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KEY TEACHING POINTS

� Cardioneural ablation, ablation of the ganglionated
plexi in the atria, is a potential treatment for a
variety of disorders associated with high vagal
tone, including neurocardiogenic syncope,
functional atrioventricular block, sinus
dysfunction, and vagal-related atrial fibrillation.

� Cardioneural ablation can be a potential treatment
for a severe bradycardia due to spinal cord injury.

� The most pronounced increase in heart rate was
gained after ablating the right atrial septum and
the aorta–superior vena cava ganglionated plexi.
Introduction
Cervical or high thoracic spinal cord injury (SCI) can cause
autonomic dysreflexia with significant bradycardia.1 The
destruction of the descending vasomotor pathways results
in the loss of input to the sympathetic neurons and is currently
considered the primary factor underlying the lack of sympa-
thetic tone seen after high SCI.2 Ganglionated plexi (GP)
consist of autonomic ganglia on the epicardial surface of
the heart. Cardioneural ablation (CNA), ablation of the GP
in the atria, has been described as a potential treatment of
different arrhythmias that depend on excessive parasympa-
thetic tone, including neurocardiogenic syncope,3 functional
atrioventricular (AV) block,4 sinus dysfunction,5 and vagal-
related atrial fibrillation.6 We describe a case of a patient
with high SCI with significant bradycardia after his injury.
CNA led to a pronounced increase in heart rate, obviating
pacemaker implantation.
Case report
A 73-year-old man with a history of diabetes, hypertension,
and anemia presented to the hospital after a traumatic fall.
Upon admission, computed tomography showed subluxation
of his cervical spine at the C3 and C4 levels. The patient was
unable to move any of his extremities. His cervical injury was
graded as ASIA (American Spinal Injury Association) grade
A, representing the most severe injury. He underwent emer-
gent neurosurgery. Postoperatively he remained quadriplegic
and underwent a tracheostomy and percutaneous endoscopic
gastrostomy placement. Although he initially required a
norepinephrine drip for blood pressure support, he was even-
tually stable on oral midodrine. His heart rate from postoper-
ative day (POD) 0–4 ranged from 55 to 82 beats per minute
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(bpm). On POD 5 his heart rate dropped to as low as 30 bpm
while awake and never went above 48 bpm. He had junc-
tional bradycardia as well as sinus pauses (Figure 1). Atro-
pine and dobutamine infusions were intermittently given to
maintain his heart rate. He was not sedated and not on AV
nodal agents during the time of his bradycardia.

The electrophysiology service was consulted for further
management of his significant bradycardia. The patient had
no symptoms or signs of hypoperfusion from his bradycardia,
but owing to the high level and severity of spinal injury it was
felt to be unlikely that he would have a significant acute and
potentially chronic improvement in his heart rate.

Pacemaker implantation was now discussed with the fam-
ily, but given that his condition was felt to be attributable to
high vagal tone, cardioneural ablation was also offered. After
a thorough discussion of the risks and unclear outcome of the
procedure, the family opted for catheter ablation.

Owing to ongoing bradycardia, he underwent catheter
ablation on POD 8 after his neurosurgery. The patient was
placed under general anesthesia. Heparin infusion was
administered for an activated clotting time of .300 seconds
and transseptal puncture was performed. High-frequency
stimulation (HFS; 50 ms, 20 mA output, and 2 ms pulse
width; StimLab� system (Micropace; EP Inc, Santa Ana,
en access article
.0/).
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CA) was performed in the left and right atrium and would
invariably induce nonsustained atrial fibrillation. Vagal re-
sponses in atrial fibrillation were identified but difficult to
discern consistently owing to the inherent R-R variability.
Positive vagal response was defined as an incremental pro-
longation of the R-R interval by 50%, transient ventricular
asystole, or AV block.7

Ablation was performed at sites of clear vagal responses as
well as at empiric sites of known GP (Figure 2). The order of
ablation was the left superior GP (on the anterior superior
portion of the left pulmonary veins), the right anterior GP
(RAGP; anterior to the right superior pulmonary vein [PV]),
the coronary sinus ostium, the septum of the right atrium,
and the aorta–superior vena cava (SVC) GP (Ao-SVC), be-
tween the medial SVC and the aortic root, superior to the right
pulmonary artery. The left and right inferior GP were not tar-
geted, as there was not a parasympathetic response with HFS
and in order to avoid unnecessarily ablate on the posterior
wall. The most pronounced increase in heart rate occurred dur-
ing ablation of the right atrial septum and the Ao-SVC GP.

