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Introduction
Focal atrial tachycardias (AT) account for about 15% of all 

supraventricular tachycardias (SVTs) and Crista terminalis (CTer) 
appears to be the commonest site of origin1. Ablation in this region can 
be hazardous because of the proximity of the right phrenic nerve (RPN) 
as it courses down the posterolateral wall of the SVC, with a distance 
as little as 0.3±0.5 mm and only the pericardium separating these 
structures2. Phrenic nerve injury (PNI), although mostly temporary, 
may persist in ≤33% of patients and may be responsible for a variegated 
spectrum of symptoms, as the patient can remain asymptomatic or 
experience respiratory failure2,3. Proximity to the nerve can be identified 
by capture during high amplitude pacing. Several strategies of PN 
displacement by using an epicardial placed balloon, sheath/catheter 
combination, and pericardial injection of saline, air, or both have been 
reported in case reports or small series of patients2,4,5-9.

Below we discuss a case of AT arising from the superior part of the 
CTer,  in which successful radiofrequency catheter ablation (RFCA) 
without causing PNI,  has been reached by delivering energy from 
inside the right superior pulmonary vein (RSPV).

Case Report 
A 56 years old man with a history of right atrial flutter (AFL) and 

atrial fibrillation (AF) presented to our hospital for several symptomatic 
episodes of fast atrial tachycardia (AT) resistant to anti-arrhythmic 
therapy. The patient already underwent pulmonary vein isolation (PVI), 
left atrial posterior wall isolation  (LAPWI) and posterior mitral-line 
ablation in the past.

The Last echocardiography showed a normal left ventricular systolic 
function with no chamber enlargement or valvular heart disease and the 
surface ECG (Figure 1, Panel A) recorded during palpitations showed 
the presence of an AT with a 2:1 atrioventricular conduction and a heart 
rate of 115 bpm. P wave morphology (positive in II,III, aVF, biphasic 
in V1, positive in I) was suggestive of AT arising from CTer or RSPV.

The patient was therefore scheduled for RFCA of the arrhythmogenic 
substrate by using the CARTO® 3D mapping system (Biosense 
Webster, Irvine, CA). After gaining the informed consent, the 
procedure was performed under general anaesthesia, with a 3-days 
discontinuation of Sotalol. 

During manipulations of the catheters inside the atria, sustained 
AT with a cycle length (CL) of  332 msec, a proximal to distal CS 
activation and the same P wave morphology as the one recorded during 
the hospitalization, was induced. Voltage map and pacing manoeuvres 
confirmed the isolation of all four pulmonary veins and LAPWI 
together with the absence of reconnection through the posterior mitral 
line (Supplementary Figure 1). Since the earlier signal was recorded 
inside the isolated RSPV (far-field signal), we mapped the right atrium 
confirming the origin of the AT to be located in the superior part of the 
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Abstract
Ablation of atrial tachycardias arising from the superior portion of Crista Terminalis may be risky because of the possibility to injure the 

right phrenic nerve.  Although few techniques for phrenic nerve displacement have been reported, their execution can be difficult, time-
consuming and expose the patient to further complications related to epicardial puncture.  In our case, radiofrequency catheter ablation from 
the right superior pulmonary vein allowed us to successfully treat the arrhythmia without hampering the phrenic nerve integrity.  
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CTer (Propagation map video in the Supplementary video). 

Our 3D mapping findings (Figure 2, Panels A and B) have been 
supported by intracardiac EGMs that showed signals with the earliest 
activation in the upper CTer, with a far-field signal in the RSPV.

Unfortunately, high output pacing (20 mA; pulse width of 2 msec) 
in the upper CTer revealed diaphragmatic contractions. A progressive 
reduction of the pacing output showed PN stimulation to be present 
even at a pacing output of  2 mA x 2 msec. We decided to try to focus 
our attention slightly caudal to the point of earliest activation, in an 
area with fractionated potentials and without PN capture. Nevertheless, 
despite eleven RF applications with a 4-mm tip ablation catheter with a 
contact-force sensor (20-30 Watts for 60 sec, Max T 45°C) AT resulted 
still easily inducible even during catheters manipulation. A standard 
8 Fr 6 mm cryoablation catheter was not available at that time in our 
cathlab. Therefore, before performing a subxiphoid puncture to get the 
pericardial access and try to displace the RPN, since the 3D anatomical 
map showed a clear closeness of the RSPV anterior wall with the 
earliest activation site in the CTer (Figure 2, Panel B), confirmed by 
the CT scan (Figure 1, Panel B), we decided to approach the AT from 
the RSPV.  Since high-output pacing from the anterior side of RSPV 
did not show phrenic nerve capture, ten RF applications (25 - 35 Watts, 
60 sec, max T 45°C) were delivered in this area during sinus rhythm. 
After 30 minutes from the last ablation, the arrhythmia remained 
non-inducible despite aggressive pharmacological and programmed 
stimulation that included infusion of > 6 μg/min of isoproterenol, 
application of 4 extra-stimuli, and burst pacing. The patient was 
discharged the day after the procedure without complications and 24-
hour Holter-ECGs after 4 and 12 weeks did not show AT recurrences 
or sinus node dysfunction.

