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Case reports in cardiac rhythmology: 2022
Medical science is characterized by profound interactions among different disciplines, with

each discipline impacting the other in different ways. Cardiac electrophysiology is no

exception, as several alterations in the cardiac rhythm can be secondary to medical

disorders otherwise unrelated to the development of arrhythmias. In the present volume

of the Journal, three great examples of these interactions are reported: Omer et al.

described a case in which initiation of lamotrigine in a patient with history of epilepsy

lead to the unmasking of a type 1 Brugada pattern, the development of arrhythmic

syncopal events, and the induction of ventricular fibrillation during ventricular

programmed electrical stimulation. Duon-Quy et al. reported the use of plasmapheresis

for the treatment of heart block secondary to Guillain-Barré syndrome elicited by

COVID-19 infection. Finally, Duan et al. showed a case in which a carotid body tumor

resection was complicated by 40 s of asystole and cardiac arrest due to carotid sinus

hypersensitivity highlighting the interplay between the heart and the autonomic nervous

system. In addition to the connection between systemic disease and the heart, specific

cardiac pathologies can also impact electrophysiological properties. For example, coronary

artery disease is frequently associated with both brady- and tachy-arrhythmias.

Development of heart block in the acute phases of myocardial infarction is a common

complication; however, Zhang et al. and Wu et al. described two peculiar cases in which

myocardial infarction was associated with pacemaker loss of capture, pointing out a new

possible mechanism of pacemaker dysfunction.

In recent years, cardiac electrophysiology has undergone significant transformation

and witnessed remarkable advancements in technologies and instruments, proving to be

highly efficient and helpful in several occasions as described by Li et al. Nevertheless,

critical reasoning and maintaining a logical approach to electrical signals continue to play

a fundamental role, and despite the advancements, the “traditional” 12-lead

electrocardiography has stood the test of time, persisting as the initial and often adequate

step in diagnosing cardiac arrhythmias. Ren et al. described a case of dual atrioventricular

nodal non-reentrant tachycardia, an easily missed arrhythmia with potential deleterious

effects, that, however, can be “simply” diagnosed on surface ECG. On the other hand, an
01 frontiersin.org5
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“old” technique can benefit from renowned instruments, as

demonstrated by the report of Hawryszko et al. in which a

common smartwatch with the possibility to record a single lead

ECG helped in the diagnosis of atrioventricular nodal reentrant

tachycardia in a pregnant woman. In this delicate scenario, the

use of a non-invasive technique helped in ruling out more severe

cardiac arrhythmias leading to the correct management of the

case. Use of wearable devices has grown exponentially in recent

years and physicians will have to face increasing demand for the

interpretation of a significant amount of data (1, 2). The clinical

implications, as suggested the results of the LOOP study for the

screening of atrial fibrillation (3), still need to be clarified. These

reports, moreover, highlight recent and renewed attention to the

AV node physiology and anatomy (4), an extremely complex

structure, as originally claimed by the seminal work of Tawara.

Similarly, in WPW cases, precise knowledge of the ECG and

the correlation between ECG waveforms and cardiac anatomy

are necessary to appropriately plan the ablation procedure.

Yang et al. described a brilliant example in which correct ECG

interpretation, at baseline and during programmed stimulation,

led to the prompt identification of an atypical bypass tract.

Similarly, Zhao et al. reported a case in which surface ECG

helped in raising the suspicion of dextrocardia and finally guided

the identification and ablation of an atrioventricular accessory

pathway in this peculiar scenario.

Evidence-based approach in Medicine is founded on the results

of properly conducted randomized controlled trials, with a large

number of patients to guarantee the necessary statistical power to

confirm, or reject, a thorough scientific hypothesis. However,

cardiac electrophysiology has traditionally grown on the

observation of an event in a small number of cases, providing

insights into the mechanism underlying a specific phenomenon.

The cornerstone of atrial fibrillation ablation is currently

obtaining pulmonary vein isolation by means of different sources

of energy, on the basis of the landmark study by Haissaguerre

et al. (5); nevertheless, atrial fibrillation is a complex arrhythmia

and further lesion sets may be warranted both to modify the

substrate that sustains the arrhythmia (6) than to eliminate extra

pulmonary vein triggers, as shown by Tao et al.

The anatomical substrate is the determinant of the

development of arrhythmias and of their characteristics,

therefore, precise knowledge of the anatomy is crucial for

understanding and correctly treating arrhythmias, as in the case

reported by Raina et al. Moreover, correct knowledge of cardiac

anatomy is fundamental in preventing the occurrence of

complications. New tools such as 3D printing and creation of

accurate anatomical models can help with training, learning new
Frontiers in Cardiovascular Medicine 026
techniques, and planning for a complex procedure (Wei et al.).

Complications are intrinsically related to invasive procedures

and, at times, are unpredictable and almost inevitable

(De Innocentiis et al., Huang et al., Kim et al., Lo and Chen,

Sha et al.); however, accurate knowledge of the anatomical

relationship and caution during the planning of the procedure

may surely help to reduce the possibility of severe complications.

“Doctors without [knowledge of] anatomy are like moles. They

work in the dark and the work of their hands are mounds.”

Tiedemann, Heidelberg, 1781–1861.
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Case Report: An Unusual Case of
Fasciculoventricular Pathway
Liu Yang, Zhijian Chen and Min Zhang*

Department of Cardiology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan,

China

A 30-year-old man with an ECG demonstrating ventricular preexcitation with a normal

PR interval and a QR pattern in lead V1 was evaluated. Electrophysiology studies

showed a normal AH interval and a shortened HV interval at sinus rhythm; while

the degree of preexcitation (QRS waveform) and HV interval were not affected by

multisite or incremental atrial pacing. These findings implied ventricular preexcitation

due to a fasciculoventricular pathway (FVP). Moreover, temporarily blocking FVP

conduction mechanically resulted in normal HV interval, absence of delta wave,

and an rSR pattern in V1, which indicated incomplete right bundle branch block

(IRBBB). These findings suggested the coexistence of FVP and IRBBB, which is

very rare.

Keywords: electrophysiology, arrhythmia, ventricular preexcitation, fasciculoventricular pathway, ablation

INTRODUCTION

Fasciculoventricular pathways (FVPs) are uncommon preexcitation variants. Of note, a
combination of FVPs with bundle branch blocks is barely observed. In this report, we
describe a rare case of FVP with the presence of an incomplete right bundle branch
block (IRBBB).

CASE REPORT

A 30-year-old man presented with an aberrant ECG performed 2 years ago. He
was asymptomatic with unremarkable medical history. Physical examination findings,
laboratory test results, and echocardiographic measurements were within normal
range. A 12-lead ECG demonstrated ventricular preexcitation (Figure 1). The patient
was admitted to the cardiology unit for consideration of an electrophysiology
study (EPS).

The ECG demonstrated the presence of delta waves during sinus rhythm (Figure 1), suggesting
a manifest accessory pathway (AP) with antegrade conduction property. Based on the deflection
of the delta wave (negative in V1 and positive in lead I and aVL) and very early R-wave
progression in the precordial leads (by V2), the ventricular preexcitation is likely mediated by
a right septal AP. However, unlike a typical Wolff-Parkinson-White (WPW) pattern, the PR
interval of this patient is within normal range with an obvious PR segment (Figure 1). In addition,
the QR pattern in V1 is different from what we usually see (a QS or rS pattern) in a patient
with ventricular preexcitation conducted over a right septal AP. This necessitates an EPS for
accurate diagnosis.
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FIGURE 1 | Standard 12-lead surface ECG of the patient upon admission. QRS duration: 102 ms (in green); PR interval: 124ms (in blue).

The patient had an EPS performed 3 days later. The baseline
intracardiac recording demonstrated normal PR and atrial-His
(AH) intervals (130 and 77ms, respectively) but a shortened His-
ventricular (HV) interval (24ms) (Figure 2A). Right ventricular
pacing showed a decremental and concentric ventriculoatrial
conduction (Figure 2B). Programed incremental atrial pacing
demonstrated a prolonged AV interval (Figure 2C). From sinus
rhythm to atrial S1S1 pacing at 180 and 200 bpm, gradually
prolonged AH intervals and short but fixed HV intervals at
24ms were observed (Figure 2D). Notably, the QRS waveform
remained unchanged during atrial pacing (Figures 2C,D),
or in spontaneous paroxysmal atrial flutter or junctional
beats (data not shown). These suggested that the degree of
ventricular preexcitation was not affected by the frequency
or location of supraventricular stimulation. All these findings
favored the diagnosis of fasciculoventricular pathway (FVP)
with an anterograde conduction capacity. In addition, three-
dimensional (3D) mapping suggested that the earliest ventricular
preexcitation occurred in the para-Hisian area (Figure 3).
Temporarily blocking FVP conduction mechanically resulted in
normal HV interval (Figure 3), absence of delta wave, and an rSR’
pattern in V1, which indicated incomplete right bundle branch
block (IRBBB) (Figure 4). This explained the QR pattern in V1
in the ECG upon admission. Thus, the final diagnosis of this
patient was FVP with IRBBB. No ablation was performed due
to the innocent nature of this AP and the non-inducibility of
any tachycardia.

DISCUSSION

The presence of a delta wave with normal PR interval can be
seen in the following situations: (1) An AP with a slow antegrade
conduction property, such as the Mahaim fiber. The Mahaim
fiber is initially identified as a conducting tissue extending from
the AV node or His bundle to the ventricular myocardium
to form nodoventricular fibers or fasciculoventricular fibers
(as it is in this case) (1). Later studies show that Mahaim
conduction appears more frequently in atriofascicular pathways,
connecting usually the lateral right atrium with the right bundle
fascicle (2). It is usually capable of antegrade but not retrograde
conduction with a long and decremental conduction property.
Preexcitation through the Mahaim fiber displays a small or
no delta wave and a normal PR interval, suggesting subtle
or non-recognizable ventricular preexcitation. (2) Some left-
sided atrioventricular AP. Due to the long distance from the
sinus node, conduction to this pathway may be delayed and
ventricular preexcitation is not as obvious as APs on the right
side. Thus, the PR interval can be within the normal range.
(3) AP with delayed intra-atrial conduction. In such a case, the
impulse that reaches the AP is delayed and a normal PR interval
is displayed.

Fasciculoventricular pathways (FVPs) are the rarest variant
of preexcitation (1.2–5.1% in all preexcitation cases) (3, 4),
connecting His bundle or bundle branches to the ventricular
septum. They are characterized by the presence of a small
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FIGURE 2 | Electrophysiological study. (A) Intracardiac electrograms at baseline. PR interval: 130ms (in green); atrial-His interval: 77ms (in blue); His-ventricular

interval: 24ms (in red). (B) Intracardiac electrograms in His bundle after programed incremental pacing at the right ventricular apex. (C) Intracardiac electrograms after

programed pacing at right atrium. (D) Intracardiac electrograms during sinus rhythm (left panel) or atrial S1S1 stimulation at 180 bpm (middle panel) or 200 bpm (right

panel). HV intervals: 24ms (in blue). HRA, high right atrium; CS, coronary sinus; His, His bundle; d, distal; m, middle; p, proximal; bpm, beats per minute.

delta wave, with a normal AH interval and a shortened HV
interval at sinus rhythm; while the degree of preexcitation is
not affected by multisite or incremental atrial pacing. The main
differential diagnosis is anteroseptal AP with rapid conduction
property. The criteria that favor an FVP over an anteroseptal
AP are: (1) a shorter QRS duration (120 vs. 140ms); (2) a
not-so-short PR interval; (3) a flat or negative delta wave in
V1; (4) a narrow delta/R wave in V2; (5) S wave amplitude
<20mm in V1; (6) notching in the descending limb of the
S wave in V1; and (7) prolongation of PR interval without
changes in the delta wave during intravenous adenosine infusion
testing (5). Another differential diagnosis is FVPs that are
directly connected from the proximal RBB to the septal ventricle.
Mechanically induced proximal RBBB can “correct” aberrant
electrical activities (presence of delta wave and shortened HV
interval) caused by FVP. However, proximal RBBB is usually

more complete (duration of QRS wave > 120ms) and the
basal QR pattern in V1 as well as S waves at the end of QRS
complexes in leads I, aVL, V5, and V6 should not be observed
prior to EPS. Thus, the concomitant presence of FVPs and
IRBBB is more reasonable. FVPs are frequently accompanied
by other tachycardia, but they play no active role in producing
re-entrant circuits (6, 7). Thus, ablation for FVP is usually
not necessary.

To the best of our knowledge, this is the first report
demonstrating the coexistence of FVP with IRBBB. In surface
ECG, the QR pattern in V1 serves as a hint for the existence
of IRBBB. The electrophysiological study is the golden standard
for diagnosis. Although the IRBBB, in this case, does not
affect the therapeutic strategy for this patient, it broadens our
understanding of the co-existence of FVPs with other aberrant
electrical activities in the heart.
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FIGURE 3 | Three-dimensional (3D) mapping of the fasciculoventricular pathway (FVP) using a Carto3 mapping system. The bipolar electrogram of the ablation

catheter is shown in red (MAP 1–2). Yellow dots indicate the location where the electrical activity of His bundle was recorded, while the red dots indicate the position

where the FVP was mechanically blocked.

FIGURE 4 | The standard 12-lead surface ECG of the patient when the conductivity of the FVP was temporarily disturbed. QRS duration: 90ms (in green); PR interval:

135ms (in blue).
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CONCLUSION

Fasciculoventricular pathways (FVPs) are the rarest variant of
preexcitation, connecting His bundle or bundle branches to the
ventricular septum. A careful evaluation of surface ECGs and
EPS findings will help to recognize these pathways. Although
radiofrequency ablation is usually not needed for FVPs, a
combination of FVPs with other aberrant electrical activities
should be noted before a clinical decision is made.
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Coronary venous spasm has never been reported during premature ventricular

extrasystole ablation. We report a 20-year-old female patient who experienced a severe

spasm of the great cardiac vein during radiofrequency ablation for premature ventricular

contractions, which were relieved eventually by the administration of intracoronary

nitroglycerine. The operation was successfully completed, leading to a long-term

resolution of her palpitation symptoms.

Keywords: coronary venous spasm, premature ventricular contraction, radiofrequency ablation, mechanism,

coronary artery spasm

INTRODUCTION

The great cardiac vein is often used as a target site for radiofrequency ablation (RFA) when
treating premature ventricular contraction (PVC) in an atypical site (1). In previous reports, RFA
was associated with a rare but serious side effect, coronary artery spasm, whose major possible
mechanism may be catheter ablation energy inflicting direct thermal trauma near the coronary
artery or impairment of the autonomic nervous system (2–4). However, coronary venous spasm
(CVS) is an under-recognized phenomenon. In this report, we describe a case of CVS during the
RFA of PVC.

CASE DESCRIPTION

The patient was a 20-year-old female with a history of PVCs. Her medical history stated she
had no known allergies, history of tobacco or alcohol usage, family history of sudden death or
cardiac disease, or history of surgery. With the aim of treating her palpitations, she was admitted
to Ningjin County PPL’s Hospital in Shandong province for RFA. Before the ablation, a 12-lead
electrocardiogram showed frequent PVCs (Figure 1). There was no significant abnormity in her
transthoracic echocardiogram or biochemical indexes.
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After discontinuation of all anti-arrhythmicmedications for at
least five half-lives, the patient underwent an electrophysiologic
study under local anesthesia, and then mapping and ablation
were performed with an 8-Fr decapolar catheter (SmartTouch,
Biosense Webster, United States). PVCs were demonstrated in
the great cardiac vein, and then the catheter was positioned
(Figure 2 and Supplementary Video 1). The impedance at the
ideal mapping position immediately increased to about 300Ω ,
and radiofrequency energy was delivered at a power of 25W
with a saline irrigation flow velocity of 17 ml/min. After 20 s,
an X-ray revealed that the catheter was impacted at this position
(Supplementary Video 1). After several failed attempts to extract
the catheter, the abnormality was considered to be vasospasm.
A venogram was immediately manipulated to confirm great
cardiac vein flow and rule out cardiac tamponade (Figure 2).
Saline was simultaneously injected at a rate of 1 ml/min via the
intracoronary vein. The angiography showed pericardial effusion.
Pericardiocentesis was performed by extracting a 40ml colorless
transparent liquid, which appeared to be saline that was effused
from the catheter. Approximately, 4min after intracoronary

FIGURE 1 | Twelve-lead electrocardiogram displaying premature ventricular contractions.

injection of nitroglycerin (200 ug), the vasoconstriction was
rapidly relieved (Supplementary Video 2). An angiogram via
the coronary sinus was performed, which showed no signs
of exudation, suggesting effusion of pericardial fluid from
the catheter but not perforation. Mapping and ablation were
continued, with vasoconstriction ceased to persist, and the
patient ultimately converted to sinus rhythm twice, each time
with 60 s. The procedure was finalized uneventfully.

DISCUSSION

The differential diagnosis includes (1) venous thrombosis,
which is not consistent with the X-ray results, (2) local
hematoma resulting in an impacted catheter, which was excluded
considering that the venogram showed blood flow in the
great cardiac vein, (3) angioedema caused by ablation energy,
which was unlikely, since there were no associated signs
on X-ray, and (4) severe venous spasm was the maximum
possibility since it can be alleviated by vasodilation, in this case,
with nitroglycerin.
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FIGURE 2 | X-ray confirming blood circulation in the great cardiac vein.

As mentioned above, coronary artery spasm has been well-
documented. Peripheral venous spasm (5), central venous
spasm during pacemaker implantation (6–8), and saphenous
venous graft spasm causing recurrent angina (9) have been
previously reported. CVS has never been reported in the
literature. The pathophysiological explanation may be the same
as arterial spasm.

Vasospasm could be induced by certain stimulants, such as
mechanical stimulation, nerve stimulation, platelet dysfunction,
and vasoconstrictor substances (9, 10). During ablation,
simple mechanical stimulation to the venous vascular smooth
muscle layer with a large ablation catheter could cause an
imbalance between vasoconstrictors and vasodilators, resulting
in vasospasm. It could also be associated with endothelial
dysfunction as a consequence of direct thermal damage, since
a healthy intact endothelium may prevent vasoconstriction
by releasing endothelium-derived relaxing factors. Moreover,
considering the great cardiac vein is surrounded by epicardial
adipose tissue, which produces a large amount of metabolically
active substances with both endocrine and paracrine actions,
the vasospasm may have been the result of an injured adipocyte
tissue (11). However, we are uncertain whether the great cardiac
vein or the epicardial adipose tissue was injured through direct
thermal trauma.We suggest that the most likely cause of the CVS
was chemical autoregulatory imbalance. However, the definitive
mechanism remains undetermined and requires further studies.
Regarding precautionary measures, the operator should focus on
impedance. If it reaches 300Ω , radiofrequency ablation should
be stopped. After impedance is reduced to a normal range with
saline irrigation, the operator may proceed.

LIMITATIONS

The activity of the vasoconstrictors and vasodilators in the great
cardiac vein during an ablation procedure could not be directly

confirmed. Therefore, we were unable to ensure a cause-and-
effect relationship in this case.

CONCLUSION

We reported a rare clinical case of CVS during PVC ablation,
which was alleviated by intracoronary infusion of nitroglycerin.
We suspect that the vasospasm was induced by the application of
catheter ablation energy and catheterization in the great cardiac
vein, which may result in an imbalance between vasoconstrictors
and vasodilators.
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University Health System, Seoul, South Korea

A 74-year-old woman presented with incessant wide complex tachycardia that was
refractory to cardioversions. Successful radiofrequency catheter ablation was performed
on the left ventricular posteromedial papillary muscle. An inaudible steam pop has
occurred during the procedure, but we confirmed that there were no complications
during the procedure and short-term follow-up of echocardiography. Two months after
the procedure, an asymptomatic pseudoaneurysm was identified at the ablation site
that had not been observed in the short-term follow-up.

Keywords: ventricular tachycardia, catheter ablation, pseudoaneurysm, complication, intracardiac
echocardiography

INTRODUCTION

Radiofrequency ablation is a surgical procedure used to resolve ventricular arrhythmias originating
from the papillary muscle of the left ventricle (LV). Although usually challenging due to anatomical
constraints and catheter instability, intracardiac echocardiography assists in achieving a high
procedural success rate and immediate identification of procedural complications. The risk of
cardiac perforation in catheter ablation of ventricular arrhythmia is less than 1%, which is relatively
small compared to the risk of atrial catheter ablation and inaudible steam pop during catheter
ablation is the most plausible mechanism for this complication (1–3). Delayed pseudoaneurysm in
the LV is a very rare manifestation of catheter ablation (4), and information about its prognosis and
management is limited, especially when surgical treatment is not necessary. Here we report a case
of ventricular tachycardia (VT) inducing a delayed LV pseudoaneurysm on the radiofrequency
catheter ablation site of the left posteromedial papillary muscle, which was absent during the
short-term echocardiographic follow-up.

Abbreviations: CT, computed tomography; ICE, intracardiac echocardiography; LV, left ventricle; VT, ventricular
tachycardia.
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FIGURE 1 | Electrocardiogram and endocardial mapping. (A) Electrocardiogram of monomorphic ventricular tachycardia showing ventriculoatrial dissociation (black
arrows). (B) Intracardiac electrogram revealing an early signal (−40 ms) before the QRS complex during the ventricular tachycardia rhythm. (C,D) Right and left
anterior oblique projections of endocardial mapping using intracardiac echocardiography. CS, coronary sinus; RV, right ventricle.

CASE PRESENTATION

A 74-year-old woman presented to the emergency department
with symptomatic wide complex tachycardia in the absence of
hemodynamic deterioration. On admission, electrocardiography
demonstrated monomorphic VT with a right bundle branch
block pattern, a Q wave in lead V1, left superior axis deviation,
and ventriculoatrial dissociation, suggesting an exit site in
the posteromedial papillary muscle region of the left ventricle
(Figure 1A). Despite the patient undergoing electrical and
pharmacological cardioversions, the VT remained unresponsive.
The patient had a history of hypertension with antihypertensive
drug use but no history of structural heart disease or tobacco
or alcohol use. On the baseline examination, transthoracic
echocardiography estimated LV end-diastolic dimension and LV
ejection fraction to be 62 mm and 26%, respectively. Cardiac
computed tomography (CT) revealed no significant stenotic
lesions in the coronary arteries and no structural heart disease
(Supplementary Figures 1A,B), indicating tachycardia-induced
cardiomyopathy.