Post procedure, the patient remained in the hospital until
POD 13 and had heart rates in the 50s–70s. The patient
was placed on a direct anticoagulant for 1 month and
Figure 1 Sinus bradycardia and junctional bradycardia prior to the ablation. A:
telemetry monitoring.
discharged to a rehabilitation facility. He was followed on
inpatient telemetry without any bradycardia. Ten months
post procedure he wore a 5-day event monitor, which showed
that his heart rate variability was below the normal range with
a standard deviation of all normal sinus intervals over a 24-
hour period (Standard deviation of NN intervals for each 5
minutes segments) of 53.4 ms (Figure 3).
Discussion
We describe a case of a patient with high SCI resulting in sig-
nificant bradycardia. CNA was performed with a pronounced
increase in heart rate, most pronounced after ablating the
right atrial septum and then the Ao-SVC GP.

Individuals with cervical or high thoracic SCI may suffer
from life-threatening episodes of autonomic dysreflexia,
characterized by extreme hypertension, headache, and brady-
cardia.1 The destruction of the descending vasomotor path-
ways results in the loss of excitatory supraspinal input to
the sympathetic preganglionic neurons, and is currently
considered the primary factor underlying the lack of sympa-
thetic tone seen after high SCI.2

Patients with high injury and ASIA grade A–type injuries
demonstrate less improvement in their bradycardia. Early
Sinus bradycardia with heart rate 27 beats/min. B: Junctional bradycardia on



Figure 2 Electroanatomic maps of both atria displaying the radiofrequency application sites. A: Left anterior oblique (LAO) view of right and left atrium
showing ablation lesion set. B: Posterior view of atria highlighting septal ablation in the right atrium (RA) with proximity to ablation on antrum of right superior
pulmonary vein (RSPV).C:An example of induction of atrial fibrillation as well as R-R interval prolongation during high-frequency stimulation from the superior
vena cava. D: An example of pronounced heart rate increase with ablation from the right atrial septum. Ao-SVCGP 5 aorta–superior vena cava ganglionated
plexi; CS5 coronary sinus; CS-OS5 coronary sinus ostium; IVC5 inferior vena cava; LSGP5 left superior ganglionated plexi; RAGP5 right anterior gangli-
onated plexi; RL 5 right lateral; SVC 5 superior vena cava.
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stabilization of the heart rate may facilitate transfer out of the
intensive care unit, mobilization, and rehabilitation.8 Several
case series described the use of such medications as aminoph-
ylline or theophylline for the prophylaxis of bradycardic
events in some patients. Pacemaker therapy should be
considered for patients who either fail medical treatment or
have severe bradycardia episodes for which medical treat-
ment may not be sufficient.9 Pacemaker implantation for se-
vere bradycardia in SCI has been reported in 2%–16% of
cases. It seems to be more common in patients with injury
at high cervical levels (above C5/C6).8,9 Given the increased
propensity for infection in patients after SCI,9 and the poor
prognosis for recovery given his high ASIA grade, we
preferred to explore alternatives to pacemaker implantation
in our patient.

Sympathetic efferent preganglionic neurons have cell
bodies in the spinal cord and project axons onto postgangli-
onic sympathetic neurons, which are organized into the
extracardiac–intrathoracic ganglia, including the middle cer-
vical, stellate, paravertebral sympathetic chain (T2–T4), and
mediastinal ganglia. Preganglionic efferent neurons of the
parasympathetic system are located within the brain stem
and project via the vagus nerve and its branches to postgan-
glionic neurons directly to the heart to form the intrinsic car-
diac nervous system. The intrinsic cardiac nervous system
itself is organized into GP with efferent and afferent neurons,
which relay central signals and form local reflexive circuits to
independently regulate regional cardiac responses.10 The
GPs are usually located in epicardial fat pads and form a com-
plex interacting network that regulates heart rate and heart
rhythm. This direct innervation of the parasympathetic sys-
tem onto the epicardial surface of the heart allows modifica-
tion via catheter ablation.

