
J A C C : C A S E R E P O R T S V O L . 3 , N O . 1 8 , 2 0 2 1

ª 2 0 2 1 T H E A U T H O R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E AM E R I C A N

C O L L E G E O F C A R D I O L O G Y F O U N DA T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
CASE REPORT

CLINICAL CASE
Atrial Fibrillation Originating in the
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Recurrence of atrial fibrillation (AF) despite successful isolation of the pulmonary veins (PVs) represents a great chal-

lenge. We present a patient with recurrent episodes of paroxysmal AF despite PV isolation in which a non-PV trigger

was identified in the inferior vena cava. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2021;3:

1918–1923) © 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Triggers outside the pulmonary veins (PVs) may be
responsible for atrial fibrillation (AF) recurrence
despite successful PV isolation (1). Previous studies
have shown that non-PV triggers can be elicited in
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diogram in the recognition of premature
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PVs, even when the clinical presentation
remains that of focal AF originating
from PVs.
To recognize the importance of non-PV
triggers in patients with recurrent AF
despite PV isolation.
To show, in high-density mapping, a very
unusual anatomical origin as a trigger for AF.
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11% of patients at the first AF ablation procedure and
in up to 45% of patients who undergo a second AF
ablation procedure (2,3).

HISTORY OF PRESENTATION

A 47-year-old male patient was evaluated in the
Hospital de la Santa Creu i Sant Pau in Barcelona,
Spain, with recurrent episodes of paroxysmal AF
despite 2 previous AF ablation procedures. His phys-
ical examination was normal, and the electrocardio-
gram (ECG) showed normal sinus rhythm at the time
of the outpatient consultation.

PAST MEDICAL HISTORY

Circumferential PV isolation in combination with
cavotricuspid isthmus ablation was first performed
in 2016. During follow-up, recurrence of AF was
documented, and 2 years later, the patient
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AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

ECG = electrocardiogram

IVC = inferior vena cava

LA = left atrium

PAC = premature atrial

complex

PV = pulmonary vein

RA = right atrium
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underwent a new ablation procedure in which PV
reconnection was identified in 2 of 4 PVs. After
complete reisolation of the PVs, the presence of any
dormant conduction was ruled out by a rapid
infusion of adenosine triphosphate (30 mg). In
addition, programmed atrial stimulation at different
cycle lengths (500, 400, and 350 ms) with coupling
of up to 3 extrastimuli and rapid atrial pacing
(shortest cycle length of 250 ms) were performed at
baseline and during isoproterenol infusion (4 mg/
min) without induction of AF or non-PV triggers.
The patient was discharged with antiarrhythmic
treatment (flecainide 100 mg twice daily). During
follow-up, the patient continued to report episodes
of palpitations lasting hours.
DIFFERENTIAL DIAGNOSIS

The differential diagnosis of paroxysmal AF at that
time included reconnection of previous isolated PVs,
arrhythmogenic foci outside the PVs, or other causes
related to systemic disorders.
FIGURE 1 Holter Monitoring

This monitoring shows repetitive premature atrial complexes, some of th

T-wave (red arrows) and some of them aberrantly conducted. At the bott

atrial fibrillation.
INVESTIGATIONS

The results of laboratory testing, ECG, and
echocardiography were unremarkable. Inter-
estingly, a 24-hour Holter monitor showed
repetitive monomorphic premature atrial
complexes (PACs), some of them not con-
ducted to the ventricle and some of them
triggering AF (Figure 1). Finally, a new abla-
tion procedure was scheduled.

MANAGEMENT
The patient presented in the electrophysiology labo-
ratory with repetitive PACs, some of them non-
conducted to the ventricle, that exhibited a P-wave
configuration negative in inferior leads, positive in
lead V1, and negative from leads V2 to V6, with a
proximal-to-distal activation pattern in the coronary
sinus catheter (Figure 2). The decision was made to
start mapping the right atrium (RA) before accessing
the left atrium (LA). A high-density activation map of
the RA was created using the CARTO 3 system with
em not conducted to the ventricle but visible in the upper part of the

om, one of the premature atrial complexes (red arrow) is triggering



FIGURE 2 Baseline Electrocardiogram at the Time of the Ablation Procedure

Repetitive premature atrial complexes not conducted to the ventricle are visible on the top of the T-wave similar to the Holter monitoring

findings.

