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A 39-year-old man presented with recurrent syncope. A 12-lead electrocardiogram and a 24-h Holter recording

demonstrated atypical persistent Mobitz type I and high-degree atrioventricular block, respectively. The functional

nature of the atrioventricular block was confirmed by atropine challenge, exercise testing, and electrophysiological

study. The patient was successfully treated with a cardioneuroablation procedure. (Level of Difficulty: Intermediate.)
(J Am Coll Cardiol Case Rep 2020;2:1793–801) © 2020 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/).
HISTORY OF PRESENTATION

A 39-year-old man with recurrent dizziness and syn-
cope, but no other medical issues, was referred to the
University of Health Sciences, Kocaeli Derince
Training and Research Hospital, for permanent
pacemaker implantation. Physical examination was
completely normal except for an irregular heart rate.
EARNING OBJECTIVES

To differentiate among subtypes of AVB by means
of functional noninvasive and invasive testing.
To understand the role of CNA in the treat-
ment of functional AVB.
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A baseline electrocardiogram (ECG) showed an atyp-
ical persistent Mobitz type I atrioventricular (AV)
block (AVB) and a narrow QRS complex (Figure 1A).

PAST MEDICAL HISTORY

The patient had dyspnea with onset of exercise that
resolved after a few minutes. He reported frequent
syncopal episodes with prodromal symptoms of
nausea, a sensation of warmth followed by clammy
skin, blurry vision and lightheadedness since
adolescence that occurred with upright posture and
light activity. Holter recordings revealed frequent
intermittent high-degree AVB, reaching up to 4
consecutive blocked P waves (Figure 2).
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ABBR EV I A T I ON S

AND ACRONYMS

AV = atrioventricular

AVB = atrioventricular block

CNA = cardioneuroablation

GP = ganglionated plexus

RSGP = right superior

ganglionated plexus
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DIFFERENTIAL DIAGNOSIS

The differential diagnosis included func-
tional (vagal) AVB, intrinsic (structural)
AVB, and extrinsic idiopathic AVB with
accompanying vasovagal syncope.

INVESTIGATIONS

To determine the nature of the AVB, an

atropine response test was conducted. During the
test, a stepwise increase in sinus rate from 75 to 103
beats/min was noted, and partial resolution of AVB
with a 240 ms PR interval was seen after adminis-
tration of 2 mg of intravenous atropine (Figure 1B).
Complete resolution of AVB was also noted during
exercise stress testing (Figures 3A to 3F). At 20 min
into a head-up tilt-table test, a typical car-
dioinhibitory response with an asystolic pause of 22 s
was seen, resulting in loss of consciousness. An
electrophysiological study revealed an HV interval of
46 ms and supra-Hisian atypical Mobitz type I AVB
(Figure 4). Restoration of 1:1 AV conduction was
achieved during overdrive atrial pacing (Figures 5A to 5C).
On the basis of these findings, we considered his AVB
to be functional. Pacemaker implantation and car-
dioneuroablation (CNA) were discussed with the pa-
tient as treatment options. Out of concern for a very
likely high percentage of right ventricular pacing with
a pacemaker implantation strategy given his prolonged
PR interval at baseline, and despite the investigational
nature of a CNA strategy, the benefits of preserving
physiological ventricular stimulation with a CNA pro-
cedure were explained. The patient chose to proceed
with CNA and gave informed consent for the
procedure.

MANAGEMENT

The procedure was performed while the patient was
under conscious sedation with midazolam and fen-
tanyl. After a 3-dimensional electroanatomic map of
both atria was obtained, bipolar endocardial atrial
electrograms demonstrating 4 or more deflections in
the anatomic regions consistent with the location of
ganglionated plexuses (GPs) were tagged as ablation
targets. After all GP targets were identified, radio-
frequency ablation was first delivered on the
posteromedial left GP, which in the majority of
cases provides vagal innervation to the AV node.
Because 1:1 AV conduction was not achieved at this
site, other GPs were subsequently ablated according
to our order (the Marshall tract GP, the left superior
GP, the right superior GP [RSGP], and the right
inferior GP through the left atrium) (Figure 6).
During ablation on the RSGP, 1:1 AV conduction was
achieved (Video 1). At the end of the procedure,
final intervals were as follows: PR interval, 198 ms;
sinus node cycle length, 560 ms (Figures 7A and 7B);
AH interval, 130 ms; and Wenckebach cycle length,
330 ms. When comparing the post-ablation ECG
values (PR interval and sinus rate) with these values
during the pre-operative atropine response, the re-
sults were consistent with complete vagal
denervation.