There is no consensus on the anatomical location and
number of GPs.10–12 Yuan and colleagues12 defined, in a
canine model, 3 main atrial GPs. According to this classifica-
tion, the sinus node is mainly innervated by the RAGP,
whereas innervation of the AV node is provided by the infe-
rior vena cava (IVC)–inferior atrial ganglion (at the junction
of the left atrium [LA] and IVC). Apart from these 2 regions,
they defined a rich innervation network at the PV-LA junc-
tion. Chiou and colleagues11 found that most efferent vagal



Figure 3 Change in heart rate post ablation.A:Heart rate trend from initial hospitalization. Red dashed line denotes date of ablation with a subsequent increase
in heart rate.B: Preprocedure electrocardiogram (ECG) showing sinus bradycardia.C:Heart rate trend and heart rate variability from heart rate monitor 10months
post procedure, showing a significant increase in heart rate and heart rate variability below the normal range. D: ECG 3 months post procedure showing sinus
tachycardia.
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fibers to the atria travel through the SVC-aorta fat pad, which
is located between the medial SVC and the aortic root, supe-
rior to the right pulmonary artery, and then project on to the
IVC-LA fat pad and the right PV fat pad and both atria.

Various groups in different patient populations investi-
gated the potential therapeutic role of eliminating these struc-
tures by endocardial radiofrequency catheter ablation.11 The
technique was attempted first by Pachon and colleagues3 and
termed cardio-neuro ablation. CNA was used for the treat-
ment of neurocardiogenic syncope, functional AV block,
sinus dysfunction, and vagal-related atrial fibrillation, espe-
cially in young individuals.3–6,13

Three different approaches have been used for identifica-
tion of GPs in atria: HFS, electrogram (EGM) characteristics,
and an anatomic approach.3,14 HFS application causes 2
types of response in atria: (1) a vagal response, which is
defined as significant prolongation of the PR or R-R inter-
vals; and (2) a normal response, characterized by the absence
of any effect or nonsignificant changes on the PR or R-R in-
tervals. The technique has some limitations, such as inadver-
tent atrial fibrillation induction and the requirement of
general anesthesia.

Operators who target EGMs have identified 2 different
patterns of atrial activation using spectral analysis: (1)
fibrillar atrial myocardium, which contains extensions of
neural fibers between cardiac myocytes and exhibits a highly
fragmented, heterogeneous, and right-skewed spectral distri-
bution; and (2) compact atrial myocardium, which works as a
single isolated unit, and presents homogeneous and fast con-
duction with left-skewed frequency distribution. Fibrillar
myocardium is targeted via spectral analysis to guide the
ablation in combination with empirical anatomical ablation,
HFS, or both.3,5 As spectral analysis involves use of
additional equipment during electrophysiologic study, target-
ing fractionated EGMs alone has been used in vasovagal
CNA to identify GPs.15 Finally, an empiric anatomic
approach has been used as an adjunct to HFS, EGM charac-
teristics, or both, as well as a standalone strategy.

A solely right-sided ablation approach for CNA has been
proposed. The RAGP has been reported to mainly control the
function of the sinoatrial node. Multiple studies13,14 per-
formed anatomically guided GP ablation via both atria for
the treatment of symptomatic sinus bradycardia and found
that RAGP and Ao-SVCGP ablation led to a more significant
heart rate increase as compared to left atrial GP ablation.
These findings suggest that the RAGP is the final common
pathway of sinus node vagal innervation and can be a more
valuable CNA target. In our case we also found the most pro-
nounced increase in heart rate after ablating the right atrial
septum and the Ao-SVC GP.

Our patient had a high and severe cervical spine injury and
had an acute increase in his heart rate post CNA. In 10
months of follow-up he had no episodes of recurrent brady-
cardia.While we cannot definitively say that his chronic heart
rate increase was due to spontaneous recovery, given his
ASIA grade I injury (high and severe), his lack of long-
term neurologic improvement, and his low heart rate vari-
ability, we feel this is unlikely. In deferring a pacemaker,
we avoided the long-term complications of device implanta-
tion, including the infectious risk associated with immobility.
Conclusion
We present for the first time CNA in a patient with significant
bradycardia as a result of SCI.
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While we performed biatrial CNA, the most pronounced
increase in heart rate occurred after ablating the right atrial
septum and the Ao-SVC GP. Though the long-term effects
of CNA in SCI patients are unknown, in patients with
high-level and severe SCI that is unlikely to resolve over
time, CNA can be considered as an alternative to pacemaker
implantation.
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