FIGURE 3 Activation Map and Electrograms

(Left) Activation map showing the earliest activation at the posteromedial aspect of the inferior vena cava (IVC). (Right) Electrograms

recorded from the steerable mapping catheter and the ablation catheter at the earliest activation site before radiofrequency ablation.

CS ¼ coronary sinus; SVC ¼ superior vena cava.
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FIGURE 4 Radiofrequency Application

Radiofrequency application at the earliest activation point immediately terminated the bigeminated premature atrial complexes, and sinus

rhythm was restored. Abbreviations as in Figure 3.
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the 20-pole steerable mapping catheter PentaRay
(Biosense Webster). The earliest activation during
PACs was located at the posteromedial inferior vena
cava (IVC) (Figure 3). Radiofrequency application with
a power of 30 W, a maximum temperature of 43 oC,
and a flow rate of 20 mL/min, at this site definitely
suppressed the PACs (Figure 4). Additional radio-
frequency applications were delivered adjacent to the
effective application point. After ablation, atrial pac-
ing from inside the IVC showed local capture disso-
ciated from the RA (Figure 5). Cavotricuspid isthmus
block was also confirmed by pacing maneuvers. Pro-
grammed atrial pacing during isoproterenol infusion
and adenosine administration did not induce any
clinical PACs or other tachyarrhythmias. Therefore,
access to the LA was not performed.

DISCUSSION

The present case shows the challenge of AF recur-
rence after PV isolation triggered by a focal source
that clinically behaves like a typical PV focus but
nevertheless originates in an extremely rare location,
such as the posteromedial aspect of the IVC.
Focal AF typically originates in the PVs and mani-
fests as monomorphic early ectopic beats, some of
which trigger AF. In our case, the 24-hour Holter
findings were consistent with the typical focal AF, but
surprisingly, the focus was found in the IVC. The re-
petitive ectopic beats at the time of the procedure
were key to guiding the ablation because a negative
P-wave in the inferior leads is unusual for a PV origin
but strongly suggests a focus in the inferior part of the
atrium. A high-density map of the RA was first per-
formed and allowed us to define the exact location of
the arrhythmogenic focus at the posteromedial aspect
of the IVC.

We know of only 2 previous reports of IVC foci
triggering AF. Mansour et al (4) reported 2 patients
with arrhythmogenic foci at the posterolateral aspect
of the IVC ostium in 2002, and Scavée et al (5) re-
ported a patient with a trigger at the posteromedial
aspect of the IVC in 2003. The anatomical substrate
behind this very unusual origin can be found in his-
tologic studies that have shown extensions of
myocardial tissue into the IVC similar to those
described in the PVs. However, it is rare to identify
these muscular extensions when mapping the RA-IVC



FIGURE 5 Voltage Map of the Septal and Posterior Aspect of the IVC Before and After Ablation

The voltage map on the left side shows a low-voltage area in the posteromedial inferior vena cava (IVC). The voltage map on the right side was generated after ablation

and shows homogenization of this area. Intracardiac recordings during pacing from the steerable mapping catheter show local capture at PA 19-20 not conducted to

the atrium and demonstrating electrical isolation of the ablated area (arrows). N/A ¼ not applicable; other abbreviations as in Figure 3.

Alonso-Martín et al J A C C : C A S E R E P O R T S , V O L . 3 , N O . 1 8 , 2 0 2 1

Inferior Vena Cava Triggering Atrial Fibrillation D E C E M B E R 1 5 , 2 0 2 1 : 1 9 1 8 – 1 9 2 3

1922
junction (6). In the case presented, the high-density
mapping clearly showed the earliest activation in
the continuity of the posteromedial RA toward the
IVC; this corresponds to a small area of low voltage.
Even with a high-density map, it is difficult to
determine whether this area may correspond to an
extension of the atrial myocardium toward the IVC.
However, the elimination of the focus with the
application of radiofrequency and the subsequent
demonstration of dissociated local capture when
pacing from inside the IVC suggest at least a behavior
similar to that of the PVs.

FOLLOW-UP

During follow-up, the patient has remained asymp-
tomatic, and no atrial arrhythmia has been
documented in 24-hour Holter monitoring at 1-, 3-,
and 6-month follow-up.
CONCLUSIONS

The case illustrates a typical focal AF presentation
that originates from a very unusual location such as
the IVC area. The particular behavior of repetitive
PACs favored a precise definition of the site of origin
by using high-density mapping.
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