DISCUSSION

Syncope secondary to AVB accounts for more than
one-half of all arrhythmia-related syncopal episodes
(1). Functional or vagal AVB is usually characterized
by a sudden change from seemingly normal AV con-
duction to transient second- or third-degree AVB in
response to vagal overactivity (2). Differentiation of
vagal from intrinsic and extrinsic idiopathic AVB is
important because no studies to date have shown a
benefit of prophylactic pacemaker implantation in
patients with vagal AVB (3).

Intrinsic AVB is usually initiated by premature ex-
trasystoles, and sinus rate acceleration is observed
during the block (4). Conversely, AVB is often
accompanied by slowing of the sinus rate in func-
tional AVB, and progressive PR interval prolongation
preceding the AVB may also be seen. To differentiate
intrinsic from functional types in cases of persistent
AVB, atropine response testing may be used (5,6). In
these studies, resolution of AVB during exercise,
following atropine administration and during atrial
pacing, were highly suggestive of functional AVB, as
in the present case. Moreover, our patient had a
normal HV interval at baseline and during atrial
pacing, a finding supporting a functional mechanism.
Extrinsic idiopathic AVB is characterized by recurrent
syncopal episodes without prodromal symptoms (7).
In the present case, the prodromal symptoms were

http://jacccr.acc.org/video/2020/20_0984_VID1.mp4


FIGURE 1 Baseline and Atropine Challenge Electrocardiograms

(A) A 12-lead electrocardiogram at baseline with atypical persistent Mobitz type I atrioventricular block and a narrow QRS complex.

(B) Response to 2 g intravenous atropine: normal 1:1 atrioventricular conduction is seen. Arrows show conducted P waves, curved red lines

indicate PR intervals in conducted beats, and arrowheads point to blocked P waves.
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FIGURE 2 Holter Recording Showing High-Degree Atrioventricular Block During Sleep

There are up to 4 consecutive blocked P waves resulting in a 4-s pause. A total of 9 pauses lasting >3 s occurred during 24-h Holter monitoring. Sinus slowing is evident

at the time of atrioventricular block.

FIGURE 3 Serial E

Note the gradual imp

atrioventricular block

irregular PR intervals
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consistent with an enhanced vagal response before
the syncope.

The intrinsic cardiac autonomic nervous system
forms a complex network composed of GPs, following
relatively stable anatomic distribution. Experimental
studies using a canine model have shown that the
sinoatrial and AV nodes may be innervated by
different GPs. AV nodal innervation is usually pro-
vided by GPs in the vicinity of the AV nodal region,
lectrocardiograms Obtained During Exercise Treadmill Testing

rovement in atrioventricular conduction with 1:1 atrioventricular conduction du

with irregular PR intervals. (C) 1:1 atrioventricular conduction. Note the consta

. (E and F) Normal 1:1 atrioventricular conduction with constant PR intervals.
whereas the RSGP predominantly affects the sino-
atrial node. This association has not been confirmed
in human subjects yet (8,9). In a recently published
study, Bulava et al. (10) described a new technique for
CNA to treat functional AVB, thereby avoiding abla-
tion on the RSGP to prevent an increase in the heart
rate. In the present case, however, despite sequential
ablation of GPs on the left side, correction of func-
tional AVB was not achieved until ablation was
ring stage 3 of the exercise protocol. (A and B) Atypical Mobitz type I

nt PR intervals. (D) Atypical Mobitz type I atrioventricular block with



FIGURE 4 Electrophysiological Study

Baseline measurements at 100 mm/s paper speed using 3 surface electrocardiographic leads (I, II, and III) and 6 intracardiac electrograms

positioned in the His bundle (ABL) and the coronary sinus (CS). The surface electrocardiogram shows atypical Mobitz type I atrioventricular

block with irregular PR intervals. The intracardiac electrograms show supra-His block with a progressive increase in the AH interval (interval

between the activation potential of the right atrium and the activation potential of the His bundle [H]) until the A potential is not followed by

an H potential. Black arrows point to conducted P waves (P), and red lines indicate nonconducted beats. Note the irregular PR intervals

before the nonconducted P-wave and prolongation of the PR interval after the blocked beat (from 255 to 333 ms).