Following admission to the cardiac intensive care unit, the
patient underwent a percutaneous left-sided stellate ganglion

block with bupivacaine, a cardiac sympathetic intervention
suppressing sympathetic activity for controlling VT. However,
the cardiac sympathetic intervention was unsuccessful. Given
that the VT remained unresolved and the driving cause
of electrical instability was unclear, radiofrequency catheter
ablation was decided as the most appropriate treatment
strategy. Endocardial electroanatomical mapping of the LV
using a CARTO-3 system (Biosense Webster) was performed
through both transseptal and retroaortic approaches using a
multi-electrode catheter. The procedure was performed using
intracardiac echocardiography (ICE) through a transseptal
approach and viewing the LV structure in real-time. The ablation
catheter was positioned through the retroaortic approach.
During endocardial mapping, intracardiac electrograms showed
fractionated potentials around the posteromedial papillary
muscle with the earliest activation (−40 ms) (Figures 1B–
D). Endocardial bipolar voltage mapping revealed no scarring
(0.5–1.5 mV), and the activation map was consistent with an
exit site in the posteromedial papillary muscle region. Under
direct ICE visualization (Figure 2A), endocardial ablation using
an irrigated-tip catheter (SmartTouch, Biosense Webster) and
40 W was applied to target the earliest site that showed the
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FIGURE 2 | Catheter ablation for ventricular tachycardia. (A) Successful ablation site on the left posteromedial papillary muscle (white arrow). (B,C) Unipolar Q signal
on successful ablation site and three-dimensional activation map. (D) Termination of ventricular tachycardia with steam pops.

initial Q wave in the unipolar signal with 10–15 g of contact
force (Figures 2B,C). During the first ablation, the VT was
terminated for 30 s with an inaudible steam pop recorded by
ICE (Figure 2D and Supplementary Video 1), and a sudden rise
in electrical impedance was not noted. After confirming that no
evidence of perforation or tissue defects were present in the first
ablation site, multiple circumferential ablations were performed
in the area surrounding the posteromedial papillary muscle
without further steam pops. Repeated programmed electrical
stimulation failed to induce VT following the ablation. Before
the end of the procedure, the ICE operator confirmed that
there was no evidence of procedure-related complications. The
transthoracic echocardiography performed the next day showed
no evidence of mitral regurgitation or tissue defects in the
ablation sites (Figure 3A).

After 2 months of follow-up, the patient remained free of
VT. Echocardiography showed improved LV systolic function
with LV ejection fraction of 50% and a decreased LV size with
LV end-diastolic dimension of 52 mm, but a pseudoaneurysm
(26 × 9 mm) that has the ratio of the maximum diameter of

the orifice to the maximum internal diameter of the cavity was
lesser than 0.50 was identified at the base of the LV posteromedial
papillary muscle where a steam pop had occurred without
pericardial effusion (Figure 3B and Supplementary Video 2).
The patient was asymptomatic; therefore, she was referred to the
outpatient clinic for observational follow-up during the following
year without anticoagulation or antiplatelet agents; the patient
underwent no further interventions. One year later, cardiac CT
revealed that the pseudoaneurysm that typically has a neck
narrower than the diameter of the aneurysm remained present
but showed no signs of a size change or other complications such
as thrombus formation (Figure 3C).

DISCUSSION

Left ventricle pseudoaneurysm is a very rare complication
of catheter ablation for ventricular arrhythmias that occurs
regardless of the presence or absence of structural heart disease
(4, 5). It is a form of cardiac rupture concealed by the adherent
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FIGURE 3 | Serial follow-up of the ablation site using transthoracic echocardiography. (A) The day after the procedure, no structural changes around the ablation
site were observed. (B,C) After 2 months of follow-up, the development of a pseudoaneurysm on the ablation site (white arrow) was confirmed through transthoracic
echocardiography and contrast-enhanced computed tomography.

pericardium or scar tissue and has a wide range of clinical
manifestations (6). Identifying LV pseudoaneurysm is often
difficult, but very important because it may cause significant
complications including cardiac perforation (2), hemodynamic
deterioration by compressing adjacent coronary arteries (7),
and thromboembolism (8). To reduce structural defects during
catheter ablation, careful monitoring of the ablation parameters,
including tissue temperature changes, impedance changes,
electrical potentials, and catheter position, is essential for all team
members and the primary operator.

It is often challenging to differentiate between LV pseudo
aneurysms and true aneurysms. Although magnetic resonance
imaging is the most useful for differentiation, it is still helpful
for differentiation by comparing the ratio of end-systolic
orifice diameter to maximal aneurysmal diameter through
echocardiography or CT. The presence of turbulent flow by
pulsed Doppler at the neck of a cavity or within the cavity by
echocardiography can help differentiation (9).

In the case reported here, although the presence of turbulent
flow by pulsed Doppler was unclear, other echocardiography
and CT findings suggested a pseudoaneurysm. Most plausible

cause of the pseudoaneurysm was an inaudible steam pop
that occurred during the ablation. A steam pop occurs by the
myocardial explosion when the tissue temperature reaches
100◦C high enough to cause tissue vaporization and gas
production; by ICE visualization, it appears as a sudden
hyperechogenic intramyocardial microbubble formation around
the catheter. It is a potentially life-threatening complication of
radiofrequency ablation because it can cause structural defects
(10). Intraprocedural ICE and transthoracic echocardiogram
1 day after the procedure revealed no tissue defects around
the ablation site and no pericardial effusion. However,
echocardiography performed at 2 months of follow-up
confirmed the delayed development of a pseudoaneurysm
at the first ablation site. We speculated that an inaudible steam
pop cause both acute denuding and delayed endocardial necrosis.
Here we reported a rare case of delayed LV pseudoaneurysm
confirmed by echocardiography and cardiac CT that developed
on an inaudible steam pop site occurring during ablation for
the treatment of VT originating from the papillary muscle of
the LV. However, magnetic resonance imaging is thought to be
more useful when considering the diagnosis and follow-up of
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structural defects such as pseudoaneurysm. Serial imaging-based
follow-up can facilitate the identification of pseudoaneurysms
with delayed development, even when intraprocedural and
short-term imaging-based follow-up confirms no procedure-
related complications.
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Atrial fibrillation is a common arrhythmia, but atrial fibrillation originating in the inferior
vena cava is extremely rare. Here, we present a case of a 51-year-old woman with
symptomatic paroxysmal atrial fibrillation, who was admitted to the Second Affiliated
Hospital of Dalian Medical University and underwent radiofrequency ablation. The
atrial fibrillation persisted despite pulmonary vein isolation. The inferior vena cava
was then identified not only as a trigger but also as the driver to maintain atrial
fibrillation, and tachycardia terminated successfully by discharging at the inferior vena
cava. Furthermore, we performed a literature review of five previous case reports on
this subject.

Keywords: atrial fibrillation, inferior vena cava, trigger, driver, catheter ablation

HIGHLIGHTS

- It is extremely rare for atrial fibrillation to originate from inferior vena cava. We present the
first report to show inferior vena cava acts as both the trigger and the driver of atrial fibrillation
using a three-dimensional imaging system.

- The electrocardiogram pattern of atrial tachycardia or premature atrial complex in individuals
with paroxysmal atrial fibrillation originating from the inferior vena cava shows a narrow
positive ectopic P wave in lead V1 and a negative ectopic P wave in inferior leads.

- Tachycardia terminates successfully by discharging at the inferior vena cava.

INTRODUCTION

Paroxysmal atrial fibrillation (AF) is mostly initiated by triggers (1), usually from pulmonary
veins. Therefore, pulmonary veins disconnection is the cornerstone for paroxysmal AF ablation.
Nevertheless, about 11% of cases of AF are elicited by other triggers (2). These triggers include the
crista terminalis, the superior vena cava, the posterior wall of the left atrium, and the coronary sinus
(CS) (2). Moreover, the Marshall buddle (3) and left atrial appendage (4) have also been implicated
in AF initiation. The reports about AF raising from the inferior vena cava (IVC) are extremely rare.

We presented a case of paroxysmal AF originating in the IVC, in whom the tachycardia was
successfully eliminated by discharging at IVC.
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TABLE 1 | Baseline characteristics.

Baseline characteristics

Sex Female

Age, years 51

Weight, Kg 45

Height, cm 150

BMI, kg/m2 20

Ethnicity Asian

Hypertension No

Diabetes No

Coronary artery disease No

Heart failure No

Family history No

Smoking No

Alcohol No

Atrial fibrillation duration, month 4

CHA2DS2-VASc score 1

HAS-BLED score 0

Antiarrhythmic drug Propafenone

BNP, pg/mL 34.7

eGFR, mL/min. 1.73 m2 >90

BMI, body mass index; BNP, B-type natriuretic peptide; eGFR, estimate glomerular
filtration rate.

CASE PRESENTATION

A 51-year-old woman suffered from symptomatic paroxysmal
AF with a 4-month history. Her AF episodes did not respond
to treatment with propafenone, and then she was admitted to
the Second Affiliated Hospital of Dalian Medical University. The
baseline characteristics of this patient were presented in Table 1.
Her admission electrocardiogram (ECG), echocardiography,
physical examination, and blood test results were unremarkable.
The surface ECG recorded when the patient experienced
palpitations during hospitalization presented episodes of atrial
tachycardia/atrial flutter with a negative atrial wave morphology
in inferior leads (II, III, and avF), and narrow positive atrial wave
morphology in lead V1 (Figure 1). The patient was diagnosed
with paroxysmal AF, atrial flutter, and atrial tachycardia. The
diagnostic assessment is shown in Supplementary Table 1. The
patient participated in a discussion and was fully informed of the
state of the illness and the possible benefits and risks of various
treatments and then chose radiofrequency ablation.

The patient presented the sinus rhythm at the beginning of
the radiofrequency ablation procedure. However, an AF episode
started during the procedure of circumferential pulmonary veins
isolation, and AF persisted after all four pulmonary veins
were isolated. Tachycardia was able to terminate spontaneously,
followed by several sinus beats; then, AF was triggered again
by a premature atrial complex, which displayed a similar ECG
appearance to atrial arrhythmia during palpitations recorded
before the procedure—negative P wave in inferior leads and
positive narrow P wave in lead V1 (Figure 2). Meanwhile, the CS
catheter displayed a proximal-to-distal activation pattern, and the
activation of the premature atrial complex on the CS catheter was

not earlier than the P wave on surface ECG. Subsequently, the
activation mapping procedure of the premature atrial complex
in the right atrium was performed using a circular diagnostic
catheter guided by the EnSite NavX system (St. Jude Medical,
St. Paul, MN, United States). The superior vena cava showed
passive conduction. The activation at the posteromedial wall
of IVC was identified as the earliest activation, where rapid
and disorganized electrical activities were recorded. Some of the
electrical activities were conducted to the right atrium (IVC 9–
10) and left atrium (CS) and drove tachyarrhythmia (Figure 3A).
AF terminated immediately after radiofrequency ablation was
performed at the earliest activation site, with a target temperature
of 43◦C, a maximal power of 40 W, and a flow rate of 20 mL/min
(Figure 3B). Adenosine triphosphate infusion did not induce any
atrial arrhythmia.

The patient has remained asymptomatic following the session
without any need for antiarrhythmic drugs and no ECG evidence
of tachycardia during the 2-month follow-up.

DISCUSSION

It has been established that pulmonary veins are the most
common site for initiation of AF. Herein, we presented a case
of paroxysmal AF originating from a very unusual location,
such as the posteromedial wall of IVC. The earliest activation
of the premature atrial complex which induced AF was located
at the posteromedial wall of IVC by three-dimensional mapping
systems, suggesting that the IVC triggered of AF. The electrical
activity recorded in IVC during AF was significantly faster than
in the atrium, and focal ablation of earliest atrial activation in
IVC immediately terminated AF, suggesting that the IVC was also
responsible for the maintenance of AF.

To the best of our knowledge, five previous reports have
described AF originating from the IVC, and their baseline
characteristics are summarized in Table 2 (5–9). These five case
reports included six patients, aged from 22 to 83 years, and the
follow-up time was from 2 to 14 months. All of the patients
were free of AF during the follow-up. The majority of the cases
underwent first-time AF ablation, except for a recent report (9) of
a recurrent AF despite two previous AF ablations. The role of the
IVC differed among these reports: it acted as the trigger in three
reports and both as the trigger and the driver in two reports. Four
of the five reports were published before 2010, and manipulation
was mainly performed under fluoroscopy guidance. Because of
the limited accuracy of fluoroscopy guidance, it is challenging
to distinguish the IVC from adjacent origin locations, such as
the CS ostium. Until 2021, Alonso-Martín et al. reported a
case of AF originating from the IVC under three-dimensional
electroanatomic mapping systems navigation (9).

In a histological study from two cadavers in 1995, Hashizume
et al. (10) reported that the IVC included both smooth and
cardiac muscle fibers covering a length of 18 mm from the
right atrium. They demonstrated that the cardiac muscle fibers
in the IVC were more plentiful in the anterior aspect than in
the posterior aspect. Interestingly, in our case and most of the
previous cases (5, 6, 8, 9) in which AF originated in the IVC,
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FIGURE 1 | Electrocardiogram showing atrial flutter with atrial rate 280–290/min with variable atrioventricular conduction in the limb leads, the atrial wave displayed
negative wave in inferior leads (II, III, and avF, black arrow). The precordial 6 lead rhythm strip shows termination of atrial flutter with a sinus beat (red asterisk),
followed by four consecutive ectopic atrial beats at rate 250/min, which showed a narrow positive wave in lead V1 (red arrow). The first conducted beat occurred with
the right brunch block, the second was blocked, the third conducted a with a narrow QRS, and the fourth was blocked. This followed by another sinus beat followed
by the same atrial tachycardia/atrial flutter at a rate of 260/min. The ECG was recorded at a speed of 25 mm/s (x axis) and an amplitude of 10 mm/mV (y axis).

FIGURE 2 | Surface and intracardiac electrocardiogram indicate the termination of atrial fibrillation, followed by a sinus beat (red asterisk); atrial fibrillation was
triggered again by a premature atrial complex, which exhibited a negative P wave in inferior leads (II, III, and aVF) and a positive P wave in lead V1 (red arrow). The
ECG was recorded at a speed of 100 mm/s. X axis, time line; y axis: gain. CS, coronary sinus; ECG, electrocardiogram.

the posterior wall was identified as the trigger. It is unknown
whether this is just an accidental phenomenon or there are
differences in electrical activity properties between the anterior
and posterior IVC sleeves. Further investigations are required to
clarify this issue.

The ECG features of ectopic P wave from the IVC were clearly
visible in three of the above five reports. The ECG from our case
presented a negative ectopic P wave in inferior leads, which is in
line with these three cases (6, 7, 9), and the complete or dominant
positive ectopic P wave in lead V1 was consistent with two of the
cases (6, 9). Furthermore, all available ECG recordings displayed
a narrow ectopic P wave. Several studies have demonstrated a
narrow positive P wave in lead V1, suggesting that the trigger

originates from the right pulmonary vein (11, 12). However,
deeper inversion of P wave in inferior leads was rare even
the trigger originates from the right inferior pulmonary vein.
Considering that the anatomical location of the IVC is nearby
the right inferior pulmonary vein but lower, we suggest that the
ECG features described above may indicate the ectopic P wave
originating from the IVC.

The IVC ablation schemes were not consistent among the
past five case reports. In two cases (5, 8), focal ablation (like
in our case) was chosen; in one case (6), IVC isolation was
selected; and in two cases (7, 9), radiofrequency was applied
in addition to target ablation, consequently achieving IVC
isolation. All of the above patients were free of AF during the

Frontiers in Cardiovascular Medicine | www.frontiersin.org 3 July 2022 | Volume 9 | Article 93552424

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-935524 June 30, 2022 Time: 10:56 # 4

Tao et al. PAF Originating From the IVC

FIGURE 3 | (A) Activation map and electrograms. Activation mapping shows that the earliest activity was at the posteromedial wall of the inferior vena cava. The
intracardiac electrocardiogram indicates rapid discharges from the inferior vena cava; some of them were conducted to the right atrium (IVC 9-10) and left atrium
(CS). The red asterisk represents the electrical activation recorded by the electrode. The ECG was recorded at a speed of 100 mm/s. (B) Successful ablation site.
Atrial fibrillation terminated immediately after radiofrequency ablation at the earliest activation site in the posteromedial inferior vena cava. The ECG was recorded at a
speed of 25 mm/s. X axis, time line; y axis, gain. CS, coronary sinus; ECG, electrocardiogram; IVC, inferior vena cava; SVC, superior vena cava.

TABLE 2 | Baseline characteristics of previous case reports.

References Year Age Sex Target location of
IVC

Surface ECG feature of
ectopic P wave

PVI Imaging IVC role IVC ablation
schemes

Follow-up

Mansour et al.
(5)

2002 22/60 Male/
female

Posterolateral
ostium

NA No 3-D Trigger Foci ablation 2 months/
9 months

Scavée et al. (6) 2003 44 NA Posteromedial wall Negative P wave in leads II,
III, avF, and V1

Yes Fluoroscopy Trigger IVC
disconnection

14 months

Yamane et al.
(7)

2005 57 Male Anteromedial
ostium

Negative P wave in leads II
and III, and positive P wave
in lead V1

No Fluoroscopy Trigger and
driver

Foci ablation
and IVC
disconnection

12 months

Mizobuchi et al.
(8)

2006 83 Female Posterior wall NA No Fluoroscopy Trigger and
driver

Foci ablation 12 months

Alonso-Martín
et al. (9)

2021 47 Male Posteromedial
aspect

Negative P wave in inferior
leads and positive P wave
in lead V1

Yes 3-D Trigger Foci ablation
and IVC
disconnection

6 months

3-D, 3-dimensional; ECG, electrocardiogram; IVC, inferior vena cava; NA, not available; PVI, pulmonary vein isolation.
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follow-up without complications. Because of the difference in
anatomy and adjacent structures, the ablation strategies between
non-pulmonary vein and pulmonary vein foci are different (13).
The optimum ablation scheme of AF originating from the IVC
remains unknown because of the limited experience, and it
requires further studies.

To the best of our knowledge, this is the first report to show
that IVC acts as both the trigger and the driver of AF using a
three-dimensional imaging system. One limitation in the present
study was that no intracardiac echocardiography or high-density
mapping catheters were used. These tools may provide a more
accurate assessment of the anatomical structure and more precise
activation conduction mapping.

CONCLUSION

We presented an extremely rare case of paroxysmal AF
originating in the IVC. Moreover, we performed a literature
review of five previous case reports on this subject. AF originating
in the IVC is mostly initiated at the posterior wall of the IVC, and
the role of the IVC is not only that of the trigger but also of the
driver. The ECG pattern of AT or premature atrial complex in
individuals with paroxysmal AF originating from the IVC shows
a narrow positive ectopic P wave in lead V1 and a negative ectopic
P wave in inferior leads. Tachycardia terminates successfully by
discharging at the IVC.
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Case report: A rare complication
after the implantation of a
cardiac implantable electronic
device: Contralateral
pneumothorax with
pneumopericardium and
pneumomediastinum

Shao-Wei Lo and Ju-Yi Chen*

Department of Internal Medicine, College of Medicine, National Cheng Kung University Hospital,

National Cheng Kung University, Tainan, Taiwan

Cardiac implantable electronic devices (CIED) including pacemakers (PM),

implantable cardioverter defibrillators (ICD), and cardiac resynchronized

therapy (CRT) have become the mainstay of therapy for many cardiac

conditions, consequently drawing attention to the risks and benefits of

these procedures. Although CIED implantation is usually a safe procedure,

pneumothorax remains an important complication and may contribute

to increased morbidity, mortality, length of stay, and hospital costs.

On the other hand, pneumopericardium and pneumomediastinum are

rare but potentially fatal complications. Accordingly, a high degree of

awareness about these complications is important. Pneumothorax almost

always occurs on the ipsilateral side of implantation. The development

of contralateral pneumothorax is uncommon and may be undetected on

an initial chest radiograph. Contralateral pneumothorax with concurrent

pneumopericardium and pneumomediastinum is much rarer. We describe a

rare case of concurrent right-sided pneumothorax with pneumopericardium

and pneumomediastinum after left-sided pacemaker implantation and

highlight the risk factors, management, and possible ways to prevent

the complications.

KEYWORDS

contralateral pneumothorax, pneumopericardium, pneumomediastinum, cardiac

implantable electronic device, pacemaker

Introduction

Cardiac implantable electronic devices (CIED) including pacemakers (PM),

implantable cardioverter defibrillators (ICD), and cardiac resynchronized therapy (CRT)

have become the mainstay of therapy for many cardiac conditions, consequently

drawing attention to the risks and benefits of these procedures (1, 2). Although CIED
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implantation is usually safe, pneumothorax has been reported

to occur in 0.51–2.24%, however this reported incidence may

have been overestimated (3). In recent years, many CIED

implantations have moved to outpatient settings. Outpatient

CIED implantations are not included in the National Inpatient

Sample (NIS) database, which is the largest publicly available

all-payer inpatient care database in the United States. Since

the subgroup of outpatients who developed CIED-associated

pneumothorax and were later hospitalized (included in the

NIS, while outpatients without pneumothorax were not),

the NIS database incidence of pneumothorax may have been

artificially elevated (an accurate numerator with a falsely low

denominator) (3). Furthermore, it seems likely that improved

medical knowledge and the development of safer procedures,

would have reduced the incidence of pneumothorax over

time (3). Nevertheless, pneumothorax remains an important

complication of CIED implants and may contribute to

increased morbidity, mortality, length of stay, and hospital

costs, especially when a chest tube is required (4–7). On the

other hand, pneumopericardium and pneumomediastinum

are rare but potentially fatal complications (8). Accordingly,

a high degree of awareness about these complications

is important.

Pneumothorax almost always occurs on the ipsilateral

side of implantation. The development of contralateral

pneumothorax is uncommon and may be undetected on an

initial chest radiograph (9, 10). Contralateral pneumothorax

with concurrent pneumopericardium and pneumomediastinum

is much rarer (11). We describe a rare case of concurrent

right-sided pneumothorax with pneumopericardium and

pneumomediastinum after left-sided pacemaker implantation

and highlight the risk factors, management, and possible ways

to prevent these complications.

Case presentation

A 76-year-old man underwent dual-chamber permanent

pacemaker (PPM) implantation due to sick sinus syndrome. He

was 173 cm in height, 59 kg in weight, and had a body mass

index (BMI) of 20 kg/m2. He had a past medical history of heavy

smoking, paroxysmal atrial fibrillation, coronary atherosclerosis,

and bilateral pulmonary emphysema.

A dual-chamber pacemaker (BIOTRONIK EVIA DR) was

inserted using active fixation leads (Biotronik Solia S60,

Biotronik Solia S53) through the left subclavian vein into

the right ventricular outflow tract (RVOT) and the right

atrial appendage respectively. At implantation, the parameters

of the pacemaker were satisfactory. The atrial lead pacing

threshold was 0.6V at 0.4ms and the impedance was 532�.

The sensed P wave was 2.3mV. The pacing threshold of

the ventricular lead was also appropriate measuring 0.4V

at 0.4ms and the impedance 661�. The sensed R wave

was 11.2 mV.

The implantation procedure was completed uneventfully.

Two h after the implantation, the chest radiographs revealed

acceptable lead positions and no evidence of pneumothorax.

There was no pericardial effusion on echocardiography.

About 5 h after the procedure, the patient suddenly reported

dyspnea, severe headache, neck stiffness, and shoulder

pain. A chest X-ray (CXR) revealed a 3.5 cm right-sided

apical pneumothorax as well as small amounts of gas

as linear or curvilinear lucencies in the mediastinum,

indicating pneumomediastinum. Non-contrast computed

tomography (CT) of the chest showed bilateral emphysema,

right-sided pneumothorax with pneumopericardium and

pneumomediastinum, a small right-sided pleural effusion, and

the atrial lead crossing the cardiac contour, suggesting lead

perforation through the pericardium and directly into the

pleural cavity (Figure 1).

The patient’s symptoms improved significantly after

receiving high-flow oxygen through a nasal cannula.

Nevertheless, the follow-up CXR showed no improvement.

