follow a modified wider pathway for isolation 
of the right pulmonary vein.
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heating than the myocardium5. One study reported that the shortest 
distance between RPN and RIPV ostium was 17.24 ± 4.88 mm (range 
7.2–33.94 mm). Thus, getting deeper into the RIPV might increase 
the risk of PNI6.  Due to the above-mentioned correlation, pulmonary 
veins are isolated ≥5 mm from the ostium. However, this can vary, 
as illustrated in our series, and is therefore important to thoroughly 
evaluate the RPN course with high output stimulation, to avoid PNI. 
All our patients also had posteriorly rotated left atria which may have 
altered the course of the RPN. Thus, in these situations, testing for 
RPN stim should include the RIPV antrum and anterior aspect of 
RIPV as well.

Limitations
Fluoroscopic images of the relationship between the hemidiaphragm 

at the location of the RIPV were not saved during the procedure.

Conclusion
We report 4 cases where the RPN had a markedly aberrant course, 

descending inferomedial and overlying the antrum of the RIPV. All 
four patients had posterior rotation of LA which may have altered 
the course of the RPN. In this scenario, testing for RPN stim should 
include the RIPV antrum.
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