FIGURE 5 Simultaneous Surface and Intracardiac EGMs at 100 mm/s Paper Speed With 3 Surface Electrocardiographic Leads (I, II, and III) and 15 Intracardiac

EGMs During Atrial Pacing

The intracardiac electrograms (EGMs) were recorded in the right atrium (ABL), the coronary sinus (CS), and the left atrium (OPT). (A) Atrial pacing through the coronary

sinus catheter at a cycle length of 600 ms resulting in 1:1 atrioventricular conduction with a 271-ms PR interval. (B) Atrial pacing at a cycle length of 500 ms causes a

prolongation of the PR interval with continuation of 1:1 atrioventricular conduction. (C) 1:1 atrioventricular conduction with a 351-ms PR interval continued after

cessation of pacing.
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FIGURE 6 Biatrial Electroanatomic Maps Obtained Using the EnSite Precision Mapping System (Abbott Laboratories, Abbott Park,

Illinois) During Cardioneuroablation

Ablation points show location of ganglionated plexuses on the basis of fragmented electrograms. The right superior ganglionated plexus

(RSGP) is located between the superior vena cava (SVC) and the right superior pulmonary vein (RSPV). The right inferior ganglionated plexus

(RIGP) is located between the right pulmonary veins and the right atrium (RA) in the interatrial septum (indicated by a white oval). The

posteromedial left ganglionated plexus (PMLGP) is bounded by the posterior wall of the left atrium (LA), the inferior vena cava (IVC), and the

coronary sinus (CS) ostium. The left superior ganglionated plexus (LSGP) is located between the left atrial appendage (LAA) and the left

superior pulmonary vein (LSPV). The Marshall tract ganglionated plexus (MTGP) is located in the lateral wall of the left atrium. The left

inferior ganglionated plexus is located in the posterior wall of the left inferior pulmonary vein (LIPV) (not seen in the anteroposterior view).

Intracardiac electrograms are shown at the bottom. Ablation lesions were tagged according to time as follows: white (<5 s); pink (5 to 15 s);

and red (>15 s). ABL ¼ ablation catheter; CL ¼ cycle length; ECG ¼ electrocardiogram; LAT ¼ local activation time; MA ¼ mitral annulus;

PRS-A ¼ patient reference sensor placed on the front of the patient; PRS-P ¼ patient reference sensor placed on the back of the patient;

TF ¼ total force.
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conducted on the RSGP. This case supports the theory
than in some patients, a much wider ablation may be
necessary to eliminate the vagal effect on the AV
node. Although the clinical utility of a pre-procedural
atropine challenge to detect vagal denervation was
recently presented by our group, a more objective
assessment of the GP ablation denervation effect may
be performed using extracardiac vagal stimulation
techniques (11,12).

CNA for intermittent high-degree AVB was first
reported by Pachon et al. (13) in 2006. The clinical
efficacy and reproducibility of this technique were
later confirmed by several groups worldwide (5,6,13–15).
According to the current bradyarrhythmia guidelines,
the presence of symptoms is a major determinant of
whether permanent pacing will be required in the
setting of bradycardia associated with AVB (1).
Functional AVB is usually transient and generally
does not require cardiac pacing. However, in symp-
tomatic patients, treatment may be warranted. CNA
could be postulated as a better option for young pa-
tients with symptomatic functional AVB because the



FIGURE 7 Biatrial Electroanatomic Maps Obtained Using the EnSite Precision Mapping System (Abbott Laboratories, Abbott Park,

Illinois) During Cardioneuroablation

(A and B) Electroanatomic maps. The intracardiac electrograms are shown at the bottom. The final PR interval and sinus node cycle length

were 198 and 560 ms, respectively. Ablation lesions were tagged according to time as follows: white (<5 s); pink (5 to 15 s); and red (>15 s).

PN ¼ phrenic nerve; other abbreviations as in Figure 6.
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current evidence shows excellent long-term out-
comes and safe and reproducible results with this
technique. Most importantly, CNA can eliminate the
need for permanent pacing in this group of patients,
thus avoiding a potential lifetime risk of pacemaker-
related complications such as pace-mediated cardio-
myopathy, lead malfunction, and device-related
infections.
FOLLOW-UP

Repeated Holter recordings 1, 2, and 3 months after
CNA revealed no further AVB episodes. Results of
follow-up head-up tilt-table testing were completely
normal at 1 and 3 months. No recurrent syncope was
noted after a 3-month follow-up. Follow-up resting
ECGs confirmed normal AV conduction (Figure 8).



FIGURE 8 Follow-Up 12-Lead Electrocardiogram

Sinus rhythm; heart rate, 100 beats/min; P-wave duration, 120 ms; and PR interval, 200 ms; 1:1 atrioventricular conduction is seen.
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CONCLUSIONS

CNA may be a valuable adjunctive therapy in patients
with vagal AVB who cannot be adequately treated by
conventional modalities and who refuse pacemaker
implantation.
ADDRESS FOR CORRESPONDENCE: Dr. Tolga Aksu,
Department of Cardiology, University of Health Sci-
ences, Kocaeli Derince Education and Research Hos-
pital, Kocaeli 41500, Turkey. E-mail: aksutolga@
gmail.com.
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