The patient, therefore, underwent insertion of a small-bore

pigtail chest drain on the 3rd day, evacuating more than

80ml of air. Serial CXRs showed significant improvement

in the pneumopericardium and gradual resolution of the

pneumothorax over the next few days. The electrocardiogram

(ECG) showed no abnormal changes suggesting lead

displacement, and interrogation of the pacemaker parameters

remained fine with no significant alterations in the pacing

thresholds, sensing or impedance. It was decided to leave the

atrial lead in place.

During several days of in-hospital observation, the patient

remained stable with no breathing difficulties, pleuritic chest

discomfort, or pericardial signs and symptoms. The pigtail

was then removed on day 6. The CXR verified the complete

resolution of the pneumothorax and pneumopericardium before

the patient was discharged on day 8. Since discharge, we have

followed up on his signs and symptoms, pacemaker parameters,

and ECG. The patient has remained stable for 15 months,

and the pacemaker parameters and ECG have demonstrated

no abnormalities.

Discussion

Mechanisms of ipsilateral/contralateral
pneumothorax with concurrent
pneumopericardium/pneumomediastinum

Ipsilateral pneumothorax is commonly caused by

needle penetration of the pleura during venous access

(Figure 2) (5, 10, 12–14). Concurrent pneumopericardium

and pneumomediastinum can occur when the leaking air
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FIGURE 1

A chest radiograph performed 5h after implantation showing contralateral pneumothorax, pneumopericardium, and pneumomediastinum. (A)

Posterior-anterior (PA) chest X-ray demonstrating contralateral pneumothorax and mild pneumomediastinum. (B) Coronal chest non-contrast

computed tomography (CT) scan image showing right-sided pneumothorax, pneumomediastinum, and pneumopericardium (arrows). (C)

Horizontal CT image showing pneumopericardium (arrow) and pneumothorax. (D) Horizontal slices of CT scan suggesting possible extrusion of

the atrial lead through the right atrium (arrow).

passes through the lung parenchyma along the perivascular

sheaths to the hilum and the mediastinum (15, 16). At its

reflection enclosing the ostia of the pulmonary veins, the

pericardium is most fragile, and air can thus pour into the

pericardial cavity.

There are two potential causes of contralateral

pneumothorax and pneumopericardium. One is that the

active fixation lead protrudes through the right atrium injuring

the pericardium and right pleura (16). Another one could be

incidental venous puncture of the right pleura while using the

Seldinger technique to insert a dilator and sheath (17). An

injury to the superior vena cava (SVC) near the pericardium

could allow air (blood and/or intravenous fluid) to leak into the

pericardial space through a congenital pericardial defect or tiny

pleuro-pericardial fistulas (11).

Risk factors for atrial lead protrusion and
venous perforation

Complications from pacemaker implantation are 30%

more likely in females than in males (3). The incidence

of both venipuncture related injury and cardiac perforation

is higher in patients with bullous emphysema, chronic

obstructive pulmonary disease (COPD), congenital defects such

as persistent left superior vena cava, age >80 years, Caucasian

ethnicity, steroid treatment within 7 days, anticoagulant and

antiplatelet therapy, urgent surgery, low BMI (<18.5), or

agitation (1, 8, 15, 18–20). Prior procedures, operation (such

as sternotomies), trauma, or irradiation therapy in the affected

area, clavicle/chest deformity, and previous fractures, are all

significant risk factors. Difficult or lengthy procedures, large
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FIGURE 2

The schematic diagram of the mechanisms of pneumothorax, pneumopericardium, and pneumomediastinum formation.

diameter (≥12 French) sheaths, more than one attempt at

venipuncture, implantation of multiple electrodes, and a dual-

chamber device (versus a single chamber device), are all linked

to a higher risk for complications (1, 12, 14, 18, 21).

In comparison to passive fixation leads, active fixation leads

provide several benefits, such as simple fixation, the capacity

to be deployed at alternate pacing sites with ideal pacing and

sensing parameters, decreased rates of dislodgement, and they

are easier to extract (22). Because of these advantages, they

are more frequently employed. Nevertheless, active fixation and

over-screwing increase the risk of perforation (8, 16, 17, 20).

Lead and helix design also play a role, particularly in the

case of magnetic resonance imaging (MRI) compatible leads

due to their greater diameter and stiffness (20). As a result,

these active fixation leads should be implanted cautiously.

Anatomic variations, such as multilobed or a thin-walled

atrial appendage, fatty infiltration of the myocardium due to

myotonic dystrophy, ischemic and dilated cardiomyopathy,

are variables that increase the likelihood of atrial perforation

(10, 11, 13, 15, 20, 23–29).

The mechanism and risk factors in our
case

In our case, there were no apparent problems throughout

the procedure. Over-screwing of the atrial lead seems

unlikely because the requisite number of clockwise turns

were performed under fluoroscopic guidance. Importantly,

our patient had several risk factors including a history of

longstanding smoking with bilateral emphysema. These

risk factors increased the risk of pneumothorax. However,

non-contrast chest CT raised suspicion of atrial lead

perforation. Thus, we hypothesized that the atrial lead

protruded through the pericardium directly into the pleural

cavity, causing contralateral pneumothorax with concurrent

pneumomediastinum and pneumopericardium.

Diagnosis of lead perforation and
CIED-associated pneumothorax

A patient can manifest signs and symptoms during the

procedure or up to 72 hours after implantation (20). Every

patient should receive a chest x-ray within 4 h post-procedure

(30). Patients discharged from the hospital shortly after

outpatient procedures should remain in contact with the CIED

center (17).

In concerning cases, fluoroscopy, chest CT with three-

dimensional reconstruction, and echocardiography assist in

diagnosing lead perforation (13, 31); however, they are not as

sensitive for tiny perforation (15, 19, 23, 32). ECG-gated high-

resolution CT (HRCT) remains the diagnostic gold standard

although the perforation may be over-diagnosed (19, 25, 27). To
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reduce imaging distortions caused by heart motion, prospective

ECG triggering and retrospective ECG gating methods are

introduced (33). Prospective ECG triggering, for instance, allows

the ECG signal to regulate scanning such that projection data

is only collected during diastole, which is the period of the

least amount of cardiac movement. Thus, HRCT maximizes

spatial resolution and results in optimal delineation of the

myocardium, blood, and fat interfaces (19). HRCT also aids in

lead retrieval planning because it provides a reliable estimation

of the orientation of important structures around the misplaced

lead (23, 32).

The management of CIED-associated
pneumothorax

The management depends on the presence or absence

of symptoms, the hemodynamic condition, and the extent

of the lesions. Although the American College of Chest

Physicians (ACCP) proposed guidelines for the management

of spontaneous pneumothorax (34), which were updated by

the British Thoracic Society (BTS) (35), there is no consensus

on the management of iatrogenic pneumothorax, let alone

CIED-induced pneumothorax. We propose a flow chart for

the management of CIED-associated pneumothorax (Figure 3),

which was adapted from the recommended treatment for

iatrogenic pneumothorax (36).

High flow (10 L) 100% nasal oxygen, which theoretically

accelerates air absorption, is generally recommended as the

first step despite conflicting evidence suggesting that it has

probably no effect on large pneumothoraces (13, 37, 38). A

clinically stable patient with a small pneumothorax (<20%)

can be observed since it may resolve on its own (12, 36).

After 12–24 h, further imaging should be acquired (36). If the

pneumothorax is enlarging or once symptoms worsen, drainage

should be considered (36).

Needle or cannula aspiration is advocated for patients

with a small (<20%) pneumothorax, minimal symptoms,

and no previous parenchymal disease (36). If the patients

are asymptomatic after aspiration, and repeat imaging shows

resolution of the pneumothorax or no progression, they can be

discharged with a 48-h follow-up (36). However, observation

alone may sufficient for small iatrogenic pneumothoraces. Of

note, evacuated volumes >543mL indicate the need for further

intervention with a chest tube (39).

Patients with a large (>20%) pneumothorax or those

presentingmoderate-to-severe symptoms should be treated with

a chest tube (12–16 French) for at least 24 h (11–13, 36). If

the pneumothorax improves, the absence of an air leak should

be confirmed before the chest tube is removed (36). Even

though a pneumothorax appears to be resolved on imaging,

there may still be an air leak, which is masked by an equilibrium

between the air evacuation and the air flowing into the lung

through the site of puncture (36). The removal of the chest

tube under this condition may lead to the reoccurrence of the

pneumothorax (36).

In the majority of pneumothoraces, air leakage will stop

<48 h after the placement of a chest tube (40, 41). For patients

with a persistent gas leak for more than 48 h, consulting a

cardiothoracic surgeon or an interventional pulmonologist is

recommended (42).

Consideration of lead extraction and
repositioning

The symptoms, imaging findings, and lead parameters are

used to determine if lead extraction or repositioning is necessary

(Figure 4). The lead parameters usually alter following a lead

perforation (43); however, they may remain unchanged, and

the patient may be asymptomatic in certain circumstances (8,

11, 13, 20, 31). The proper management of asymptomatic lead

perforation is still up for debate. Despite the uncertainty, it is

generally suggested the lead be extracted or repositioned because

there is a chance that it will perforate the surrounding structures

over time, causing catastrophic harm (27, 28, 31, 44).

Transvenous lead extraction is effective and safe

management in the majority of cases. It is conducted

under fluoroscopic guidance with echocardiographic and

hemodynamic monitoring. Additional precautions such as

placement of a pericardial drain for emergent pericardiocentesis

and having cardiac surgeons on standby help assure procedural

safety (15, 23, 25, 27, 28, 31, 45). Postprocedural follow-up is

recommended due to the risks of constrictive pericarditis and

infections (31).

Atrial lead extraction is not always required. When there is

an improvement in the pneumothorax, no pericardial effusion,

minimal symptoms, and satisfactory lead parameters, it is

preferable to keep the electrode in place until the fibrous tissue

thickens and/or wraps around the helix, especially in the elderly

and weak patients who are at higher risk for complications

associated with lead extraction or repositioning. It should be

noted that this strategy’s long-term effectiveness is unverified

(11, 46).

Prevention during venipuncture

Figure 5 provides a clinical algorithm for early identification

of individuals at high risk and appropriate preventative

measures.

The subclavian vein has served as the most widely used

venous access for CIEDs (47). In a patient with risk factors

venography is recommended prior to subclavian vein puncture.
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FIGURE 3

The management of cardiac implantable electronic device (CIED)-induced pneumothorax and concurrent pneumopericardium.
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FIGURE 4

The evaluation of the need for lead extraction or repositioning.

Ultrasound guidance and/or fluoroscopic guidance may also be

useful (48, 49). In a patient with unilateral pulmonary lesions, it’s

preferred to use the subclavian approach on the ipsilateral side

of the diseased lung since there may be less severe complications

(13).When venous access is not possible to establish, particularly

after exhaustively looking for the subclavian vein on a specific

side, the pacemaker-implanting physicians should rule out

pneumothorax before shifting to the opposite side (13).

In terms of preventing pneumothorax, axillary venous access

or cephalic vein cut-down is better than the subclavian vein

approach (18, 47). The cephalic vein cut-down technique has

been well-recognized for fewer occurrences of pneumothorax

(50); however, the axillary approach is still not widely used due

to inadequate training and a lack of familiarity (51).

Axillary vein access decreases the risk of complications

due to its extra-thoracic anatomic location (52). Although

“blind” puncture using anatomical landmarks is common, it is

constrained by the variable relationship between the first rib and

the axillary vein. About 5% of patients need a contrast-guided

technique due to anatomical variations (52–54). As a result

of inexperience, failed attempts, probable complications, and

radiation exposure for both patients and physicians unavoidably

increase (55).

Ultrasound guidance provides a direct view of the

vessel, allowing the operator to monitor the needle’s

passage onto the subcutaneous tissue, assessing the depth

of the vein, and preventing accidental arterial puncture,

thus minimizing the probability of complications (52). A
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FIGURE 5

A clinical algorithm for early identification of patients at high risk of developing pneumothorax or pneumopericardium and corresponding

preventive measures.

randomized clinical trial demonstrated that even when

carried out by inexperienced operators, the ultrasound-

guided axillary vein technique was much superior to cephalic

vein cut-down (47). Therefore, we suggest ultrasound-

guided axillary venous access as the preferred choice for

CIED implantation.
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Conclusion

This case highlights the risks of pneumothorax and

pneumopericardium associated with CIEDs, as well as the

recommended treatment. Operators should be aware of these

potential, unusual complications and precautions that can

be taken to avoid them. However, there is currently no

definitive guidance on the management of CIED-associated

pneumothorax or pneumopericardium. We recommend more

multicenter randomized, trials to compare conservative vs.

invasive therapy for CIED-associated pneumothorax of varying

severity and to compare the long-term outcome between

conservative management and lead extraction in patients with

asymptomatic lead perforation.
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Case report: Three-dimensional
printing as an educational tool
for optimal lead positioning to
left bundle branch pacing

Hui-Qiang Wei, Yumei Xue, Shulin Wu and Xianhong Fang*

Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial People’s

Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China

Left bundle branch pacing (LBBP) has been widely adopted as a physiological

pacing approach. However, LBBP fails to achieve in some cases because

it is di�cult to maintain the orientation of the lead tip perpendicular to

the interventricular septum (IVS). Three-dimensional (3D) printing technology

has emerged as a promising tool for modeling and teaching cardiovascular

interventions. Seeking confirmation of optimal lead placement relative to the

IVS, we used 3D printing technology to generate a 3D printed heart from a

selected patient with successful and proven LBBP. Our model successfully

illustrated that the lead tip was perpendicular to the IVS. Application of the 3D

technology has potential to help the early-operator understand the optimal

lead placement relative to IVS and diminish the learning-curve.

KEYWORDS

left bundle branch area, physiological pacing, 3-dimensional printing, interventricular

septum, pacing lead

Introduction

Medical 3-dimensional (3D) printing has been applied to cardiovascular diseases in

recent years (1). 3D printing has become a promising tool for modeling and teaching

cardiovascular interventions. Left bundle branch pacing (LBBP), a new physiological

pacing strategy, is considered as a feasible and safe approach characterized by a narrow

QRS duration and low and stable capture threshold (2). Ideally, the pacing lead is

screwed-in perpendicular to the interventricular septum (IVS) during the implantation

procedure (3). However, LBBP cannot be achieved in some cases because it is difficult

to maintain the orientation of the lead tip perpendicular to the IVS. To better examine

the position of the lead relative to the IVS, we reviewed clinically indicated cardiac

computed tomography (CT) scan of a patient with LBBP lead and generated 3D-

printed model.
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Case report

A 61-year-old male presented with recurrent syncope and

was found to have high-degree atrioventricular block. He was

admitted to our institution for pacemaker implantation. We

intended to place the ventricular lead in the left bundle branch

(LBB) area to deliver physiological pacing. The 3830 pacing

lead (SelectSecure, Medtronic, Minneapolis, MN, USA) was

delivered through a fixed-curve sheath (C315 His, Medtronic,

Minneapolis, MN, USA) inserted via the left axillary vein. Then

the sheath and the lead were advanced to the ventricular side

inferior to the septal leaflet of tricuspid valves and rotated in a

counterclockwise fashion to place the lead tip in a perpendicular

orientation toward the IVS. The pacing lead was successfully

placed in the LBB area and LBB potential was recorded

with a low capture threshold of 0.75V/0.5ms (Figure 1A). The

transition from non-selective LBBP to selective LBBP was

recorded with the same peak LV activation time of 75ms

(Figure 1B). No complications occurred during the procedure.

Cardiac CT was performed in this patient due to the

chest pain evaluation. CT scans were obtained with a 64-

slice spiral CT system (GE Healthcare, Milwaukee, WI, USA),

with retrospective gating and a slice thickness of 0.75mm.

FIGURE 1

(A) 12-lead ECG and unipolar tip electrode electrogram obtained during sinus rhythm and (B) LBBP. (C) Three-dimensional printed model. (A) A

LBB potential (red arrow) was recorded during the implant procedure. (B) During the threshold test, a transition from non-selective to selective

LBBP was observed with a stable peak LV activation time of 75ms. LBB, left bundle branch; LBBP, left bundle branch pacing; LV, left ventricular;

IVS, interventricular septum.

Then 3D reconstruction of the heart was performed using the

Mimics software (Materialize NV, Leuven, Belgium). Model was

printed using the J501Pro printer (Zhuhai Seine Technology

Co., Ltd., Zhuhai, China) with photosensitive resin. The printing

procedure took ∼5 h to complete. The result of the model is

shown in Figure 1C.

Discussion

LBBP has been widely used in clinical practice since it

was initially described by Huang in 2017 (4). Several methods

for guiding LBBP lead implantation have been reported (5,

6). However, the failure rate of LBBP was 10–20% (7). One

of possible explanations may be related to the oblique lead

fixation. 3D printing technology is a promising tool formodeling

and teaching cardiovascular interventions. Patient-specific 3D

models may offer useful anatomic information and guide

the operators how to rotate the sheath. The example of our

3D printing model as an educational tool for optimal lead

positioning to LBBP showed that the lead tip was perpendicular

to the IVS. The LBB potential was recorded during the procedure

and selective LBBP was successfully achieved in this patient.
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Application of the 3D technology has potential to help the early-

operator understand the optimal lead placement relative to IVS

and diminish the learning-curve.

Conclusion

The 3D printed model may help to better understand the

relationship between the lead and IVS. Future applications of

3D printing might include facilitating research focusing on

optimal lead positioning, understand complex anatomy and plan

complex implantation procedure.
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Case report: What course to
follow when left bundle branch
pacing encounters acute
myocardial infarction?

Xiaojiang Zhang, Yanzhuo Ma, Leisheng Ru, Dongmei Wang,

Jie Li and Shuying Qi*

980th Hospital of the Joint Logistic Support Force of PLA, Shijiazhuang, China

Compared with traditional right ventricular apical pacing, His-bundle pacing

(HBP) provides more physiologic pacing by activating the normal conduction

system. However, HBP has some limitations including higher pacing

thresholds. In addition, disease in the distal His-Purkinje system may prevent

the correction of abnormal conduction. Left bundle branch pacing (LBBP)

may overcome these disadvantages by providing lower pacing thresholds

and relatively narrow QRS duration that improve cardiac function. Here,

we describe a rare case of a transient loss of ventricular capture due to

acute anterior wall myocardial infarction in an LBB-paced patient. With the

improvement of the ischemia, the function of the pacemaker partly recovered.

We review the adaptations, advantages, and limitations, and long-term safety

of LBBP.

KEYWORDS

left bundle branch pacing (LBBP), acute myocardial infarction (AMI), AV block,

pacemaker dysfunction, the pacing threshold

Case presentation

Treatment of AMI

An 82-year-old man who was treated with LBBP in 2018 for atrioventricular (AV)

conduction disorder was admitted to the Chest Pain Center of the 980th Hospital of

the Joint Logistic Support Force of the People’s Liberation Army (PLA) in 2021. Based

on typical acute chest pain, the elevation of the ST segment in leads V1–V4 of the

electrocardiogram (ECG) (Figure 1B), and positive cardiac troponin I (12.34 ng/ml),

the patient was diagnosed with an acute anterior wall myocardial infarction (AMI).

According to the AMI treatment guidelines, the patient underwent emergency coronary

angiography. In his left anterior descending (LAD) artery, there was thrombosis with

fixed stenosis in the proximal segment, whereas no significant stenosis was observed

in the left circumflex artery and the right coronary artery (Figures 2A,B). Because

thrombolysis resulted in grade 3 flow in the distal part of the LAD, we prepared
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FIGURE 1

The electrocardiogram (ECG) changes of the patient. (A) After pacemaker implantation. (B) The transient loss of capture when acute myocardial

infarction. (C) Second day after coronary angiography. (D) After percutaneous coronary intervention.

Frontiers inCardiovascularMedicine 02 frontiersin.org

42

https://doi.org/10.3389/fcvm.2022.969192
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Zhang et al. 10.3389/fcvm.2022.969192

to perform percutaneous coronary intervention (PCI) after

initiating standard drug therapy that included dual antiplatelets,

statin, metoprolol, and diuretics. A subsequent laboratory test

revealed no pathologic features except for 88.3% of white

blood cells being neutrophils (40–75%), creatine kinase (CK)

of 2,179 U/l (50–301 U/l), CK isoenzyme of 140 U/l (0–24

U/l), creatinine of 117 µmol/l (57–111 µmol/l), and D-dimer of

1.227 mg/l (0–0.243 mg/l), which led to a diagnosis of AMI. A

computed tomography (CT) scan of the lung revealed bilateral

pneumonia and hydrothorax that was related to the heart failure.

Echocardiography revealed a left ventricular end-diastolic

diameter of 56mm, ejection fraction of 42%, interventricular

septal thickness of 11.8mm, and decreased diastolic function.

The second day after AMI, the ST segments on his ECG declined

toward the baseline value with inverted T waves in the anterior

leads (Figure 1C).

Adjustment of LBBP parameters

The patient underwent LBB pacemaker implantation for

second-degree type II AV block according to the treatment

guidelines. A 3,830 lead (Medtronic, Inc. Minneapolis, MN,

US) was advanced and positioned via a transventricular

septal approach (Figures 3A,B). The procedure was performed

successfully, with a pacing threshold of 0.5 V/0.4ms and

a QRS duration of 110ms on the ECG (Figures 1A,C,

3C). The pacemaker had a normal function in subsequent

examinations until the occurrence of AMI (Table 1). Compared

with the previous ECG, there was a transient loss of

capture and an increase in the LBBP threshold at the

time of AMI (Figure 1B; Table 1). Pectoral muscle twitching

was noted which indicated some changes in the electrical

performance of the pacing system. The pacemaker and

electrode were immediately tested; the ventricular pacing

threshold had increased to 5 V/0.4ms (Table 1) whereas that

of the right atrium remained stable compared with the value

recorded at implantation. After parameters adjustment, the

symptoms disappeared and the threshold decreased to 3.5

V/0.4ms. Three days after AMI, in the absence of additional

acute ischemia, the pacing threshold had decreased to 2.5

V/0.4ms and was stable. The LAD PCI was performed

after 2 weeks (Table 1). A 3.5 × 28mm drug-coated stent

(Boston Scientific, Marlborough, Massachusetts, US) was placed

in the proximal segment of the LAD (Figures 2D–F). A

routine test showed that the pacing threshold had decreased

to 2 V/0.4 ms (Figure 1D, Table 1).

Outcome and follow-up

The patient recovered well and was discharged. After more

than 1.4 years of follow-up, the patient showed good recovery

with no complications and a septal thickness of 9mm. The

ventricular pacing threshold remained relatively steady with a

slight decrease to 1.75 V/0.4ms (Table 1).

Discussion

To overcome the limitations of right ventricular apical

pacing (RVAP) such as electrical and mechanical dysynchrony

and a high risk of heart failure (1), two physiologic stimulation

techniques have been employed—namely, HBP and LBBP

(2). Although HBP has some demonstrated benefits (3)

such as specific activation of the conduction system and has

been broadly adopted, it has certain drawbacks including

the difficulty of identifying the precise location of the His

bundle, unstable pacing threshold, or lead dislodgement

rate of 5–10%, large atrial signals, or low R-wave amplitude

that complicate pacing management, and heart block distal

to the pacing cite (4). The LBBP is a novel technique

for stimulating the cardiac conduction system. Direct

LBBP, another physiologic pacing method, was first used

during pacemaker implantation to restore the impaired

His-Purkinje conduction system in a patient with heart

failure and LBB block (5). From 2018 to the present, our

center has performed more than 100 LBBP procedures

and has described the advantages of LBBP such as a lower

and more stable pacing threshold, reduced heart failure

rate, narrow QRS duration, high success rate, and few

complications. The LBBP is gaining rapid acceptance among

clinicians (6).