Discussion
Among the ATs, the ones originating from the CTer are common 

and, as reported by Kalman and coworkers10, the superior and the 
medium part of the CTer appeared to harbour ectopic foci more 
frequently than the inferior part of it. 

The CTer is an area of marked anisotropy due to poor transverse 
cell-to-cell coupling11. Such anisotropy, by creating a region of slow 
conduction, favours the development of micro-reentry. In addition, 
the normal sinus pacemaker complex is distributed along the long axis 
of the CT12.

Although the rate of successful catheter ablation is reported to 
be high1,10 (> 92%), the proximity of RPN to CTer may render the 
ablation particularly dangerous for the patient. Therefore, several nerve 
displacing methods, requiring subxiphoid access, have been described 
to protect the RPN from ablation-associated injury2,4,5-9.

In our patient, the arrhythmogenic myocardium was located in 
the superior portion of the CTer and pacing from this site induced 
diaphragmatic contractions, indicating the extreme closeness of RPN 
with the AT site of origin. Although the high effectiveness, obtaining 
percutaneous subxiphoid pericardial access together with using tools 
to dislocate the PN from its position may raise the risk of procedure-
related complications, are time-consuming and not easy to perform2. 
This seems to be largely related to the limited space between the RSPV 
and right atrium— SVC region that limits manoeuvrability in the 
pericardium near the RPN so that about 50% of patients require the 
use of multiple displacement techniques2. 

Taking into consideration the aforementioned information, since the 
closeness of the RSPV anterior portion to the CTer and the absence of 
RPN capture during pacing, we tried to deliver RF ablations in this area 
to epicardially reach the arrhythmogenic focus, without compromising 
the integrity of the nerve.

The lack of RPN capture during pacing from the RSPV was probably 
due to the medial position of our catheter compared to the nerve 
which usually runs in the posterior or postero-lateral side of the upper 
right atrium13. In the same way, the effectiveness of our ablation has 
been likely derived from the delivery of energy in a posteromedial to 
anterolateral fashion, creating a lesion that managed to extend from 
the RSPV endocardium to the AT’s focus of origin in the CTer. After 
the ablation, a fast mapping of the CTer endocardium in proximity 
to the RSPV ablated area showed no signals, demonstrating the 
lesion extension from the PV endocardium to the CTer endocardium. 
Moreover, enough distance from the nodal artery (that can provide a 
cooling effect so reducing the efficacy of energy delivery)14 has been 
another possible reason that made our ablation successful. 

Conclusions
RPN injury may be a serious complication after catheter ablation 

of ATs arising from the CTer. Despite some methods of phrenic 
nerve displacement has been reported in case reports and small series 
of patients, they are sometimes complex and time-consuming. We 
reported the first case to date of successful RFCA of AT arising from 
the superior part of CTer, performed from the RSPV endocardium. 

Figure 1:

Panel A shows the surface ECG of our patient during AT. As 
can be noticed P wave morphology during tachycardia is very 
similar to the one present in sinus rhythm (positive in the 
inferior leads, iso-diphasic in V1 and negative in aVR); this 
feature creates suspicion of focal activity arising from CTer or 
RSPV.  Panel B shows the heart CT-scan of the patient. The 
encircled area, corresponding to the ablation spots from the 
anterior portion of RSPV, is very close to the CTer.
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Further studies involving more patients are required to confirm the 
feasibility and the real effectiveness of our initial finding on a larger 
scale.
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Figure 2:

Panel A and Panel B show activation maps  from CARTO of 
both atria. As the reader can notice, the activation recorded 
by the mapping catheter in the CTer, is earlier than the one 
(far-field, encircled in red) recorded inside the RSPV (CTer 160 
msec earlier than CS 5-6; RSPV (far-field) 131 msec earlier 
than CS 5-6). Panel C and Panel D, display the activation map 
of the LA and RA respectively. The CTer is activated slightly 
before the RSPV as EGMs and propagation map (video in 
the supplementary material) shows. RF ablations have been 
delivered both in the supero-medial CTer  and in the anterior 
portion of the RSPV, but only those last ones were effective. 
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