In this report, we described a patient with AV block and

a high percentage of right ventricular pacing rate that was

successfully treated with LBBP. After the implantation in 2018,

the threshold of the pacemaker remained stable and was similar

to that observed at the time of implantation, and the patient was

asymptomatic without heart failure for more than 2 years till the

year 2021.

Many articles and systematic reviews have demonstrated

the effectiveness of LBBP (3), which was confirmed in

our patient. However, some researchers have cautioned that

additional studies are needed to validate the safety of LBBP

(6) as some complications have been reported including septal

perforation and thromboembolism (7), septal arterial injury

(8), and lead dislodgement (9). Our patient was diagnosed

with an acute anterior wall myocardial infarction 2 years

after LBBP, and emergency coronary angiography revealed

LAD stenosis in the proximal segment with transient loss

of LBBP capture in the ECG. During testing the LBB

pacing threshold of had increased to 5 V/0.4ms, which

was related to the myocardial ischemia in the septum. To

investigate whether the infarction scar also contributed to

this increase, we further tested the pacemaker 3 days after

the AMI and found that the threshold had decreased to
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FIGURE 2

Process and visualization of percutaneous coronary intervention (PCI). (A,B) A fixed stenosis in the left anterior descending artery. (C) No severe

stenosis in the right coronary. (D) NS guidewire was placed in the targeted artery. (E) A stent was placed in the proximal segment of the left

anterior descending artery. (F) No residual stenosis after stent implantation.

2.5 V/0.4ms. After standard drug therapy for 2 weeks and

selective PCI for the LAD stenosis, the pacing threshold

further declined to 2 V/0.4ms, likely due to the additional

improvement of the myocardial blood supply. This suggests

that ischemia played a pivotal role in the threshold change.

As for the cardiac scar, there was no evidence that it

was a contributing factor. After discharge, the patient was

followed up for more than 1.4 years, during which time

the pacing threshold remained almost the same as that

recorded at the time of PCI, with only a minor decline after

1.4 years.

Compared with RVAP and HBP, LBBP has technical

advantages, especially in terms of physiologic pacing, but there

are still some aspects that warrant consideration (10). First,

it is essential to strictly comply with the LBBP operation

procedure, which is summarized as follows: (1) determine

the initial LBBP site; (2) introduce a pacing lead into

the interventricular septum (IVS) and reach the LBB area;

(3) assess the lead depth and confirm LBB capture; (4)

remove the sheath and provide slack; and (5) program the

pulse generator (10). Second, after assessing cardiac ischemia

and scarring of the myocardium (especially the septum),

it is important to avoid pacing dysfunctions such as a

high threshold or unstable electrode. Coronary computed

tomography angiography and magnetic resonance imaging of

the heart can provide valuable information. Third, the patient

should be closely followed up to monitor pacemaker function

so that pacing problems can be detected and corrected in a

timely manner.

Short-term clinical outcomes of physiologic pacing,

especially LBBP, have been promising (11, 12). Nonetheless,

prospective clinical trials and mechanistic studies are needed

to better understand this technique and improve its safety

and reliability.

Conclusion

The IVS ischemia may occur more frequently than with

RVAP in patients with LBBP, making them more prone to loss

of capture, which should be taken into account when selecting

the mode of pacing.
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FIGURE 3

Parameters and visualization of pacemaker implantation. (A,B) Pacing electrode of the left bundle branch (yellow circle). (C) Electrocardiogram

showing a QRS duration of 110ms.

TABLE 1 Pacemaker pacing and sensing thresholds of the right atrium and left bundle branch at the time of implantation and acute myocardial

infarction and during follow-up.

2018.12.18 2021.02.19 2021.02.21 2021.03.05 2021.03.12 2021.04.27 2022.05.11

Pacemaker

implantation

AMI 3 days

after

AMI

2 weeks

after

AMI

3 weeks

after

AMI

2 months

after AMI

1.4 years

after AMI

LBB pacing threshold 0.5 V/0.4ms 5.0 V/0.4ms 2.5

V/0.4ms

2.0

V/0.4ms

2.0

V/0.4ms

2.0 V/0.4ms 1.75 V/0.4 ms

LBB sensing threshold 10mV 11–15.6mV 15.6mV Dependence Dependence Dependence Dependence

RA pacing threshold 0.5 V/0.4ms 0.25 V/0.4ms 0.25

V/0.4ms

0.25

V/0.4ms

0.25

V/0.4ms

0.25 V/0.4ms 0.25 V/0.4 ms

RA sensing threshold 5.0mV 2.8mV 2.8mV 4.0mV 4.0–5.6mV 2.8mV 4.0–5.6 mV

AMI, acute myocardial infarction; LBB, left bundle branch; RA, right atrium.
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Case report: Dual
atrioventricular nodal
non-reentrant tachycardia with
six types of ECG patterns
leading to tachycardia-induced
cardiomyopathy in a
51-year-old man
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Cai-Hua Sang2, Yong-Mei Cha3 and Ying-Long Hou1*
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More than three types of ECG manifestations in one patient with dual

atrioventricular nodal non-reentrant tachycardia (DAVNNT) are rare. We

report a 51-year-old male patient with DAVNNT consisting of six types

of ECG patterns leading to tachycardia-induced cardiomyopathy. After

radiofrequency ablation of the slow pathway, DAVNNT was eliminated and

cardiac function was restored.

KEYWORDS

dual atrioventricular nodal non-reentrant tachycardia, electrocardiogram,
cardiomyopathy, slow pathway, catheter ablation

Introduction

Dual atrioventricular (AV) nodal non-reentrant tachycardia (DAVNNT) is
characterized by a sinus beat resulting in consecutive double antegrade conduction
via the fast and slow pathways, which produces two ventricular depolarizations (1).
The 12-lead surface ECG has been regarded as the gold standard for the diagnosis of
DAVNNT with “2 QRS for 1 P” manifestation (2). However, apart from the typical ECG
pattern with 1:2 AV conduction over the fast and slow pathways (3–12), there are six
atypical types of ECG patterns including either slow or fast pathway antegrade block
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FIGURE 1

Results of transthoracic echocardiography. (A) On admission. (B) At the 3-month follow-up.

(3, 4, 6, 7), both fast and slow pathway block (4, 5), alternating
pathway block (3, 4), functional bundle branch block (4, 10),
and atrioventricular nodal reentry tachycardia (AVNRT) (3,
10) during 1:2 AV conduction. Additionally, DAVNNT could
result in tachycardia-induced cardiomyopathy (TIC) (2, 6, 10).
Nevertheless, more than three types of ECG manifestations in
one patient are rare. Herein, we report a case with DAVNNT
consisting of six types of ECG patterns leading to TIC.

Case description

A 51-year-old man was presented with palpitations for
9 years and had a documented history of premature atrial
and ventricular contractions and paroxysmal atrial fibrillation.
He was admitted for incessant narrow complex tachycardia
and New York Heart Association class III heart failure.
He took perindopril 4 mg twice daily, metoprolol succinate
23.75 mg once daily, furosemide 20 mg every other day, and
aldosterone 20 mg every other day for half a month, which
failed to alleviate his symptoms. His physical examination and
laboratory tests were unremarkable. Computed tomography
angiography excluded coronary artery disease. Transthoracic
echocardiography (TTE) revealed a dilated cardiomyopathy
with global hypokinesis, left ventricular end-diastolic diameter
(LVEDD) 68 mm, and left ventricular ejection fraction (LVEF)
39% (Figure 1A). A 12-lead ECG showed a narrow complex
tachycardia with 510 and 400 msec alternating R-R intervals.
Each P wave was followed by 2 QRS, suggesting 1:2 AV
conduction through the fast and slow AV nodal pathways and
possible DAVNNT (Figure 2A).

Different patterns of AV conduction recorded from Holter
monitoring were displayed in Figure 3. Pattern 1 showed a
continuous manifest 1:2 AV conduction over the fast and slow
pathways (Figure 3A). Pattern 2 was defined as the slow pathway
with a 2:1 conduction block (Figure 3B). Pattern 3 occurred
when the conduction of the fast pathway was intermittently
blocked (2:1) (Figure 3C). Pattern 4 was classified as the

alternating conduction block of the fast and slow pathways
(Figure 3D). Pattern 5 was typified by the simultaneous
antegrade 2:1 conduction block with the dual AV pathways
(Figure 3E). In pattern 6, there was 1:2 conduction with
persistent or intermittent left or right bundle branch block
(Figures 3F,G).

The electrophysiological study (EPS) revealed that each
sinus beat was conducted down both the fast and slow pathways,
resulting in 2 QRS, which could be reproduced by atrial extra
stimulus (Figure 4). Atrial programmed extra stimulation at
CS7,8 was performed using a driving cycle length (S1) of
600 msec. When the S1S2 interval was reduced to 350 msec, a
marked AH jump from 172 to 328 msec was observed, which
did not trigger an atrial echo and AVNRT even with intravenous
isoprenaline. There was no retrograde ventriculoatrial (VA)
conduction. Radiofrequency ablation of the slow pathway
subsequently eliminated the tachycardia and restored 1:1 AV
conduction (Figure 2B). Oral medications except metoprolol
succinate 11.875 mg once daily after discharge was the same as
at admission. At the 3-month follow-up, the patient was free
of symptoms. Holter recordings showed no recurrent 1:2 AV
conduction. LVEF improved to 67% and the LVEDD decreased
to 56 mm (Figure 1B).

Discussion

In 1975, the dual ventricular response was first described
as a manifestation of dual AV nodal physiology in which
a premature atrial depolarization was conducted down
both the fast and slow pathways, called “double fire” (9)
and subsequently named DAVNNT (12). The surface ECG
characterizes a sinus P wave followed by two narrow QRS
complexes (2). However, when the frequency of the sinus P
wave is over 100 bpm, the ventricular rate will amount to
200 bpm or more. Meanwhile, the sinus P waves could be
superimposed on the preceding QRS complexes, T waves,
and ST segments, making DAVNNT diagnosis difficult
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FIGURE 2

(A) A 12-lead ECG on admission showed supraventricular tachycardia with alternating RR intervals at a rate of 133 beats/min. The P wave was
positive in lead II, negative in aVR, and biphasic in V1, suggesting a sinus rhythm of 66 beats/min. Each sinus beat was simultaneously conducted
through the anterograde fast and slow AV nodal pathways, giving rise to a double ventricular response. QRS alternans were present as the first
and second QRS complexes during 1:2 AV conduction were of different amplitudes. As shown in the ladder diagram, dots indicate the
beginnings of the P waves. Solid oblique and dashed lines in the AV portion of the diagram denote conduction over the fast and slow pathways,
respectively. (B) The surface ECG returned to normal after radiofrequency ablation.

(Figures 3E–G). Hence, DAVNNT is often misdiagnosed as
premature atrial or ventricular complexes, supraventricular
tachycardia, atrial fibrillation, and ventricular tachycardia,
leading to inappropriate referral for pulmonary vein
isolation (11) and improper implantation of a pacemaker

(7). A misdiagnosis (1) may result in TIC, as in our case, for
9 years.

Seven ECG patterns of DAVNNT from different patients
have been reported. More than three ECG manifestations in
one patient are rare (3, 4). Our case showed six different
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FIGURE 3

Seven typical Holter recording strips in lead V1 were shown. The corresponding mechanism was explained in the ladder diagram below each of
them. RB, right bundle; LB, left bundle. (A) The sinus P waves (PP intervals 740 msec) were conducted simultaneously over the dual AV nodal
pathways, producing a double ventricular response. (B) Group beatings with PP intervals of 1,120 msec were presented. A group of three was
seen throughout the tracing follow by a pause, suggesting sinus beats conducted with alternating 1:2 and 1:1 AV ratios with longer PR intervals
(160 msec) during 1:1 conduction over the fast pathways. (C) The sinus beats (PP intervals 820 msec) in the group beatings conducted with
alternating 1:1 and 1:2 AV ratios with shorter PR intervals (580 msec) during 1:1 conduction over the slow pathways. (D) The front 5 and eleventh
P waves were conducted only through the slow pathways, then the sixth to eighth P waves only via the fast pathways, and the ninth, tenth,
twelfth, and thirteenth P waves simultaneously over the dual AV pathways. The tenth P wave with a PR interval of 240 msec gave rise to a QRS
complex with left bundle branch block (LBBB) morphology, whereas the twelfth and fourteenth P waves with a PR interval of 220 msec
produced a QRS wave with right bundle block (RBBB) pattern. The front 7 PP intervals were 720 msec, whereas the remaining PP intervals were
approximately 840 msec. (E) The remaining adjacent PP intervals will be determined according to the PP interval of 600 msec consisting of two
P waves marked with asterisks. The 2:1 conduction block occurred when the sinus beats were conducted simultaneously via the fast and slow
pathways. Additionally, RBBB aberrancy except the sixth QRS complex were presented with conduction through the slow pathways. (F) Single,
double, triple, and especially six consecutive QRS complexes with RBBB configuration from the conduction via the fast and slow pathways were
shown in the lead V1 rhythm strip. It was the most difficult to identify them due to the superimposition of the P waves (PP intervals 640 msec)
on the QRS complexes. (G) As a result of the conduction via the fast and (or) slow pathways, single and double QRS complexes with RBBB
pattern as well as six consecutive QRS complexes with LBBB morphology coexisted in the lead V1 rhythm strip. Likewise, the P waves with PP
intervals of 620 msec were superimposed on the QRS complexes when LBBB or RBBB occurred, which made them unrecognizable.
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FIGURE 4

Findings of the electrophysiological study. The intracardiac recording confirmed the diagnosis of dual AV nodal non-reentrant tachycardia
(DAVNNT). (A) One atrial impulse (A) triggered one hissian potential (H1) and one ventricular potential (V1) through the fast pathway, and then
one H2 and one V2 through the slow pathway. The time difference between the fast pathway with an AH interval of 96 msec and the slow
pathway with an AH interval of 506 msec was long enough to result in a double ventricular response. The HV interval of both fast and slow
pathways was 38 msec. This recording was taken at a sweep speed of 100 mm/s. (B) Atrial extra systolic stimulation can reproducibly induce a
1:2 conduction over the fast and slow pathways, corroborating the diagnosis of DAVNNT. A paper speed was 25 mm/s.

ECG presentations. The variable ECG manifestations are
attributable to the fact that dual AV nodal pathways have
distinct refractory periods, different conduction velocities,

Wenckebach-type block, and unidirectional block (3), and
various degrees of concealed retrograde conduction under
different physiologic states (7). Specifically, in Figure 3B, slow
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pathway conduction prolonged the following fast pathway
conduction by retrograde concealed penetration of the fast
pathway, which made the ensuing slow pathway conduction
blocked due to concealed conduction. As the second P
wave did not conduct down the slow pathway, there was
no retrograde concealed conduction to the fast pathway,
elucidating the short fast pathway conduction following
the third P wave. Similarly, in Figure 3C, slow pathway
conduction blocked the following fast pathway conduction
by retrograde concealed penetration of the fast pathway,
making the second PR interval of slow pathway conduction
80 msec shorter compared with the first PR interval. In
Figure 3D, after Mobitz type I AV block (Wenckebach)
conduction in the front 5 P waves occurred only along
with slow pathway, the fast pathway exhibited Wenckebach
conduction in the sixth to eleventh P waves. In Figure 3E,
the third PR interval down the slow pathway was 20 msec
longer than the remaining PR intervals, so the fifth P
wave can conduct through the slow pathway and produce a
normal QRS complex. In Figures 3F,G, the QRS complexes
displayed functional RBBB and LBBB morphologies because of
different PP intervals (rate-dependent aberrancy), retrograde
concealed conductions, and changes in autonomic nervous
tension. Taken together, different sinus rates led to different
manifestations of DAVNNT. Therefore, knowing all of the six
ECG presentations of DAVNNT will help early diagnosis and
management.

The differential diagnosis of 12-lead ECG presentation, in
this case, included (1) orthodromic atrioventricular reentry
tachycardia (AVRT) with alternating AV conduction over
a slow and a fast AV nodal pathway as well as VA
conduction over an accessory pathway, (2) AVNRT with
reentrant circuit using two distinct, beat-to-beat alternating
slow AV nodal pathways anterogradely and a single fast
pathway retrogradely, (3) atrial bigeminy, and (4) junctional
bigeminy with a retrograde conduction block. However, the
regular presence of sinus P waves excluded both AVRT
and AVNRT. Additionally, atrial bigeminy can be ruled
out due to the absence of atrial P waves preceding the
QRS complexes with a short cycle length. In addition,
some typical rhythm strips in lead V1 from Holter ECG
tracings (Figure 3) demonstrated that each sinus P wave was
conducted simultaneously over the fast and slow pathways,
and produced two QRS complexes, which were further
corroborated by EPS. Remarkably, the antegrade fast pathway
is more sensitive to the effects of adenosine than the slow
pathway. A positive adenosine test verified by a PR jump can
identify dual AV node physiology on surface ECG recording
(13).

No medications appear highly successful in suppressing
DAVNNT. Radiofrequency ablation or cryoablation of the slow
pathway can eliminate DAVNNT and restore left ventricular
function (1).

Limitations

The Holter tracings in Figures 3B–G were not verified by
EPS, which did not influence the correct explanations in the
ladder diagrams.

Conclusion

This is the first case that reveals six ECG patterns of
DAVNNT leading to TIC. Radiofrequency ablation of the slow
pathway eliminated DAVNNT and restored cardiac function.
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Proposed strategies to
overcome venous occlusion in
the implantation of a cardiac
implantable electronic device: A
case report and literature review

Yi-Pan Li, Cheng-Han Lee* and Ju-Yi Chen*

Division of Cardiology, Department of Internal Medicine, National Cheng Kung University Hospital,

College of Medicine, National Cheng Kung University, Tainan, Taiwan

This case report describes a successful balloon venoplasty to overcome a total

occlusion from the brachiocephalic vein to the superior vena cava in a patient

undergoing cardiac resynchronization therapy. It is crucial for implanting

physicians to be familiar with strategies to overcome venous occlusion in

lead implantation, especially balloon venoplasty, which is an e�ective and

safe approach.

KEYWORDS

venous occlusion, balloon venoplasty, cardiac implantable electronic device, cardiac

synchronization therapy, pacemaker

Introduction

Cardiac synchronization therapy (CRT) has been shown to reduce morbidity and

mortality in patients with symptomatic heart failure with left ventricular (LV) systolic

dysfunction with broad QRS duration and is strongly recommended in the clinical

guidelines (1). Venous occlusion is not an uncommon condition, with an incidence rate

of 13.7% in patients without a previous transvenous implanted device. Approximately

31–67% of patients with previous transvenous cardiac implantable electronic devices

(CIED) experience some degree of venous occlusion (2, 3), which causes difficulty in lead

implantation. We report a successful implantation of three leads after balloon venoplasty

to recanalize the total occlusion of the brachiocephalic vein and superior vena cava (SVC)

for CRT.

Case presentation

A 78-year-old woman was admitted to our department with the diagnosis of New

York Heart Association class III heart failure with a reduced ejection fraction (HFrEF)

(LV ejection fraction: 19%) and one prior drug-eluting stent for the left anterior

descending artery. The 12-lead electrocardiography (ECG) showed complete left bundle

branch block (LBBB) with QRS duration of 174 msec. In the past 2 years, her LV

systolic function didn’t improve despite optimal guideline-directed medical therapy with
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sacubitril/valsartan, spironolactone, and furosemide. We didn’t

prescribe beta-blockers due to intolerance. CRT was indicated

according to the 2021 ESC guideline (1).

She was diagnosed with right breast cancer 14 years ago in

2008 and underwent neoadjuvant chemotherapy and modified

radical mastectomy, followed by adjuvant radiotherapy with

5,000 cGY and hormone therapy with letrozole for 2 years. A

Port-a-Cath was implanted via her left subclavian vein (SCV)

in 2008 and was removed in 2014. The preprocedural venogram

showed partial stenosis in the proximal left SCV, severe stenosis

in brachiocephalic vein and Standford type III SVC occlusion

(4) (Figure 1A). The SVC chronic complete occlusion was

compensated by collateral flow and thus prevented this patient

from clinical symptoms.

We performed a balloon venoplasty and biventricular pacing

CRT(BiV-CRT) implantation with the assistance of a vascular

interventionist. We inserted a 6-French (Fr) Merit sheath via the

left SCV. With the support of a Mustang balloon (3.0× 40mm),

we passed a 0.035-inch TERUMO GLIDEWIRE R© through the

stenotic lesion of the left SCV and the brachiocephalic vein

but could not cross the SVC total occlusion (Figure 1B). We

escalated the wire to a 0.018-inch Hi-Torque ConnectTM wire

(Figure 1C) but we still failed to pass it through the lesion. Thus,

we used right femoral venous access with an 8-Fr Cordis sheath.

FIGURE 1

(A) Venography via the left upper arm demonstrated total

occlusion from the brachiocephalic vein (white arrow) to the

superior vena cava (SVC) (arrowhead) with abundant collaterals.

Left subclavian vein (�). (B) TERUMO GLIDEWIRE® (N) with

support of a Mustang balloon (3.0 × 40mm) failed to cross the

junction of the brachiocephalic vein and SVC. (C) TERUMO

GLIDEWIRE® (⋆) with the support of a multipurpose catheter

was advanced to the left internal jugular vein. The antegrade

Hi-Torque ConnectTM guidewire was successfully advanced to

the inferior vena cava. (D) A Mustang balloon (12.0 × 80mm)

was used to dilate the SVC and brachiocephalic vein with 6 atm.

With the support of a 6-Fr Multipurpose (MP-1) catheter, the

TERUMO GLIDEWIRE R© was advanced to left IJV. Under

the guidance of the retrograde guidewire, the antegrade Hi-

Torque ConnectTM wire crossed the SVC total occlusion and

was advanced to the inferior vena cava (Figure 1C). A Mustang

balloon (3.0 × 40mm) and a Mustang balloon (12.0 × 80mm)

were used to dilate the brachiocephalic vein and the SVC

sequentially (Figure 1D). The post-dilation angiogram revealed

patent flow (Figure 2A).

Subsequently, the coronary sinus was cannulated, and a

passive fixation LV lead (Medtronic 4598–88 cm) was implanted

in the lateral vein with the parameters of R wave 0.6mV,

impedance 652 ohm, threshold 0.8V @ 0.5ms and 93.3%

biventricular pacing. An active fixation lead in the right

ventricle (Medtronic 5076–58 cm), an active fixation lead in

the right atrium (Medtronic 5076–52 cm) and a generator

(Medtronic PerceptaTM) with DDDR mode were implanted

smoothly (Figure 2B). The total procedural time was 152min,

and the fluoroscopy time was 16min. Postprocedural chest

X-ray revealed no pneumothorax. The 12-lead ECG after

CRT implantation showed a narrower QRS of 150ms with

biventricular paced rhythm.

Discussion

Consideration of BiV CRT and
conduction system pacing for CRT

The conduction system pacing with His-bundle pacing

(HBP) or left bundle branch area pacing (LBBAP) for cardiac

resynchronization has become promising as an alternative for

BiV-CRT, especially in patients with unsuitable coronary sinus

anatomy. Currently, themajority of the studies are observational

and nonrandomized (5). A recent small, randomized study

including 40 patients demonstrated that LBBAP for CRT had

greater LVEF improvement than BiV-CRT in heart failure with

non-ischemic cardiomyopathy and LBBB (6). Large randomized

FIGURE 2

(A) The angiogram showed a patent brachiocephalic vein and

superior vena cava after balloon venoplasty. (B) Implantation of

right atrial, right ventricular and left ventricular leads.
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controlled studies are required to verify the possible morbidity

and mortality benefit of conduction system pacing for CRT.

According to the current guideline, BiV-CRT has more solid

evidence of efficacy and safety and is the first-line therapy.

In CRT candidates with unsuccessful coronary sinus lead

implantation, HBP should be considered as an option along

with other techniques such as surgical epicardial lead (Class IIa

recommendation in ESC 2021 guideline). LBBAP has not yet

been recommended as an alternative option for BiV-CRT in

current guideline (1).

Risk factors for venous occlusion and
re-occlusion after lead implantation in
our case

Venous occlusion due to fibrosis or thrombosis is not

uncommon. The incidence of venous occlusion of various

degrees was reported to be 13.7–25% with a total occlusion

rate of 6.8–26% in patients without preexisting CIED. After

prior lead implantation, the incidence raised to 31–67% (2,

3, 7). Due to the development of adequate venous collateral

circulation, patients seldom present with clinical symptoms (2).

Other etiologies of venous occlusion include a history of venous

thrombosis, hypercoagulable state, use of temporary pacing

lead, hormone therapy, temporary or implanted venous access

for hemodialysis, chemotherapy and parenteral nutrition (8).

Therefore, venography prior to CIED implantation should be

considered for planning venous access and identifying venous

occlusion (1, 9).

Our patient had Port-A-Cath implantation via the left

SVC and the catheter remained for 6 years. She underwent

radiotherapy and hormone therapy for right breast cancer,

which could contribute to venous occlusion. Venous access via

the right side was abandoned due to the history of right breast

cancer and radiotherapy.

For patients with an implanted transvenous device, the rate

of occlusion increases over time. The incidence of occlusion was

23% between 1 and 6 months and increased to 35% between

6 and 12 months after transvenous device implantation (10).

The bending point of the vessel with persistent contact to the

endothelium irritates the vessel wall and leads to fibrosis and

occlusion (10). Radiation would injure the microvasculature

of the vessel walls, lead to hypoxia, stimulate proliferation in

the intima and then cause thickening or focal plaque. The

neurotransmitters are also released in damaged vessels and cause

vascular spasm or occlusion (11).

Our purpose of venoplasty was to create the route for lead

implantation in an asymptomatic patient. According to the

current guideline (9), it is considered reasonable that up to 5

leads are implanted in the SVC of older patients, and 3 to 4

leads are implanted in the SCV. The number of leads and sum

of the lead diameters have been reported to be independent

predictors of risk for venous stenosis and occlusion after CIED

implantation (3, 9). The re-occlusion risk is high after lead

implantation, but venous occlusion is generally asymptomatic

due to gradual development of collaterals. The pacemaker-

induced SVC syndrome has been reported to be 0.1% (9). Lead

removal, venoplasty and subsequent stent placement in SVC are

recommended in patients with SVC syndrome (9).

Strategies to overcome a di�cult venous
access

Strategies to overcome venous occlusion in lead

implantation have been reviewed (12). In patients with

previously implanted pacemaker leads requiring upgrading or

revision, there were several approaches for venous occlusion,

including contralateral implantation of a new system, new lead

with subcutaneous tunneling to the old pocket, recanalization

by lead extraction (via extraction sheaths, creating access

for new leads) and recanalization without lead extraction

requiring special equipment, such as a laser tool (12). Other

vascular access options include gaining access medially to the

occlusive site via internal jugular vein, external jugular vein or

supraclavicular approach for subclavian vein, and femoral/iliac

vein access with abdominal/femoral pockets (13). Alternatively,

Elayi et al. (14) detailed inside-out central venous access

(IOCVA) retrogradely from the right femoral vein to facilitate

lead placement in patients with central venous occlusion.

Implantable leadless pacemakers have become a reality since

2012. Leadless pacemaker systems, including FDA-approved

NanostimTM and MicraTM, are suitable for patients with

indications for VVI pacing, such as fixed atrial arrhythmia

with symptomatic bradycardia. The VVI pacing mode cannot

maintain AV synchrony and sometimes causes pacemaker

syndrome. It was also shown that leadless pacemaker therapy

resulted in worsening biventricular function and mitral

regurgitation and had an equivalent rate of deterioration in

tricuspid regurgitation compared to a transvenous pacemaker

(15). Although one study including 198 patients with 100%

right ventricular pacing reported a 3 vs. 14% incidence

of pacing-induced cardiomyopathy (PICM) in leadless and

transvenous pacemaker groups, larger studies are required to

confirm the stated lower incidence of PICM in patients with

leadless pacemakers (16). Surgical epicardial lead implantation

or endocardial lead placement via trans-atrial access should be

the last resort due to invasiveness. Our patient needed CRT to

restore LV systolic function; therefore, a current FDA-approved

leadless pacemaker was not indicated. It has been reported in

the WiSE-CRT study that the WiCS R©-LV system for leadless

CRT was successfully implanted in 13 patients (76%). Although

the study showed short-term effectiveness of QRS duration

shortening and LVEF improvement, the long-term effectiveness

and safety were unclear. In addition, three patients developed
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TABLE 1 Characteristics and disadvantages of strategies to overcome venous occlusion in lead implantation (7, 9, 13).

Characteristics Disadvantages

Contralateral implantation

A. Create a new system or X Straightforward option at the time of upgrade

or revision

× Adding leads without extraction, causing the future lead revision

more challenging

B. Tunneling to the old pocket X Fast and effective × Increased rate of SVC occlusion due to greater sum of the

lead diameters

X Lower risk of vascular injury × New pocket or tunneling requiring second incision, associated with

risk of infection

× Tunneled leads fracture and erosion

Restore venous patency

Recanalization with lead extraction X Preserves the contralateral side for potential

future use

× Risk of major complications including cardiac avulsion, vascular

laceration, pericardial effusion and death, etc.

X Reduced overall lead burden × Loss of functional lead

Recanalization without lead extraction

Antegrade and retrograde wiring with

balloon venoplasty

X Fast and effective × Risk of vascular perforation during inflation or advancement of

lead after venoplasty

X Preserve contralateral venous access × Increased overall lead burden by leaving redundant lead(s) behind

Excimer laser X Can be used to cross wire-refractory chronic

total occlusion

× Risk of vascular perforation or arteriovenous fistula

× Thermal damage to surrounding tissue

× Require special skill and equipment

Retrograde approach with IOCVA X Preserve contralateral venous access if the wire

exit on the same side of preexisting leads

× Increased complexity and operative time

× Concern for vascular injury, pneumothorax or hemothorax when

blindly passing a wire

× Require special skill and equipment

Other transvenous access

Supraclavicular venous access (IJV, EJV and

supraclavicular puncture for SCV) with lead

tunneling to infraclavicular pocket

X Straightforward option to bypass the occlusion

in distal SCV

× Lead traversing over the clavicle, prone to skin erosion, pain and

lead fracture, overcome by subclavian tunneling but with more

extensive surgical dissection

× The route is often tortuous in EJV, making it hard to place the

pacing leads to RV

× Only feasible in distal occlusion of SCV

Infraclavicular venous access (femoral or iliac

vein)

X No risk of pneumothorax × High lead dislodgement rate for the atrial (11–21%) and ventricular

leads (5–7%)

X Easier to achieve hemostasis by

manual compression

× Higher risk of device infection

× Concern about femoral vein thrombosis

No transvenous lead implantation

Leadless pacemaker X Alternatives for patients without upper limb

venous access

× Higher risk of cardiac perforation and vascular complications

X No risk of pneumothorax × Only single chamber pacemaker with VVI mode

× Not all modalities can provide AV synchrony

Surgical epicardial lead X For congenital heart disease in which

transvenous lead is not feasible

× Increased peri-operative mortality and prolonged hospital stay for

4–5 days

X Bail-out option × Higher pacing thresholds

× Greater incidence of lead fractures

EJV, external jugular vein; IJV, internal jugular vein; SCV, subclavian vein; SVC, superior vena cava; IOCVA, inside-out central venous access; RV, right ventricle; AV, atrioventricular.
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FIGURE 3

(A) Treatment algorithm in patients with a preexisting CIED. *In the setting of the pre-existing VVI mode with lead failure. §According to the Heart

Rhythm Society expert consensus statement (9), the indications are as follows. Class I: Lead infection, thromboembolic events related to

thrombus on the lead, SVC stenosis or occlusion preventing implantation of a necessary lead, planned stent deployment in a vein containing a

lead, life-threatening arrhythmias secondary to retained leads. Class IIa: Severe chronic pain at the device or lead insertion site, CIED location

interfering with the treatment of malignancy, if CIED implantation would require more than 4 leads on one side or more than 5 leads through

the SVC, an abandoned lead interfering with the operation of a CIED system. In patients with lead infection, a new lead can be reimplanted after

a complete antibiotic course. The duration depends on the type of infection and is described in the HRS expert consensus. UExtraction of lead

as a first-line approach to lead revision or device upgrade for patients with venous occlusion can be useful in experienced centers, and the

priority depends on the operator’s discretion and expertise (9). †If the vascular recoil would hinder the lead implantation or patients present with

SVC syndrome, venoplasty with subsequent stenting is needed (9). (B) Treatment algorithm in patients without preexisting CIED. *Indications for

VVI: fixed atrial tachyarrhythmia with symptomatic bradycardia; Severe pacemaker syndrome occurred in nearly 20% of VVIR-paced patients,

and the baseline predictors for pacemaker syndrome are lower sinus rate and higher programmed pacemaker rate (21).

Frontiers inCardiovascularMedicine 05 frontiersin.org

58

https://doi.org/10.3389/fcvm.2022.1005596
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Li et al. 10.3389/fcvm.2022.1005596

pericardial effusion after the procedure in the study, and it

was suspended permanently due to safety problems (17). In

the following SELECT-LV study (18), successful implantations

were achieved in 34 patients (97.1%) without significant

periprocedural complications. Further clinical trials are needed

to confirm the feasibility and safety of this pacing modality.

Wiring and balloon venoplasty, an
e�ective and safe approach to overcome
venous occlusion

Since 1990, it has been described that balloon angioplasty

of occlusive venous access for implantation is feasible. One

major complication of venoplasty is vessel perforation during

balloon inflation or lead passage. Worley (19) and Worley et al.

(20) detailed the subclavian venoplasty and performed lead

implantation in 373 patients during a period of 11 years. The

rate of total occlusion with collaterals was 65% via peripheral

venogram but in only 20% of cases by contrast injection near the

site of occlusion, indicating the importance of selective contrast

injection for evaluation. Procedures were successful in 371 of

373 patients without complications, showing that venoplasty

is highly effective and safe performed by experienced hands.

Lead implantation can be promptly achieved after venoplasty

for venous occlusion but is rarely performed because operating

physicians often regard venoplasty as an area of expertise of a

vascular interventionist, and consultation is less practical in the

real world. It is noteworthy to attempt balloon venoplasty after

consulting a vascular interventionist when confronted with the

challenge of venous occlusion. Regarding the multiple strategies

discussed previously, we tried to outline the characteristics and

disadvantages of the strategies, as shown in Table 1.

Our proposed algorithm

Interventional strategies for lead implantation in patients

with venous occlusion have not been optimized. On the basis

of the approaches and outline reported by McCotter et al.

(10), Burri (12) and Elayi et al. (14), herein, we emphasize the

importance of balloon venoplasty and propose an algorithm

as a step-by-step approach to deal with venous occlusion in

lead implantation for patients with or without preexisting

leads (Figures 3A,B). Further studies are needed to identify the

optimal protocol to solve this situation.

Conclusion

We presented a case of venous access challenge in CRT

lead implantation, which was overcome by retrograde wiring

and balloon venoplasty. Venous occlusion is not an uncommon

condition in patients without preexisting transvenous devices.

Venography is imperative prior to CIED implantation. In

patients with previous transvenous device implantation, the rate

of any degree of venous occlusion increased to 31–61%. We

performed a literature review of strategies to overcome the

difficulty in venous access and proposed a treatment algorithm

to be applied when we encounter this condition. We emphasize

that balloon venoplasty is an effective and safe approach

to recanalize the stenotic or occlusive vessel prior to CIED

implantation. It is crucial for a device implanter to be familiar

with the equipment and techniques to overcome the challenges

associated with venous access. It is also important to be open-

minded and consult a vascular interventionist for a venoplasty

rather than promptly deciding to implant a leadless pacemaker.
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Successful radiofrequency
catheter ablation of
Wolff-Parkinson-White
syndrome in a patient with
dextrocardia: A case report
Lei Zhao, Ruibin Li, Long Bai, Dong Wang, Jidong Zhang*
and Xiaohong Yang

Department of Cardiology, The Second Hospital of Hebei Medical University, Shijiazhuang, China

Background: Dextrocardia is a congenital heart malformation with a low

incidence that occurs in only 1 in 10,000–12,000 people. Wolff-Parkinson-

White (WPW) syndrome is a congenital condition with additional accessory

pathways between the atria and the ventricle, which affects up to three

in 1,000 people worldwide. Experience of radiofrequency catheter ablation

in patients with WPW syndrome and dextrocardia is scarce due to its rare

incidence.

Case presentation: A 39-year-old female was hospitalized due to two

episodes of palpitations in the latest 2 months. The morphology of the

P-QRS-T complex of lead aVR and aVL, II, and III were presented invertedly

as common conditions, and shortened P-R interval and a characteristic

“delta” wave were shown on the electrocardiogram (EGM). The patient with

dextrocardia and situs invertus malposition was confirmed by chest-X ray,

cardiac color Doppler echocardiography. The patient was diagnosed with

WPW syndrome with dextrocardia and underwent radiofrequency catheter

ablation (RFCA) successfully. In this case, the key to the success of RFCA is to

understand the anatomical structure of the heart and the great vessels before

the operation and make a personalized operative plan.

Conclusion: Catheter ablation for tachycardia patients with dextrocardia is

efficient and safe. For patients with dextrocardia, the key to successful ablation

was adjusting for projection angulation and different catheter manipulation

compared with a standard case because of the mirror image of a normal heart.

KEYWORDS

dextrocardia, Wolff-Parkinson-White (WPW) syndrome, radiofrequency catheter
ablation, tachycardia, congenital heart malformation
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Introduction

Dextrocardia with situs inversus is a rare congenital
malformation characterized by the mirror-image location of
the heart and viscera. Additionally, Wolff-Parkinson-White
(WPW) is a congenital abnormality caused by an accessory
pathway between the atria and ventricles that bypasses the
atrioventricular (AV) node and the His-Purkinje system. WPW
exists in 0.1–0.3% of the population (1, 2). Therefore, the
morbidity rate of the two conditions is very low. Due to its rare

incidence, the experience of radiofrequency catheter ablation
(RFCA) of tachycardia in patients with dextrocardia is limited.
Here, we report a WPW syndrome case in a patient with
dextrocardia who successfully underwent RFCA.

Case presentation

An Asian 39-year-old female was admitted to the Second
Hospital of Hebei Medical University in January 2022 due to

FIGURE 1

(A) 12 lead ECG with standard lead placement showing sinus rhythm with a heart rate of 68 beats per minute. ECG revealed inverted P-QRS-T
complex waves in lead I and inverted P-QRS in lead aVL. Notably, the P-QRS-T complex in lead aVR and aVL appear reversed compared to their
usual relationship. Likewise, the morphology of the P-QRS-T complex of lead II and III was also invertedly compared to their usual relationship.
The ECG shows an RS morphology in V1, a reversed R wave from V2 to V6 leads, a shortened P-R interval, and a characteristic “delta” wave.
(B) 12 lead ECG with reverse lead placement and right precordial leads V3R-V6R. The ECG showed a positive P-QRS complex in lead I. The
morphology of the P-QRS-T complex of lead aVR and aVL, lead II, and III were reversed compared to their morphologies in panel (A). R wave
amplitude increases gradually, and the S wave decreases gradually in the precordial leads and the “delta” wave in 12 leads.
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FIGURE 2

The PA view chest X-ray shows shadows of the heart and aortic
arch in the right hemithorax along with gas in the fundus of the
stomach on the right side.

two episodes of palpitations in the past 2 months. During the
physical examination on admission, her resting heart rate was
71 beats per minute, her blood pressure was 117/64 mm Hg, and
an apex beat was identified on the right side of the chest with no
murmur. We completed the 12-lead electrocardiogram, chest-
X ray, echocardiography, and blood examinations to evaluate
the patient’s condition. A twelve-lead EGM with standard lead
placement showed inverted P-QRS-T complex waves in lead
I and an inverted P-QRS in lead aVL. Notably, the P-QRS-
T complex in lead aVR and aVL appear reversed compared
to their usual relationship. Likewise, the morphology of the

P-QRS-T complex of lead II and III were also reversed. The
EGM shows an RS morphology in V1, a reversed R wave
from V2 to V6, a shortened P-R interval, and a characteristic
“delta” wave (a wide and initially slurred QRS complex) in
precordial leads (Figure 1A). We completed a 12-lead EGM
with reversed lead placement and right precordial leads V3R-
V6R. From our results, the EGM showed a positive P-QRS
complex in lead I. The morphology of the P-QRS-T complex of
lead aVR and aVL, lead II, and III were reversed, as presented
in Figure 1A. Furthermore, the R wave amplitude increased
gradually, and the S wave decreased gradually in the precordial
leads (Figure 1B).

The posteroanterior (PA) view chest X-ray shows shadows
of the heart and aortic arch in the right hemithorax along
with gas in the fundus of the stomach on the right side
(Figure 2).

Echocardiography showed a normal size of each heart cavity
and normal biventricular functions with an ejection fraction of
76.2%. No regional wall motion abnormalities and septal defects
were detected. Furthermore, laboratory examinations showed
no abnormalities.

Based on the above clinical manifestations and
examinations, we diagnosed the patient with Wolff–Parkinson–
White syndrome combined with dextrocardia. The following
operation strategy of RFCA was performed successfully under
local anesthesia.

Electrophysiological study and
radiofrequency catheter ablation

This procedure was performed under standard local
anesthesia and guided by CARTO electroanatomical

FIGURE 3

The X-ray image of mirror dextrocardia in the left anterior oblique view of 45◦ and right-anterior oblique view of 35◦. (A) The image of
dextrocardia in the left anterior oblique is presented as a common heart in the regular right anterior oblique. (B) The image of dextrocardia in
the right anterior oblique is presented as a common heart in the regular left anterior oblique.
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three-dimensional (3D) mapping system. A steerable Decapolar
catheter (XTTM, Bard Electrophysiology, Lowell, MA, USA)
and 4 polar catheters (AVAIL, Electrophysiology Cather,
Biosense Webster, USA) were positioned in the coronary
sinus (CS) through the right femoral vein. An 8.5-Fr long
sheath (SL1, St. Jude Medical, MN, USA) was advanced
into the right atrium through the right femoral vein, and
a Thermocool Smart touch catheter was introduced to the
region of His-bundle from SL1 (Figure 3). Supraventricular
tachycardia was induced with the frequency of 180 beats
per minute by ventricular S1S1, and A was reset by right
ventricular apex entrainments and RS2 stimuli. The patient

was diagnosed with dextrocardia with a posteroseptal
tricuspid annulus accessory pathway by the intracardiac
EGM (Figures 4A,B). After ablation at 43◦C and 30W
for 5 s, the accessory pathway was blocked and continued
to ablate for 240 s. Retrograde Wenckebach conduction
was stimulated by ventricular S1S1 for 400 ms, decreased
conduction was stimulated by coronary sinus S1S1 stimulation,
and Wenckebach conduction was found for 300 ms. No
ventricular conduction with atria stimulated by S1S2 of
450/300 ms, indicating that the procedure was successful.
Delta wave disappeared on intracardiac and surface EGM
(Figure 4C).

FIGURE 4

(A) CARTO electroanatomical 3-dimensional(3D) mapping system showing the right atrium is a mirror image of a normal heart in the
right-anterior oblique view(RAO)and the left-anterior oblique view (LAO). (B) ECG (before RFCA) with reverse lead placement and right
precordial leads V3R-V6R shows an inferoseptal tricuspid annulus accessory pathway. The prominent early V wave in 7/8 bipolar potentials of 10
polar coronary sinus electrodes also indicates the accessory pathway was in the inferoseptal nearby the coronary sinus ostium. Ventricular
activation was marked by the red arrow. (C) The ECG after the radiofrequency catheter ablation shows “delta” wave disappeared, indicating that
the procedure was successful.
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FIGURE 5

No characteristic “delta” wave was seen, and normal R/S
transition was shown in precordial leads in 12 lead ECG with
reverse lead placement.

After a 6-month of follow-up, the patient did not have
complaints of onset palpitations, and no arrhythmia was
observed on the EGM (Figure 5).

Discussion

Dextrocardia is a rare congenital abnormality that occurs
in 1 in 10,000–12,000 people (3). There are three main
types of dextrocardia. With situs solitus, dextrocardia is
associated with the normal orientation of great arteries. With
situs inversus, the great vessels are usually inversely placed
in the thoracic cavity. Furthermore, with situs ambiguous,
the presence and origin of great vessels from ventricles are
variable and usually accompanied by asplenia or polysplenia
(4). Notably, dextrocardia with situs inversus occurs in
approximately 2 per 10,000 live births. Dextrocardia solitus
or situs ambiguous is considerably less common, occurring
in 1 in 20,000 live births (5). Wolff-Parkinson-White (WPW)
syndrome is an inborn abnormality with an additional
electrical conduction pathway between the atria and the
ventricle, which affects up to three in 1,000 people worldwide
(6). Therefore, the occurrence of the two conditions is
uncommon. These two congenital anomalies can occur alone,
or in concurrence. Dextrocardia can be associated with other
additional cardiac anomalies (7). However, no clear evidence of
a significant correlation relationship between dextrocardia and
atrioventricular nodal reentrant tachycardia or atrioventricular
reentrant tachycardia was found. Likewise,WPW syndrome
occurs as often in patients with dextrocardia as in the
general populations. Klug D (8) reported that a patient with
mirror-image dextrocardia and WPW Syndrome underwent

catheter ablation successfully in 1994 for the first time.
Experience of RFCA in patients with tachyarrhythmia and
dextrocardia is still limited due to its infrequent incidence.
This paper presented the case of a patient with both
conditions in whom radiofrequency catheter ablation was
performed successfully.

Situs inversus is a rare congenital heart condition that can
be divided into situs inversus totalis and situs inversus with
levocardia (9, 10). According to chest X-ray and color Doppler
echocardiography results, the patient reported in our case is
cardiac dextrocardia, accompanied by visceral inversion. The
aortic arch and great vessels are all mirror-inverted. Thus, the
heart is located in the right of the chest, the apex of the heart
points to the right, the aortic arch in the right of the chest,
and the inferior vena cava are left-sided structures. Catheter
ablation is an effective and safe strategy with a high success
rate for managing patients suffering from WPW syndrome
and dextrocardia (11). A previous study involving nine cases
of patients with supraventricular tachycardia and dextrocardia
showed that the successful rate of catheter ablation was 100%
(12). Therefore, for situs inversus without additional anatomy
malformations, adjusting for projection angulation and catheter
manipulation are the key points to achieving a successful
ablation (13).

In this particular case, the main challenge of the procedure
is locating the ablation target accurately. The key point
to a successful ablation in patients with dextrocardia is
understanding the heart’s anatomical structure nd the great
vessels and identifying a strategy before conducting the
operation. Relevant literature reported that the femoral vein
is the most common ablation pathway in supraventricular
tachycardia patients with dextrocardia when needed to RFCA
(14, 15). In some cases, the superior vena cava is also the venous
access to the heart (12). Fluoroscopy and 3D mapping during
the procedure can help successfully ablate the accessory pathway
in WPW syndrome. Besides, since mirror manipulation is
required during the procedure in patients with supraventricular
tachycardia and dextrocardia, catheter maneuvers are also
crucial to a successful ablation.

Conclusion

Wolff-Parkinson-White syndrome with dextrocardia has
been reported previously with left free wall, right free wall, and
anteroseptal accessory pathways (16). We report a unique case of
a posteroseptal accessory pathway in a patient with dextrocardia
and situs invertus. An exact anatomical evaluation is critical
in such a case with dextrocardia. Therefore, EGM, chest-
X ray, cardiac CT, cardiac color Doppler echocardiography,
and 3D mapping can help guide the catheter to the ablation
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target, reduce the procedure duration, and decrease the risks
of complications.
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Brugada syndrome is an inherited cardiac channelopathy arising from

mutations in voltage-gated cardiac sodium channels. Idiopathic epilepsy

portrays a coalescent underlying pathophysiological mechanism pertaining

to the premature excitation of neuronal voltage-gated ion channels resulting

in the disruption of presynaptic neurons and the unregulated release of

excitatory neurotransmitters. The coexistence of epilepsy and Brugada

syndrome may be explained by mutations in voltage-gated ion channels,

which are coexpressed in cardiac and neural tissue. Moreover, the incidence

of sudden unexpected death in epilepsy has been associated with malignant

cardiac arrhythmias in the presence of mutations in voltage-gated ion

channels. Lamotrigine is an antiepileptic drug that inhibits neuronal voltage-

gated sodium channels, thus stabilizing neural impulse propagation and

controlling seizure activity in the brain. However, lamotrigine has been shown

to inhibit cardiac voltage-gated sodium channels resulting in a potential

arrhythmogenic effect and the ability to unmask Brugada syndrome in

genetically susceptible individuals. We are reporting a case of a 27-year-

old male patient with a background of presumed idiopathic epilepsy who

was initiated on lamotrigine therapy resulting in the unmasking of Brugada

syndrome and the onset of syncopal episodes. This case provides further

evidence for the arrhythmogenic capacity of lamotrigine and highlights the

relationship between epilepsy and Brugada syndrome. In this report, we aim to

review the current literature regarding the associations between epilepsy and

Brugada syndrome and the impact of lamotrigine therapy on such patients.

KEYWORDS

Brugada syndrome, lamotrigine, epilepsy, syncope, sudden unexpected death in
epilepsy (SUDEP), sudden cardiac death (SCD), ion channels

Frontiers in Cardiovascular Medicine 01 frontiersin.org

67

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.1005952
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.1005952&domain=pdf&date_stamp=2022-10-28
https://doi.org/10.3389/fcvm.2022.1005952
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1005952/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1005952 November 4, 2022 Time: 10:20 # 2

Omer et al. 10.3389/fcvm.2022.1005952

Introduction

Brugada syndrome (BrS) is an autosomal dominant
channelopathy associated with mutations in voltage-gated ion
channels within cardiac myocytes (1). Several genes have been
implicated in the development of BrS; however, mutations in
the SCN5A gene, which codes for the expression of voltage-
gated sodium channels, have been correlated with most cases
(2). The clinical features of BrS express wide heterogeneity
and can range from complete lack of symptoms to malignant
ventricular arrhythmias predisposing to sudden cardiac death
(SCD) (1). BrS manifests with a characteristic electrocardiogram
(EKG) pattern with coved-type ST-segment elevation in the
right precordial leads (3). The malignant nature of BrS arises
from the presence of arrhythmogenic epicardial substrate in
the right ventricular outflow tract, leading to its association
with approximately 20% of cases of SCD in individuals with
structurally normal hearts (4, 5).

Idiopathic epilepsy portrays a similar pathophysiological
mechanism to BrS, with mutations in the neuronal voltage-gated
sodium channels implicated in the condition’s development
(6, 7). Moreover, some studies have reported the coexistence of
idiopathic epilepsy amongst patients with BrS (7). Interestingly,
with the conduction of genome-wide association studies
amongst patients with idiopathic epilepsy and BrS, some gene
mutations coexpressed in both conditions have been identified
(8, 9). A recent emerging hypothesis explaining the coexistence
of both conditions suggests that the coexpressed genes code for
voltage-gated ion channels expressed within cardiac myocytes
and neuronal cells (2, 7, 10).

Lamotrigine is an antiepileptic agent that inhibits neuronal
voltage-gated sodium channels, stabilizing presynaptic
membranes and hindering excitatory neurotransmitter
release (11). However, in vitro studies have demonstrated that
lamotrigine may exhibit class IB antiarrhythmic activity by
inhibiting cardiac sodium channels (12, 13). There have been
six reports in the literature of lamotrigine contributing to the
unmasking of Brugada syndrome, which further supports the
theory that lamotrigine may exert a sodium channel-blocking
effect within cardiac myocytes (14–19).

In this paper, we aim to report a case of a patient with
pre-existing epilepsy who was initiated on lamotrigine therapy
resulting in the unmasking of a Brugada pattern on the
electrocardiogram. As there have only been six reported cases

Abbreviations: BrS, Brugada syndrome; SCD, sudden cardiac death;
SUDEP, sudden unexplained death in epilepsy; LQTS, long QT syndrome
EKG, electrocardiogram; EEG, electroencephalogram; SCN5A, Sodium
Voltage-Gated Channel Alpha Subunit 5; SCN10A, Sodium Voltage-
Gated Channel Alpha Subunit 10; SCN9A, Sodium Voltage-Gated
Channel Alpha Subunit 9; SCN8A, Sodium Voltage-Gated Channel Alpha
Subunit 8; AKAP9, A-Kinase Anchoring Protein 9; KCNQ1, Potassium
Voltage-Gated Channel Subfamily Q Member 1; FDA, Food and Drug
Administration; UDP−glucuronosyltransferases, Uridine 5′ ′-diphospho-
glucuronosyltransferase.

of lamotrigine unmasking BrS, we aim to contribute to the
pre-existing literature on the subject. Moreover, the case also
highlights the rare coexistence of BrS with idiopathic epilepsy.
Furthermore, we carried out an exhaustive literature review
using the Medline database of all reports of lamotrigine-induced
BrS as well as reports of the coexistence of epilepsy and BrS.

Case report

A 27-year-old Saudi-Arabian male with a 4-year history of
idiopathic epilepsy was referred to the cardiology department
at our hospital for an investigation of his recurrent syncopal
episodes and an abnormal electrocardiogram. The patient’s
most recent admission was due to a generalized tonic-
clonic seizure with lateral tongue biting lasting for 10 min.
Seizure activity was rapidly terminated after four milligrams of
intravenous lorazepam was administered. The patient recovered
immediately with no evidence of confusion or weakness.
However, an hour after seizure onset, the patient developed
shortness of breath, which lasted for 10 min. A baseline
electrocardiogram in the emergency department demonstrated
a greater than 2 mm ST segment elevation in leads V1 and
V2 with a prominent J wave followed by negative T waves
(Figure 1). This was consistent with a type 1 Brugada pattern,
facilitating the patient’s referral to our department.

The patient described that he has been experiencing
intermittent incidents of transient loss of consciousness
preceded by light-headedness and palpitations. Moreover, he
reported that this was unusual as he previously experienced
one or two episodes annually of generalized tonic-clonic
seizures with lateral tongue-biting and urinary incontinence.
However, his recent syncopal episodes presented differently
as described above and have occurred more frequently.
A thorough evaluation of the patient’s family history was
undertaken, which did not reveal any history of cardiac
disorders, epilepsy, or sudden death. Moreover, the patient
described that the incidence of his syncopal episodes began
after the initiation of lamotrigine therapy. The patient had
previously been prescribed 1,000 milligrams of levetiracetam
twice daily; however, 100 milligrams of lamotrigine twice daily
was introduced to establish adequate control of seizure activity.
Previous electrocardiograms before the initiation of lamotrigine
therapy demonstrated normal sinus rhythm with no evidence of
a type 1 Brugada pattern.

The patient underwent a transthoracic echocardiogram
which revealed no evidence of structural heart disease. Further,
electrocardiograms were repeated and were consistent with
a type 1 Brugada pattern. Moreover, a CT scan of the head
revealed no brain abnormalities. An electroencephalogram
(EEG) reported during the awake stage revealed well-organized
activity with no spike-and-wave discharges or lateralizing
abnormalities. Subsequent phonic stimulation did not
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FIGURE 1

Twelve-lead electrocardiogram demonstrating 2 mm ST segment elevation in leads V1 and V2 with a prominent J wave followed by negative T
waves. Suggestive of a type 1 Brugada pattern.

produce any abnormalities. An electrophysiological study
was performed, which resulted in the induction of polymorphic
ventricular tachycardia after programmed electrical stimulation
of the right ventricular outflow tract (Figure 2). The ventricular
tachycardia was terminated through cardioversion, and the
patient remained comfortable throughout the study with no
hemodynamic compromise.

Due to the presence of a type 1 Brugada pattern on
electrocardiography along with a positive electrophysiological
study and the presence of syncope, a recommendation for the
placement of an implantable cardiac defibrillator (ICD) was
made to the patient in accordance with current guidelines
(1, 3). A thorough discussion regarding the risk of sudden
cardiac death and the utility of ICD implantation was initiated;
however, the patient refused further treatment. Moreover, the
patient refused to undergo genetic testing to identify deleterious
genetic variants in genes coding for voltage-gated sodium
channels. A recommendation was made to the neurology
team to discontinue lamotrigine therapy due to its potential
arrhythmogenic effects.

The patient is currently receiving 1,000 milligrams of
levetiracetam twice daily and has discontinued lamotrigine
therapy after his initial admission. A follow-up assessment
3 months after the patient’s initial admission revealed no
further incidences of seizures or syncopal episodes. In addition,
further electrocardiograms obtained after the discontinuation
of lamotrigine therapy display normal sinus rhythm with near

complete resolution of the J-point elevation and the type 1
Brugada pattern (Figure 3).

Discussion

We are reporting a case of lamotrigine-induced unmasking
of BrS in a patient with idiopathic epilepsy. This case highlights
two exceedingly rare associations, with one being lamotrigine’s
unmasking of BrS, while the other association encompasses the
coexistence of epilepsy and BrS amongst specific individuals.

The pathophysiological mechanisms underlying BrS and
idiopathic epilepsy share a coalescent theme pertaining to
the dysregulation of cardiac and neuronal voltage-gated ion
channels resulting in the premature excitability of cells, which
manifests as cardiac arrhythmias and seizure-like activity,
respectively (1, 6, 7). To identify reports highlighting the
coexistence of epilepsy and BrS, we performed a Medline
search using the keywords’ Brugada syndrome’, “Epilepsy,” and
“Seizure.” Our initial search identified seventy-nine studies, and
after abstract screening to identify relevant papers, we identified
seventeen publications reporting cases of BrS in association with
epilepsy (14–16, 19–32). The essential characteristic features
of each paper, including electrocardiogram findings (EKG),
electroencephalogram (EEG) findings, features of epilepsy, and
the type of antiepileptic therapy, are highlighted in Table 1.

Mutations in voltage-gated sodium ion channels underlie
the repolarization and depolarization abnormalities observed in
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FIGURE 2

Electrophysiological study demonstrating the induction and termination of ventricular fibrillation. (A) Twelve -lead electrocardiogram
demonstrating the induction of ventricular fibrillation through triple extrastimuli at the right ventricular outflow tract. (B) Twelve-lead
electrocardiogram demonstrating sustained ventricular fibrillation. (C) Twelve-lead electrocardiogram demonstrating the termination of
ventricular fibrillation through a 360-J transthoracic direct current shock and subsequent return to sinus rhythm.

BrS (1, 2). Over twenty individual genes have been associated
with the development of BrS (2). Notably, loss of function
mutations in the SCN5A gene, which codes for the alpha-
subunit of the NaV1.5 cardiac voltage-gated sodium channels,
have been implicated in over 80% of identifiable mutations in
BrS (2–33). Parisi et al. provide a report of a family with a
mutation in SCN5A with co-expression of BrS and epilepsy
along with characteristic EKG and EEG findings which can be
found in Table 1 (21). The authors of this paper suggest that
individuals who possess the SCN5A mutation may have an age-
dependent phenotypic expression of this mutation, with cerebral
features presenting earlier in life and cardiac manifestations
occurring in the later decades. This hypothesis is further
supported by patients with gastrointestinal disease harboring
the SCN5A mutation expressing variable symptoms within each
age group (34). Furthermore, Leong et al. highlight a case of
a patient harboring an SCN5A mutation with temporal lobe
epilepsy and BrS (16). Animal studies in rats demonstrate the

expression of SCN5A genes within the limbic system, suggesting
that it can alter neuronal action potential propagation (35).
More recently, the expression of SCN5A genes within the
human brain has been described, with studies suggesting an
increased expression within astrocytes and astrocytoma tumors
(36–38). Hence, co-expression of SCN5A genes within the brain
and cardiac tissue may underpin the concurrence of BrS and
epilepsy amongst genetically susceptible individuals harboring
the SCN5A mutation.

Recently, mutations in the SCN10A gene, which codes
for the voltage-gated sodium channels subunit NaV1.8, were
implicated in a large percentage of BrS cases and were associated
with an increased phenotypic expression of symptoms (39).
Interestingly, despite the NaV1.8 being mainly expressed in
the peripheral nervous system, in certain pathologies the
NaV1.8 has been found within the central nervous system
(40). Moreover, a recent genetic analysis has demonstrated
that variants in the SCN10A gene were linked to certain
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FIGURE 3

Twelve-lead electrocardiogram after the discontinuation of lamotrigine. The electrocardiogram demonstrates normal sinus rhythm with near
resolution of the J-point elevation and type 1 Brugada pattern.

epilepsy-related phenotypes (41). Banfi et al. highlight a case
of epilepsy associated with novel mutations identified in the
voltage-gated sodium channel SCN9A gene, and the AKAP9
gene, which have previously been implicated in cases of BrS
(14, 42). The SCN9A gene is also expressed in the brain, with
mutations in this gene being associated with the development of
certain subtypes of epilepsy (43, 44). It is worth noting that BrS is
not the only cardiac channelopathy that has been associated with
epilepsy. Namely, the KCNQ1 gene, which codes for voltage-
gated potassium channels, has been correlated with epilepsy and
long QT syndrome (LQTS) in a subgroup of patients (45).

Sudden unexplained death in epilepsy (SUDEP) is a
phenomenon that carries tremendous morbidity among patients
diagnosed with epilepsy. Approximately 18% of patients with
epilepsy die due to SUDEP (8). One of the leading theories
behind the pathophysiological mechanisms of SUDEP involves
the onset of fatal cardiac arrhythmias (42). This theory is
supported by retrospective cohort studies which suggest that
patients with epileptic seizures have an increased incidence
of abnormal electrocardiogram signs (46–48). It is also worth
noting that SUDEP and sudden cardiac death have been
shown to share similar risk factors, including sex and age
(49). Furthermore, some gene mutations in genes that code
for cardiac voltage-gated ion channels have been identified in
patients with SUDEP. In particular, a few studies have reported
mutations of the SCN5A and SCN10A genes amongst patients
with SUDEP (50, 51).

Interestingly, mutations in the SCN8A gene, which codes
for the alpha subunit type 8 of the voltage-gated sodium
channel (NaV1.6), have been implicated in cases of epilepsy

and SUDEP (52). The NaV1.6 voltage-gated sodium channel is
predominantly expressed in the brain; hence mutations in the
SCN8A gene are associated with a subtype of epilepsy termed
early infantile-epileptic encephalopathy-13 (43). Individuals
with SCN8A mutations possess up to a 10% higher risk of
SUDEP (43). A possible explanation for this increased risk
relates to the expression of NaV1.6 in cardiac tissue, with
mutations in this gene having been associated with cardiac
arrhythmias in animal models (43, 53). Moreover, it is worth
noting that the mere presence of the NaV1.6 channel, under
pathological conditions, may contribute to cardiac arrythmias.
For instance, an in vivo study utilizing mouse models examined
the effects of sodium-channel blockade on the induction of
catecholaminergic polymorphic ventricular tachycardia (54).
The authors of this study noted that blockade of the NaV1.6
channel reduced the incidence of cardiac arrythmias (54). In
addition, the authors hypothesize that NaV1.6 blockade may
interfere with sodium and calcium signaling within cardiac
myocytes, thus, specific blockade of NaV1.6 may provide
a novel approach for the treatment of cardiac arrythmias
(54). Munger et al. also examined the impact of NaV1.6 on
calcium and sodium channel dysregulation on the induction
of atrial fibrillation (55). The authors of this paper suggest
that blockade of sodium-channel isoforms such as the NaV1.6
provides a novel approach for the treatment of atrial fibrillation
through modulation of calcium release within myocytes (55).
Moreover, the SCN1A gene which codes for the NaV1.1 voltage-
gated sodium channel, has also been associated with epilepsy,
SUDEP, and cardiac conduction abnormalities across in vivo
and in vitro studies. Mutations in the SCN1A lead to the
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development of Dravet syndrome (a form of early onset severe
myoclonic epilepsy) in over 80% of cases (56). The incidence
of SUDEP amongst patients with Dravet syndrome is the
highest SUDEP rate reported amongst epilepsy subtypes, hence,
examining the mechanisms which may underpin SUDEP in
Dravet syndrome is essential to further the understanding of the
role of sodium channel isoforms in cardiac arrhythmogenesis
and epilepsy (57). Auerbach et al. explored the mechanisms
behind the altered cardiac electrophysiology and SUDEP in a
mouse model with Dravet syndrome (58). The authors of this
study noted that the mice with Dravet syndrome exhibited
abnormalities in transient and persistent sodium current density
within cardiac myocytes (58). The authors also noted the
presence of increased cardiac excitability and arrhythmogenic
electrocardiogram changes within the Dravet mice (58). Kalume
et al. also examined the mechanisms behind SUDEP in a Dravet
mouse model (59). The findings of this study suggest that
SUDEP in association with SCN1A mutations is triggered by
parasympathetic overdrive resulting in fatal bradycardia and
cardiac dysregulation (59). Experimental models examining
the effects of SCN1A mutations in epilepsy have described
the overexpression of the NaV1.1 channels within cardiac
myocytes and subsequent cardiac hyper-excitability resulting in
a predisposition to cardiac arrhythmogenesis (60).

The coexistence of epilepsy and BrS poses a tremendous
diagnostic challenge due to the overlap in presentations
amongst both diseases. Differentiating true epileptic seizures
from arrhythmia-induced syncope amongst patients with BrS
is challenging. Seizure-like activity amongst patients with BrS
may be a byproduct of cardiac arrhythmias resulting in cerebral
hypoperfusion and subsequent syncope (61, 62). There have
been four reports of BrS masquerading as a seizure disorder
resulting in the misdiagnosis of patients (20, 25, 26, 32). One
of the reports by Wee and Latorre was that of a 25-year-old
male who was presumed to have epilepsy and presented to the
emergency department with an anoxic brain injury resulting
in his subsequent death (25). A type 1 BrS pattern was missed
on the patient’s previous electrocardiograms; thereby, this
report illustrates the significant magnitude associated with
a misdiagnosis of epilepsy amongst BrS patients. Moreover,
clinical features characteristically associated with epilepsy, such
as tongue-biting and generalized tonic-clonic convulsions, may
be observed in patients with arrhythmia-induced syncopal
episodes, making establishing a final diagnosis a tremendous
hurdle (63). The BrS EKG pattern may also not be visible on
the initial EKG and may require further assessment through
sodium-channel blocker provocative testing. In addition, a
multicenter prospective observational study amongst patients
with drug-resistant epilepsy found that syncope and epilepsy
were coexistent amongst 20% of subjects (64). The discovery
of mutations in voltage-gated cardiac ion channels amongst
patients with SUDEP may be explained by the existence
of potentially undiagnosed cardiac channelopathies and

arrhythmias. Misdiagnosis of cardiac channelopathies as
epilepsy, is also common with LQTS. A study by MacCormick
et al. found that patients diagnosed with epilepsy experienced
a delay of approximately 12 years before a correct diagnosis of
LQTS was made (65).

Lamotrigine is an antiepileptic drug that inhibits neuronal
voltage-gated sodium channels, stabilizing presynaptic neurons
and suppressing unregulated glutamate release (11). Recently
in 2021, the United States Food and Drug Administration
(FDA) issued a warning recommending against using
lamotrigine in individuals with structural heart disease
and conduction disorders due to its potential arrhythmogenic
effect (12). The FDA’s warning was based on in vitro studies
suggesting that lamotrigine might inhibit cardiac voltage-gated
sodium channels with similar pharmacodynamics to class
IB antiarrhythmic agents (12, 13). It is well-established that
sodium-channel blockers may induce malignant ventricular
arrhythmias in patients with BrS (66). Moreover, sodium-
channel blocking antiarrhythmic drugs such as flecainide and
ajmaline are used to artificially induce ventricular arrhythmias
in patients with BrS as part of the diagnostic process (64). An
animal study by Goto et al. investigated the effects of lamotrigine
therapy on EKG parameters (67). A notable finding from this
study included the elevation of the J wave in over half of the
animals (67). The J wave is a distinctive feature of BrS, thereby
suggesting that lamotrigine may possess the ability to unmask a
BrS pattern in genetically susceptible individuals. Lamotrigine
exhibits blockade of the brain’s most abundantly expressed
voltage-gated sodium channels, including the NaV1.1, NaV1.2,
and NaV1.6 (68). However, lamotrigine has also been shown
to impact the cardiac voltage-gated sodium channel isoform
NaV1.5 in several in vitro studies. In a paper by Ingleby-Talecki
et al., lamotrigine was shown to block NaV1.5 current even
at therapeutic dosages (69). Lamotrigine demonstrated a half
maximal inhibitory concentration (IC50) of 280.2 and 28.8 µM
at holding voltages of –120 and –95, respectively (69). Moreover,
other in vitro studies have reported similar potencies regarding
lamotrigine’s NaV1.5 blockade (13, 70). In vitro studies have
also shown that lamotrigine demonstrates voltage-dependent
blockade of the NaV1.5 channels with rapid kinetics, closely
resembling the class IB anti-arrhythmic agent mexiletine (69).
The findings of the aforementioned in vitro studies suggest that
lamotrigine may be capable of blocking NaV1.5 channels at
plasma concentrations observed within its therapeutic dosage
range. Moreover, a human study by Dixon et al. analyzed the
effects of lamotrigine on the PR interval in healthy subjects
(71). The study demonstrates that lamotrigine may exhibit a
dose-dependent prolongation of the PR interval (71). The PR
interval may be prolonged due to NaV1.5 blockade, however,
other factors such as heart rate and autonomic stimulation
may contribute to PR prolongation (72). The findings of
the in vitro studies coupled with lamotrigine’s effects on
electrocardiogram markers such as the J wave and PR interval
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TABLE 1 Characteristic features of seventeen publications reporting the association between epilepsy and Brugada syndrome.

First author
and year of
publication

Patient age
and gender

Brugada pattern
on EKG

SCN5A
mutation
status

Epilepsy and EEG features Antiepileptic
medication

Additional information

Abdelghani et al.
(20)

30-year-old male Type 1 Brugada pattern Not available - Prior history of transient loss of consciousness
with convulsions and epileptiform activity

- Sodium valproate and
phenytoin

- Patient presented with cardiac arrest with
ventricular fibrillation

- Patient underwent epicardial radiofrequency
catheter ablation and ICD implantation and
was followed-up for 14 months with no
further episodes

- Antiepileptic medication was discontinued
after ablation and ICD implantation

Parisi et al. (21) - Patient 1:
deceased female

- patient 2:
40-year-old male

- Patient 3:
42-year-old male

- patient 4:
5-year-old male
patient

All 4 patients had
evidence of a type 1
Brugada pattern on EKG

Positive across
all four patients

- Patient 1: not available
- patient 2: tonic clonic seizures. focal posterior

left abnormalities on EEG.
- patient 3: tonic clonic seizures. focal posterior

left abnormalities on EEG.
- patient 4: history of recurrent falls and

generalized slow spike-waves on EEG.

- Patient 1: not available
- patient 2: phenobarbital
- patient 3: phenobarbital
- patient 4: levetiracetam,

clobazam

- All four patients were members of the same
family

- All patients had undergone ICD implantation

Sotero et al. (14) 64-year-old male Type 1 Brugada pattern Negative - Focal epilepsy.- EEG showed bilateral focal slow
temporal activity and right temporal epileptic
activity

- 100 mg Lamotrigine per
day

- 500 mg of sodium
valproate twice daily

- The patient experienced an increase in syncopal
episodes after initiation of lamotrigine

- EKG prior to initiation of lamotrigine was
normal.

- Repeat EKG after discontinuation of
lamotrigine was normal and flecainide
provocative drug test was normal

Fauchier et al. (22) 24-year-old male Type 1 Brugada pattern Not available - History of idiopathic epilepsy with generalized
tonic clonic seizures.

- One-off EEG was reported as normal.

- Diazepam and
phenobarbital

- Patient had witnessed generalized tonic-clonic
seizures with evidence of lateral tongue biting
and urinary incontinence.

Gülşen and Eker (23) 52-year-old
female

Type 1 Brugada pattern Not available - Generalized tonic clonic seizures.
- EEG revealed bilateral frontal intermittent

rhythmic delta wave activity just before the
convulsive episode.

- Levetiracetam 1,000 mg
per day

- Patient had a paternal history of sudden cardiac
death.

Camacho Velásquez
et al. (24)

Patient 1:
37-year-old man
Patient 2:
49-year-old man

Patient 1: Type 1 Brugada
syndrome after Ajmaline
provocative drug testing
patient 2: type 3 Brugada
pattern

Not available in
both patients

- Patient 1: tonic clonic seizures with confusion
after episodes. No EEG available.

- patient 2:
tonic clonic seizures. EEG revealed right
fronto-temporal spikes

- Patient 1: Valproic acid
1,500 mg daily.

- Patient 2: Levetiracetam
2,000 mg per day

- Patient 1 had a positive ajmaline provocative
drug test whereas patient 2 had a positive
flecainide provocative drug test revealing a
Brugada pattern on EKG after infusion

(Continued)
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TABLE 1 (Continued)

First author
and year of
publication

Patient age
and gender

Brugada pattern
on EKG

SCN5A
mutation
status

Epilepsy and EEG features Antiepileptic
medication

Additional information

Banfi et al. (15) 30-year-old male Type 1 Brugada pattern Negative Generalized tonic clonic seizures. EEG
revealed diffuse slow waves and spikes

- Lamotrigine 3 mg/Kg/day - The patient had a history of autism spectrum
disorder and intellectual disability

- The patient was on 15 mg/kg/day of sodium
valproate daily prior to being switched over to
lamotrigine

- EKG findings returned to normal after
initiation of lamotrigine

- Rare variants identified in SCN9A and AKAP9
genes

Wee and Latorre
(25)

25-year-old male Type 1 Brugada pattern Not available EEG revealed diffuse slowing with no
epileptiform activity

- Not specified - Patient was given an anti-epileptic prescription
which was never filled.

- Patient had previous episodes of loss of
consciousness with one episode lasting for
approximately 40 min.

Anabtawi et al. (26) 56-year-old
female

Type 1 Brugada pattern Not available - Not available - Not specified

Strimel et al. (19) 22-year-old
female

Type 1 Brugada pattern Not available - History of temporal lobe epilepsy EEG not
available

- 550 mg of lamotrigine
daily

- The patient’s lamotrigine blood level was
approximately five times the upper limit of the
normal range.

- Procainamide provocative drug test after
normalization of lamotrigine levels
demonstrated no appearance of a Brugada
pattern on EKG.

Sandorfi et al. (27) 41-year-old male Type 1 Brugada pattern
after procainamide
provocative testing

Not available - History of generalized seizures.
- Several EEGs reported as normal, however,

continuous EEG monitoring revealed
rhythmic seizure activity in the left hemisphere

- Levetiracetam and
oxcarbazepine

- The patient underwent ICD implantation

Huang et al. (28) 41-year-old male Type 1 Brugada pattern Not available - Presented to the emergency department in
status epilepticus after over half an hour of
generalized tonic clonic seizures

- No antiepileptic therapy - The patient presented with status epilepticus
and ventricular fibrillation and direct current
cardioversion was delivered which revealed
the underlying type 1 Brugada pattern.

(Continued)
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TABLE 1 (Continued)

First author
and year of
publication

Patient age
and gender

Brugada pattern
on EKG

SCN5A
mutation
status

Epilepsy and EEG features Antiepileptic
medication

Additional information

Van Gorp et al. (29) 8-year-old male Type 1 Brugada pattern Not available - History of tics, urinary incontinence, and
learning disability. Night-time EEG
monitoring revealed rapid, rhythmic, and low
voltage EEG activity in the left temporal region

- Valproic acid 300 mg
twice daily

- This study reported 3-day monitoring of the
initiation of antiepileptic medication in a
pediatric patient with pre-existing Brugada
syndrome.

Ali (30) 59-year-old male Type 1 Brugada pattern Not available - Generalized tonic clonic seizures lasting 30 s
with rapid recovery and urinary incontinence

- Not available - Patient initially presented with ventricular
tachycardia

- Procainamide provocative drug testing
revealed Type 1 Brugada pattern.

Leong et al. (16) 60-year-old
female

- Type 1 Brugada pattern
after ajmaline
provocative drug test

Positive - Temporal lobe epilepsy
- EEG revealed Epileptiform activity in both

temporal lobes

- Lamotrigine 125 mg twice
daily and 1.5 g of
levetiracetam twice daily

Gigli et al. (31) 40-year-old
female

Type 1 Brugada pattern Negative - History of juvenile myoclonic epilepsy and
recent generalized tonic clonic seizures

- EEG revealed generalized spike-wave and
spike-slow wave complexes.

- Valproic acid 750 mg per
day

- Novel mutation identified in plakophilin 2
(PKP2)

Negro et al. (32) 36-year-old male Type 1 Brugada pattern
after ajmaline
administration

Not available - History of recurrent syncopal episodes with
loss of consciousness and convulsions.

- EEG not available

- Phenytoin 100 mg per day - The patient had a family history of epilepsy and
sudden unexplained death

- Phenytoin levels were recorded to be above
therapeutic range

- Patient experienced several episodes of
ventricular fibrillation and cardiac arrest
resulting in the patient’s death

- The authors suggest that the epilepsy was
misdiagnosed, and the patient had Brugada
syndrome which was exacerbated by
phenytoin.
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TABLE 2 Characteristic features of six publications reporting the association between lamotrigine therapy and Brugada syndrome.

Author and year
of publication

Patient age
and gender

Lamotrigine
dose

Brugada
pattern on EKG

SCN5A
mutation status

Additional information

Sotero et al. (14) 64-year-old male 100 mg per day Type 1 Brugada
pattern

Negative - Patient had a prior diagnosis of focal epilepsy
- The patient was on 500 mg of sodium valproate twice daily and experienced an increase in

syncopal episodes after initiation of lamotrigine
- EKG prior to initiation of lamotrigine was normal.
- Repeat EKG after discontinuation of lamotrigine was normal and flecainide provocative drug test

was normal

Banfi et al. (15) 30-year-old male 3 mg/Kg/day Type 1 Brugada
pattern

Negative - The patient suffered from generalized tonic clonic seizures and had a history of autism spectrum
disorder and intellectual disability

- The patient was on 15 mg/kg/day of sodium valproate daily prior to being switched over to
lamotrigine

- EKG findings returned to normal after initiation of lamotrigine
- Lamotrigine level was reported to be within the normal range
- Rare variants identified in SCN9A and AKAP9 genes

Leong et al. (16) 60-year-old
female

125 mg twice
daily

No evidence of Type
1 Brugada pattern on
initial baseline EKG

Positive - Patient had a diagnosis of temporal lobe epilepsy
- Patient had a family history of sudden cardiac death
- The patient was also taking 1.5 g of levetiracetam twice daily
- Ajmaline provocative drug test revealed appearance of Type 1 Brugada pattern and QRS widening

with bigeminy after 3 min of infusion
- Repeat ajmaline provocative drug test after discontinuation of lamotrigine revealed Type 1

Brugada EKG pattern with no QRS widening or bigeminy

Tessitore et al. (17) 62-year-old male Not available Type 1 Brugada
pattern

Not available - Patient has a medical history of bipolar disorder and paroxysmal atrial fibrillation
- Patient overdosed on 1 gram of Flecainide in addition to an unknown amount of lamotrigine and

quetiapine.

Rodrigues et al. (18) 52-year-old
woman

100 mg per day Type 1 Brugada
pattern

Not available - Three EKGS were performed after a flecainide provocative drug test and only one of three revealed
a Type 1 Brugada pattern.

Strimel et al. (19) 22-year-old
female

550 mg per day Type 1 Brugada
pattern

Not available - The patient has a history of temporal lobe epilepsy.
- The patient’s lamotrigine level was approximately five times the upper limit of the normal range.
- Repeat procainamide provocative drug test after normalization of lamotrigine levels demonstrated

no appearance of a Brugada pattern on EKG.
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in in vivo studies suggest that at therapeutic concentrations,
lamotrigine may possess the ability to inhibit NaV1.5 channels
and thus contribute to the Brugada phenotype in genetically
susceptible individuals.

To explore the association between lamotrigine therapy and
the unmasking of BrS, we performed a Medline search using
the terms “Lamotrigine” and “Brugada Syndrome.” A total of 11
publications were identified, and abstract screening resulted in
the selection of six reports (14–19). The features of each report,
including patient characteristics, EKG findings, and lamotrigine
dosage, are summarized in Table 2.

Four of the six patients have been treated with lamotrigine
for pre-existing epilepsy (14–16, 19). In addition, all patients
demonstrated a type 1 BrS pattern on EKG. Interestingly, five
patients had a previously normal EKG prior to the initiation of
lamotrigine therapy, suggesting that lamotrigine may contribute
to unmasking the BrS pattern in susceptible individuals (14–19).
Furthermore, the blood levels of lamotrigine were reported
to be elevated in a paper by Strimel et al., whereas Banfi et al.
reported a lamotrigine level within the normal range (15,
19). The lamotrigine blood level was unavailable within other
reports. However, the discrepancy in the lamotrigine blood
levels between the two papers highlights that lamotrigine may
exhibit an inhibitory effect on cardiac sodium channels at both
therapeutic and supra-therapeutic levels. It has previously been
hypothesized that lamotrigine may unmask BrS at higher drug
concentrations due to loss of specificity for neuronal voltage-
gated sodium channels resulting in downstream effects on
cardiac voltage-gated channels (19). However, the unmasking
of BrS at normal physiological blood levels of lamotrigine
contradicts this theory. We hypothesize that individual
genetics may interfere with lamotrigine metabolism resulting
in significant disparities relating to its pharmacokinetic
metabolism amongst different individuals. Lamotrigine
exhibits first-order pharmacokinetics and has an excellent oral
bioavailability resulting in its rapid absorption with maximal
plasma concentrations of the drug occurring within 1–3 h
(11). Moreover, the metabolism of lamotrigine is facilitated by
different UDP−glucuronosyltransferase enzymes in the liver
(11). Individuals express a wide range of heterogeneity amongst
genes coding for UDP−glucuronosyltransferases, and multiple
polymorphisms can be detected amongst the population
(73). The variable pharmacokinetic profile of lamotrigine was
investigated in a study of 100 epilepsy patients by Milosheska
et al. (74). The study found that multiple factors influenced
the clearance of lamotrigine, including genetic polymorphisms
in UDP−glucuronosyltransferases, body weight, and renal
function (74). Therefore, the authors of this paper suggested
that the variability in lamotrigine’s pharmacokinetics governs
the need for more precise and individualized drug monitoring
and dosage adjustments (74).

As mentioned previously, many patients with cardiac
channelopathies have a prior diagnosis of epilepsy requiring
antiepileptic drug treatment. The role of antiepileptic drugs in

the management of true epileptic seizures is well-established.
For instance, the therapeutic interventions used in our
patient’s case to manage his epilepsy diagnosis included
levetiracetam and lamotrigine, which are supported by
clinical and pharmacogenomic studies (75). However, using
antiepileptic drugs in patients with non-epileptic seizures
and concurrent cardiac channelopathies may result in an
arrhythmogenic effect. For instance, a paper by Bardai et al.
found an increase in the risk of SCD in association with both
epilepsy and the use of antiepileptic drugs (76). Moreover,
Ishizue et al. found that polytherapy with multiple sodium
channel blocking antiepileptic drugs was associated with
arrhythmogenic EKG abnormalities (77). The unmasking
of a BrS pattern on EKG has also been observed with other
antiepileptic drugs, such as carbamazepine and phenytoin
(78, 79).

Nonetheless, the evidence for lamotrigine’s arrhythmogenic
effects remains unclear as the FDA’s current recommendation
is based solely on the findings of in vitro studies. The findings
of the aforementioned in vitro studies regarding lamotrigine’s
impact on cardiac activity have yet to translate clinically. For
instance, a recent systematic review by Restrepo et al. explored
cardiac risk in patients undergoing lamotrigine therapy and
found no clear evidence to support an increase in cardiac
risk (80). Therefore, as it currently stands, lamotrigine and
other sodium-channel blocking antiepileptic drugs are not
contraindicated in patients with BrS.

Conclusion

As described previously, the coexistence of epilepsy and
BrS has been associated with mutations in genes coding for
voltage-gated ion channels, which are coexpressed in cardiac
and neural tissue (7). However, it is worth noting that the
relationship between genotypes and clinical phenotypes is
often not linear; hence mutations in genes co-expressed
in cardiac and neuronal tissue may independently induce
epilepsy and cardiac arrhythmias. Sudden unexplained death
in epilepsy has been associated with malignant cardiac
arrhythmias due to the presence of mutations in genes coding
for voltage-gated cardiac ion channels (7). Consequently,
the identification of potentially pathogenic genetic variants
which may underlie the pathogenesis of epilepsy, cardiac
conduction disorders, and SUDEP requires the use of
targeted next-generation sequencing technology and the
execution of genome-wide association studies to further our
understanding of the genetic basis of the aforementioned
conditions (81). Moreover, the coexistence of epilepsy
and BrS poses a diagnostic challenge due to the similar
nature of clinical presentations. Therefore, we recommend
a thorough neurological and cardiovascular evaluation of
patients presenting with seizures and syncope to identify any
underlying disorders.
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Using sodium-channel blocking antiepileptic drugs such
as lamotrigine in patients with coinciding epilepsy and BrS
may promote arrhythmogenic effects in cardiac myocytes
(12). Furthermore, individual genetic polymorphisms may
influence the pharmacokinetic profile of lamotrigine, resulting
in impaired metabolism and subsequent supratherapeutic
blood levels (72). Accordingly, we propose the need for
more research to understand the arrhythmogenic capacity of
lamotrigine and other antiepileptic drugs. In addition, we
recommend the need for precise and individualized therapeutic
monitoring and dosage adjustments amongst patients receiving
lamotrigine therapy.
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Apple Watch-guided diagnosis
of AVNRT in a pregnant
woman—A case report and
literature review

Maja Hawryszko, Grzegorz Sławiński*, Dariusz Kozłowski and

Ewa Lewicka

Department of Cardiology and Electrotherapy, Medical University of Gdańsk, Gdańsk, Poland

Cardiac arrhythmias occurring during pregnancy pose a therapeutic problem

as antiarrhythmic drugs can be potentially harmful to the fetus. A 35-years-old

woman in the 20th week of pregnancy was admitted to the Department

of Cardiology due to the first episode of arrhythmia in her life. During the

event, the patient was wearing an Apple Watch Series 6, which records a

30-sec single-channel ECG. The recording showed narrow QRS complex

tachycardia of 216 bpm, and short RP interval and atrioventricular nodal

reentrant tachycardia (AVNRT) was recognized. Due to the mild nature of

the arrhythmia, antiarrhythmic pharmacotherapy was not initiated. The use

of mobile health (mHealth) devices such as wearables and health monitoring

applications is now a valuable addition to routine cardiac diagnostics for

patients of all ages and levels of cardiovascular risk.

KEYWORDS

AVNRT, pregnancy, Apple Watch, mobile health (mHealth), arrhythmia

Introduction

Cardiac arrhythmias occurring during pregnancy pose a therapeutic problem as

antiarrhythmic drugs can be potentially harmful to the fetus. Therefore, in the presence

of mild arrhythmias, antiarrhythmic drug therapy is not recommended. The use of

mobile health (mHealth) devices such as wearables and health monitoring applications

is now a valuable addition to routine cardiac diagnostics for patients of all ages and levels

of cardiovascular risk (1).

Case description

A 35-years-old woman in the 20th week of pregnancy was admitted to the

Department of Cardiology due to the first episode of arrhythmia in her life. During

normal activities, she developed palpitations and pre-syncope symptoms. Until now,

she had no concomitant diseases and had no risk factors for cardiovascular disease.

She was not taking any medications. On admission, the patient did not report any

symptoms, was in good general condition, and was without any abnormalities in the
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physical examination. ECG showed sinus tachycardia 113 bpm,

normal cardiac axis, and T-waves inversion in leads V1—V3

(Figure 1A).

During the event, the patient was wearing an Apple

Watch Series 6, which records a 30-sec single-channel ECG.

The recording showed narrow QRS complex tachycardia

of 216 bpm and short RP interval (Figure 1B), and

atrioventricular nodal reentrant tachycardia (AVNRT) was

recognized. During hospitalization, no cardiac arrhythmia

was found during telemetric ECG monitoring, and

transthoracic echocardiography showed no abnormalities.

Due to the mild nature of the arrhythmia, antiarrhythmic

pharmacotherapy was not initiated. The patient was informed

about the possibility of terminating the arrhythmia with the

Valsalva maneuver.

Discussion

Cardiac arrhythmias may appear for the first time in

pregnancy, but they may also aggravate or recur previously

observed arrhythmias. Atrial fibrillation and paroxysmal

supraventricular tachycardia (PSVT) are, in addition to

premature beats, the most common forms of arrhythmia in

pregnancy. Atrioventricular recurrent tachycardia (AVNRT)

predominates among PSVT. It is estimated that approximately

20% of patients with pre-pregnancy supraventricular

tachycardia will exacerbate their symptoms during pregnancy.

According to the 2019 guidelines for the management of

patients with supraventricular tachycardia, vagal maneuvers

are a first-line treatment for AVNRT during pregnancy. It is

also recommended to avoid the use of antiarrhythmic drugs

in pregnant women with mild symptoms or rare and short

episodes of arrhythmia (2). If symptoms are present and the

arrhythmia is not tolerated by the woman, and if periodic

disturbances in uteroplacental flow are present, treatment with

a cardioselective beta-blocker should be considered, preferably

after the first trimester of pregnancy. If there is no improvement

after the treatment, the substrate of the arrhythmia may be

ablated, preferably after the end of pregnancy (3).

Recently, watches have turned into devices that not only

show the time, but provide a lot of information about life

activity, sleep, and its phases, and some of them also have the

function of recording a real-time electrocardiogram (ECG). By

enabling patients to take their ECG recordings in situations

such as palpitations or presyncopes, clinicians can increasingly

review hard-to-reach arrhythmias and those occurring less often

thanks to registration using a smartwatch (4). Research has

been carried out on the diagnostic accuracy of smartwatches

in all cardiac arrhythmias. They show that the detection of

cardiac arrhythmias with smartwatches available on the market

is possible with very high diagnostic accuracy. The overall

sensitivity, specificity, and accuracy of these digital systems were

100, 95, and 97%, respectively. PPV and NPVwere 85 and 100%,

respectively (5).

In the case described above, the patient used the smartwatch

ECG function when she felt palpitations. However, not all

patients experience episodes of arrhythmia to benefit from the

ECG recording. A good example is an atrial fibrillation, which is

often asymptomatic. Measuring the heart rate, but also detecting

cardiac arrhythmias basically uses two different technologies:

photoplethysmography (PPG) and electrocardiography. The

resulting pulse wave sequences can be analyzed with the help

of special algorithms (their regularity and irregularity), and

arrhythmias can be detected using the variability of the pulse

frequency. This information is analyzed by numerous available

applications designed for this purpose (6). A number of studies

have demonstrated the high accuracy of a wide variety of mobile

AF detection devices. However, studies are still being conducted

to confirm such large-scale use of patients (7). One of the

largest studies is conducted by Perez et al. (8), where of the

450 participants who were monitored with ECG patches, 153

identified AF—resulting in a diagnostic AF efficiency of 34%.

In subjects 65 years of age or older, AF was detected in 35%

of patients, while among participants under 40 years of age,

the diagnostic efficiency of AF was 18%. The goal of the Apple

Heart Study was to evaluate the ability of the Irregular Heart

Rate Alert algorithm to identify AF with the Apple Watch

application by consumers. Among participants who received a

report of an abnormal heart rate, 84% of reports were consistent

with AF (8).

Nowadays, when health awareness and the need to control

it increases, more and more mHealth devices appear on the

market. Smartphones and smartwatches are the most popular,

but that’s not all. One of the most interesting proposals is Google

Glass, a gadget worn on the head, which is equipped with an

accelerometer, gyroscope, and a camera, thanks to which we

can get to know our heart rate (HR) and respiratory rate (RR).

Another noteworthy invention is Plaster Zio. It is a waterproof

patch applied to the left chest that provides a single-lead ECG

and is used for continuous heart rhythm monitoring. The patch

can be worn for up to 14 days and provides relatively long-term

heart rate monitoring without the need to replace the battery

or recharge, and includes an event marker button that can be

pressed when a patient experiences symptoms (9, 10). Another

example is AliveCor’s Kardia Mobile, an ECG event recorder

for smartphones that provides 30 sec of ECG. It integrates

ECG leads in a smartphone case and enables the recording of

heart rhythms and then electronic sharing of the recordings

(10). Currently, Kardia Mobile devices from AliveCor enable

recording one or even six ECG leads. Recently, a device in

the form of a card with the same functions has also been

made available for general use. Another type of heart rate

monitoring device is the chest belt. Examples of these devices

include BioHarness and Polar devices, among others. In addition

to monitoring the heart rhythm, they enable the monitoring
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FIGURE 1

(A) ECG on admission to hospital: sinus tachycardia 113 bpm, normal cardiac axis, T-waves inversion in leads V1 - V3; (B) Recording from Apple

Watch: narrow QRS complex tachycardia of 216 bpm with short RP interval.

of physical activity, respiratory rate and body temperature.

These devices are dedicated primarily to people who practice

sports intensively and want to monitor the circulatory and

respiratory systems.

Current devices can monitor ECG, heart rate, arrhythmia,

blood pressure, stress, respiratory rate, temperature, saturation,

ischemia, and apnea. A comparison of the most popular

devices used for mobile rhythm monitoring is presented

in Table 1. Taking into account the capabilities of the

existing mHealth devices, potential groups of patients

for which the use of these devices would be an added

value would be patients with palpitations, presyncope or

syncope, heart failure, established AF, coronary artery disease,

QTc prolongation in medical history, with a tendency to

hyperkalemia, requiring cardiac rehabilitation and with

peripheral vascular disease.

Measurement of HR during exercise and rest can be used to

predict the risk of cardiovascular disease. In healthy populations,

high resting HR is associated with an increased risk of coronary

artery disease and is an unfavorable predictor of outcomes in

patients with established heart failure (14). Disturbed return

to resting heart rate after exercise correlates with increased

rate of adverse cardiovascular events. HR variability (HRV) is

also strongly associated with the risk of adverse cardiovascular

events in healthy subjects and heart failure patients with reduced

ejection fraction (14).
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TABLE 1 Comparison of the most popular devices used for mobile rhythmmonitoring.

Device Type of

product

The method used to detect

heart rate or rhythm

AF detection

accuracies

Continuous HRV

measurement

Other medical

functionalities

FDA approval

Apple Watch 4 or later (Apple,

United States)

Watch PPG—for long-term surveillance of HR

Two-lead user-triggered ECG via one

installed electrode in the digital crown

and the other installed electrode in the

back of the watch

90.5% (11) No PA, falls, sleep Yes

KardiaMobile (AliveCor,

United States)

Card, pocket

mobile device

Up to six lead ECG 100% (11) No No Yes

Fitbit Flex, One, Charge (Fitbit,

United States)

Watch PPG—an algorithm that can passively

assess the heart rhythm in the

background, and if there are any signs

suggestive of AF, the user get notify

98.2% (12) No PA, sleep Yes

Garmin (Garmin, United States) Watch PPG nd No PA, sleep No

Polar (Polar Electro, Finland) Chest strap Electrocardiac sensors which detects

and monitor HR

nd Yes PA No

Zio Patch (iRhythm Technologies,

United States)

Patch Single-use, adhesive, external

ambulatory ECG device which

continuously records up to 14 days of

ECG data. The device has no external

wires or electrodes; it records ECG data

via a single lead contained in the device

housing

100% (13) No No Yes

Microsoft Band (Microsoft) Band PPG nd No PA, sleep No

BioHarness (Zephyr) Chest belt Continuous ECG sampled at 250Hz by

means of a couple of textrodes

embedded on a chest strap

nd Yes PA, RR, skin

temperature

Yes

AF, atrial fibrillation; ECG, electrocardiogram; HR, heart rate; HRV, heart rate variability; nd, no data; PA, physical activity; PPG, photoplethysmography; RR, respiratory rate.
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A prolonged QT interval can predispose patients to

life-threatening arrhythmias. The single-lead ECG patch

BodyGuardian (Preventice Solutions Group, USA) and the

algorithm-predicted QTc from the KardiaMobile 6-lead ECG

compared to the 12-lead ECG confirmed the satisfactory

quality of this type of measurements (15, 16). Hyperkalemia

is another a reversible cause of life-threatening arrhythmias,

which can manifest on the ECG in the form of: peaked T

waves, QRS widening, PR interval shortening and bradycardia.

It is observed especially in patients with chronic kidney

disease. In these patients, efforts were made to evaluate the

effectiveness of the detection of hyperkalemia with AliveCor

devices. The sensitivity by the duration of hyperkalaemia was

94% and the specificity was 74%, however high false-positive,

and false-negative rates and the need for continuous ECG

monitoring decreased the enthusiasm supporting the use of

wearables to find out hyperkalaemia (17). However, in the

future, after improving the algorithms responsible for the

detection of hyperkalaemia, it may be an interesting alternative

to laboratory diagnostics in specific groups of patients.

Cardiovascular telerehabilitation programs supported by real-

time wearable data can revolutionize home-based rehabilitation

and relieve the inconvenience and decrease the cost associated

with center-based programs. A randomized trial comparing

REMOTE-CR—a real-time, remote telerehabilitation platform

that includes the use of a chest-worn wearable sensor

(BioHarness 3, Zephyr Technology, United States) - with a

classic center-based program showed that REMOTE-CR was

associated with less sedentary time at 24 weeks and was even

more cost-effective (18). In patients with peripheral vascular

disease, the first-line treatment for intermittent claudication is

a supervised exercise program of gradually increasing intensity.

Two randomized trials with patients with peripheral vascular

disease, each utilizing the ankle-based accelerometer StepWatch

3 (Modus, United States), proved that wearable-guided training

was associated with a significant improvement in walking

ability, speed, and peak oxygen consumption (19, 20).

Mobile applications for patients are very numerous

and popular, which makes our phone a personal caregiver

nowadays. Among the cardiological applications, the most

popular are heart rate monitoring systems that simultaneously

create history and graphs of the pulse wave. Some of them

are related to algorithms for selecting/classifying ECG or

other measurable symptoms of heart disease. In addition,

you can also find programs for cardiac rehabilitation, blood

pressure measurement, and systems for detecting heart failure.

Other categories with a large number of cardiac applications

include ECG education and interpretation, cardiology

journals, calculators, and cardiopulmonary resuscitation (CPR)

instructions (21).

Considering the potential of mHealth devices, the most

important thing now would be to design a unified (at the

beginning even within a given country) application that would

enable direct data transfer to a doctor, for instance, when the

patient’s state of well-being has deteriorated.

Mobile devices have been conquering the world for several

years. Recognizing their potential, the companies producing

them try to meet customer requirements and the possibility

of using them, for example in medicine. Despite the excellent

results of research in this area, there are many problems that

need to be solved in order to take advantage of their potential

on a large scale. Barriers include heterogeneity in an application,

lack of reimbursement structures, and socio-economic and

demographic disproportions in access to technology. It is

obvious that the devices mentioned above are most often used

by young people who care about their health. Low-income

people and older people will be less likely to access these

tools, even though they are the group most likely to use them.

When a patient uses mHealth devices, despite the diagnosis of

arrhythmia by the application, there is no telemedicine network

sufficiently built to send the results, such as ECG, to the doctor

for evaluation. Some patients ignore the reports as irrelevant or

are afraid of the diagnosis and initiation of chronic treatment

(22). On the other hand, some patients may focus too much

on interpreting the constantly accumulated information. The

abundance of data can also, in extreme cases, become the basis

for the overdiagnosis of diseases.

Conclusions

It usually takes months to register arrhythmias on the

basis of multiple ECG recordings and frequent admissions to

emergency departments (23). More importantly, this period

is usually very stressful both for pregnant patients, as in the

presented case, and for the other patient awaiting diagnosis.

Due to the growing popularity of mHealth technology in

the general population, cardiologists gain access to more

data, which will enable faster diagnosis and treatment of

arrhythmias (24). Arrhythmia recording with Apple Watch

and other ECG recorders can be of great diagnostic value

in preventing complications of arrhythmia, such as ischemic

stroke in the case of patients with AF. It is also an important

supplement to diagnostics and enables faster diagnosis in

patients with paroxysmal palpitations. The widespread use of

devices connected to the Internet makes it possible to collect

a large amount of clinical information, without the need to

visit the doctor directly, at relatively lower costs for hospitals

and clinics.
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Case report: Pacemaker lost
capture after acute myocardial
infarction in a patient with left
circumflex coronary artery
occlusion

Zhihong Wu†, Jianjun Tang†, Qingyi Zhu, Lin Hu, Zhenjiang Liu,

Xuping Li, Qiming Liu, Shenghua Zhou and Mingxian Chen*

Department of Cardiology, The Second Xiangya Hospital of Central South University, Changsha,

China

A 71-year-old female with a dual-chamber pacemaker presented to our

hospital complaining of repeated chest pain. She was diagnosed with unstable

angina. On day 7, the patient suddenly su�ered cardiopulmonary arrest due to

an inferior ST segment elevationmyocardial infarction (STEMI). Pacemaker lost

capture was suspected and was later confirmed by a pacemaker check with

a high pacing threshold and a low sensing parameter. Emergency coronary

angiography revealed that a large filling defect remained due to an extensive

thrombus in the proximal left circumflex (LCX) with thrombolysis in myocardial

infarction (TIMI) grade 2 flow, and then a repeat thrombus aspiration was

performed. After reperfusion, the parameters of the right ventricular lead were

gradually returned. We conclude that the loss of the right ventricular lead

pacing occurred in this case of acute coronary syndrome (ACS) induced by

an LCX thrombus due to an LCX supplying the right ventricular septal.

KEYWORDS

acute myocardial infarction, pacemaker, failure capture, sudden cardiac death, arrest

Introduction

There are several causes that contribute to the loss of a permanent pacemaker

capture, such as battery depletion, lead dislodgement, and circuit problems. However,

malfunction of a ventricular lead of a dual-chamber pacemaker following an acute

myocardial infarction (AMI) is rare (1). There are few reports describing the pacemaker

lost atrial capture as a consequence of an AMI (2–4). Herein, we report the rare case of

failure pacing following an acute inferior wall myocardial infarction in a patient with an

occlusion of the left circumflex (LCX) that supplied the right ventricular septal.
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FIGURE 1

Admission electrocardiogram (ECG) and acute myocardial infarction (AMI) ECG. (A) ECG on admission. It showed a sinus rhythm at 76 bpm

(beats per minute), normal conduction, and low amplitude of T wave in multiple leads. (B) ECG during AMI. It showed ST segment elevation in

leads II, III, and aVF and ST segment depression in leads I, aVL, and v4-6.

Case report

A 71-year-old female presented to our hospital complaining

of repeated chest pain. Her past history included coronary heart

disease and sick sinus syndrome (SSS). Six years ago, she was first

admitted to our hospital and diagnosed with unstable angina.

Then, coronary angiography revealed a severe stenosis of the left

anterior descending (LAD), and a stent was implanted into the

LAD. One year ago, the patient was admitted to our hospital

because of syncope. She was diagnosed as having SSS with 7.97

seconds of asystole and then received a dual-chamber pacemaker

(Medtronic Inc., Minneapolis, MN, USA) implantation.

On admission, her heart rate was 76 bpm (beats per minute)

and her blood pressure was 131/67 mmHg. Transthoracic

echocardiography (TTE) showed a normal left ventricular

size and function without regional wall motion abnormalities.

Electrocardiogram (ECG) on admission shows a sinus rhythm

at 76 bpm, normal conduction, and low amplitude of T wave

in multiple leads. According to the ischemic symptom and

previous history, the patient was diagnosed as having unstable

angina. The concentration of hypersensitive cardiac troponin T

(TnTsh, upper limit of normal = 14 pg/ml) was at a normal

level (9.64 pg/ml). She received a secondary prevention of

coronary heart disease. After admission, we confirmed that

her pacemaker was functioning normally (a pacing threshold

of 0.6 V @0.40ms, a sensing threshold of 11.3–13.1mV, and a

lead resistance of 820Ω). In addition, creatine kinase (CK) and

TnTsh were normal.

On day 7, she suddenly presented with chest pain, then lost

consciousness, and no carotid pulse was found. Subsequently,

cardiopulmonary arrest ensued. Cardiopulmonary resuscitation

(CPR) was performed immediately. ECG showed an ST segment

elevation in leads II, III, and aVF and ST segment depression

in leads I, aVL, and V4-6 (Figure 1). She was diagnosed as

having AMI. A pacemaker malfunction was suspected and

confirmed by a pacemaker check showing an increase in the

pacing threshold to >10.0V and a decrease in the sensing

threshold to < 0.5mV, despite a normal lead resistance (840�).

After CPR, her heart rate was 113 bpm (sinus rhythm) and

her blood pressure was 128/68 mmHg (maintenance dose of

norepinephrine: 1.2 mg/h). Pulse oximetry was 93% supported

with mechanical ventilation. The results of arterial blood gases
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FIGURE 2

Coronary angiography. (A) Before thrombus aspiration, a large filling defect remained due to an extensive thrombus in the proximal left

circumflex (LCX) with The Thrombolysis In Myocardial Infarction (TIMI) grade 2 flow. (B) After thrombus aspiration, the large filling defect

appeared. And the TIMI grade of LCX improved. (C) A large thrombus was presented after thrombus aspiration. (D) Atrial and ventricular leads of

dual-chamber pacemaker were normal. No leads’ dislodgement or fracture was found.

TABLE 1 Summary of right ventricular lead testing before and after the acute myocardial infarction.

Date Right atrium Right ventricle

P-wave

(mv)

Threshold

(V/ms)

Impedance

(�)

R-wave

(mv)

Threshold

(V/ms)

Impedance

Before AMI >3.7 0.8@0.40 620 11.3–13.1 0.6@0.40 820

AMI >2.8 1.0@0.40 660 <0.5 >10@1.5 840

After thrombus aspiration >3.1 1.2@0.40 600 2.2 >5.0@1.5 760

Day 1 after AMI >3.5 1.0@0.40 610 3.3 2.6@0.40 780

Day 2 after AMI >3.5 1.0@0.40 580 5.7–5.8 2.2@0.40 800

Day 3 after AMI >3.5 0.8@0.40 590 8.1–9.2 1.2@0.40 830

The infarction was associated with a complete right ventricular function. After an acute myocardial infarction (AMI), the ventricular lead sensing and pacing parameters were found to

have gradually returned.
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FIGURE 3

Monitoring electrocardiogram (ECG) at lead II. It was found that the pacemaker gradually lost capture before the patient lost consciousness

(A–C). Ventricular pacing spikes are shown in a red arrow.

and electrolytes showed a pH= 7.49, a potassium concentration

(3.7 mmol/L, upper limit of normal = 5.3 mmol/L), and a

magnesium concentration (0.8 mmol/L, lower limit of normal

= 0.78 mmol/L). The concentration of TnTsh was elevated

(437 pg/ml). The results of a routine blood panel showed a

normal level of hemoglobin (131 g/L). Emergency coronary

angiography showed that a large filling defect remained due

to extensive thrombus in the proximal left circumflex (LCX)

with TIMI grade 2 flow (Figure 2). The patient underwent

repeated thrombus aspirations. The TIMI grade 2 flow had

improved. The pacemaker reprogramming, it was found that an

increase in the pacing threshold to >5.0V and a decrease in the

sensing threshold to 2.2mV were noticed, despite a normal lead

resistance (760�) (Table 1). Looking back at the ECG monitor,

ventricular pacing spikes were visible and failed to capture the

myocardium (Figure 3). The atrial lead functioned normally.

During the follow-up, from day 1 to day 3, the parameters

of ventricular lead were gradually returned. In addition, CK

showed the highest value [2,467 IU/L (international units/liter)]

on day 1.

Discussion

There are several causes that result in the failure capture

of a pacemaker, including battery depletion, lead dislodgement,
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circuit problems, acidosis, and hyperkalemia (5). Although

pacemaker malfunction induced by ischemia is rare, there are

still some previous case reports that demonstrated an atrial lead

malfunction after a myocardial infarction. In these cases, the

pacing threshold was obviously increased due to myocardial

necrosis. However, malfunction of a ventricular lead of a dual-

chamber pacemaker following an acute myocardial infarction

(AMI) is rarely reported (6). This case has illustrated the fact

that loss capture (GA1) of a pacemaker took place after inferior

STEMI in a patient. The anterior 2/3 of the interventricular

septum is supplied by the left anterior descending or LAD,

while the posterior 1/3 of the interventricular septum is supplied

by the right coronary artery or LCX. The ventricular lead was

implanted into the posterior 1/3 of the interventricular septum.

Therefore, thrombotic LCX induced ventricular lead failure

capture. A recent article reported by Saadatagah et al. (7) has also

presented a similar scenario on the implantable cardioverter-

defibrillator (ICD) malfunction during an AMI. It showed the

case of a young woman with refractory vasospastic angina who

happened to display a repeated dysfunction of her implantable

cardioverter-defibrillator (ICD). Coronary angiography showed

severe stenosis of three vessels (7).

A few hours after the AMI, an intercellular edema occurred.

It is characterized by an obvious inflammatory response with

neutrophil infiltration and progressive coagulative necrosis (8).

It led to an increase in the pacing threshold in this patient, and

it finally, resulted in a failure capture of the right ventricular

lead. After thrombus aspiration and TIMI, blood flow recovered,

and the parameters of the right ventricular lead were gradually

returned. We concluded that the transient ischemia of the

interventricular septum at the pacer–lead interface caused a

transient loss of sensing and pacing functions (9).

Conclusion

Failure of ventricular capture of the pacemaker in an acute

myocardial infarction is transient. Failure capture will reverse to

normal after the timely intervention of reperfusion therapy.
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Background: Carotid body tumor surgery is associated with various

complications. However, intraoperative cardiac arrest is very rare and no more

than 10 cases have been reported.

Case description: A 58-year-old woman diagnosed with bilateral carotid

body tumors underwent right carotid body tumor surgery. Sudden cardiac

arrest occurred during the resection and was attributed to carotid sinus

hypersensitivity. The patient recovered after prompt treatment and the tumor

was removed completely with no complications.

Conclusion: Cardiac arrest attributed to carotid sinus hypersensitivity

during carotid body tumor resection is very rare. Proper treatments can

reverse intraoperative cardiac arrest. If carotid sinus hypersensitivity is

detected preoperatively, prophylactic temporary pacemaker implantation may

be appropriate.

KEYWORDS

carotid body tumors, carotid sinus hypersensitivity, intraoperative cardiac arrest,

surgical complications, tumor resection

Introduction

Carotid body tumors (CBTs) are rare neurogenic tumors that arise from

chemoreceptive tissue in the carotid body. It is the most common form of neck

paragangliomas. Although there is no effective drug to treat CBT, several studies have

shown that close monitoring and follow-up are an option in select CBT patients who

were asymptomatic, showed no signs of accelerated enlargement, and presented with no

evidence of malignancy or no somatic mutation (1–3). While complete surgical resection

remains the mainstay of CBT treatment and the only definitive cure for CBT (4), tumor

manipulation is associated with significant morbidity due to the nature of its anatomic

structure and location. The rate of surgery-related complications has been reported to be

in the range from 20 to 27% (5). Herein, we report on a female patient with bilateral CBTs

who underwent surgical manipulation complicated by cardiac arrest during her first

staged tumor resection. The clinical presentation of hemodynamic instability indicated

carotid sinus hypersensitivity (CSH). Case details are provided and the related literature

is comprehensively reviewed.
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FIGURE 1

Computed tomography angiography showing intensely

enhanced masses at the level of bilateral carotid bifurcations.

Black arrows point to the internal carotid artery, white arrows

point to the external carotid artery, and red arrowheads point to

the carotid body tumor.

Case report

A 58-year-old female patient who was diagnosed with

bilateral CBTs during a routine health check-up 3 years prior

was admitted to the department of vascular surgery, Shanxi

Provincial People’s Hospital. She complained of a swelling

sensation in her neck. The patient had no local pain, difficulty

swallowing or breathing, voice changes, or palpitations. No

systemic symptoms, such as fever, chills, and malaise, were

present. There were no special records in her past medical

history and family history. During a physical examination, a

small, painless, firm, and pulseless mass was palpated on the

right side of the neck at the carotid triangle located below the

angle of the mandible. The Fontaine sign was positive. Physical

examination did not reveal a left neck mass. The laboratory

analyses did not suggest any other abnormalities, except slightly

elevated low-density lipoprotein cholesterol and triglyceride

levels. A routine electrocardiogram was normal. A computed

tomographic angiography showed an intensely enhanced mass

measuring 2.6 × 1.8 × 1.3 cm at the level of the right carotid

bifurcation. A smaller mass measuring 1.1 × 0.9 × 0.9 cm was

present on the left in a similar location (Figure 1). These findings

were consistent with bilateral CBTs. According to the imaging

results, the right tumor partially surrounded the carotid vessels,

indicating Shambling II group tumor. The left-side tumor was of

Shambling I group.

The therapy options were discussed with the patient after

admission. She agreed to staged surgical dissection of the

tumors. According to most experts’ consensus, the smaller

tumor should be removed first because of the low operative

risk for permanent cranial nerve injury. This strategy facilitates

the resection of large tumors in the second stage. However, the

risk of manipulation in the right CBT was as low as that in the

left after evaluation, and the patient requested removal of the

large tumor first. Therefore, it was decided that the right CBT

was to be resected in the first stage. The patient was informed

of the possible surgical complications, and written consent was

obtained before surgery.

Surgery was performed in a supine position under general

orotracheal anesthesia, and the neck was slightly hyperextended

and rotated to the left. A longitudinal incision along the

anterior border of the right sternocleidomastoid muscle was

made to expose the carotid bifurcation and the tumor

(Figure 2). Proximal and distal arterial control was obtained by

exposing the common carotid artery, internal carotid artery,

and external carotid artery cephalad to the mass. Then, the

tumor was gradually separated from the carotid arteries in

cranial to caudal direction along the subadventitial plane

using bipolar electrocautery. Cardiac arrest suddenly occurred

when dissecting the tumor from the carotid bifurcation. The

systolic blood pressure (sBP) dropped from 115 to 40 mmHg.

This complication was managed immediately with external

cardiac massage and administration of a single intravenous

0.5-mg atropine dose while simultaneously suspending CBT

manipulation. The cardiac activity recovered ∼40 s after

asystole. The heart rate and sBP returned to 72–80 bpm and

120 mmHg, respectively. The manipulation was then completed

while gently assisted by topical anesthesia with 2% lidocaine.

The patient was closely monitored after surgery and a decrease

in the heart rate and blood pressure level was not noted. On

the second day after surgery, the patient complained of left

chest pain during exercise. Chest X-ray showed no rib fracture,

and reexamination of the electrocardiogram indicated normal

results. The level of myocardial enzymes was not elevated.

The pain was relieved over time without analgesia treatment.

The patient had no neurological sequelae or cranial nerve

injuries after surgery and was discharged 1 week after surgery.

Histopathological examination revealed a zellballen pattern

characteristic of paraganglioma and did not show any evidence

of malignancy (Figure 3A). Immunohistochemical results were

positive for synaptophysin, chromogranin A, and CD56 in the

tumor cells and S-100 protein was present in the sustentacular

cells (Figures 3B–E). Both synaptophysin and chromogranin

A are neuroendocrine markers located in neuroendocrine

granules. CD56, known as a neuronal cell adhesion molecule,

is a membrane glycoprotein present on the neural cell surface.

These positive immunohistochemical stain profiles supported

the diagnosis of CBT. The patient had no complaints at 1-month

follow-up after surgery.
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FIGURE 2

Intraoperation view of right carotid body tumor resection. A

mass at the bifurcation splayed the internal carotid artery (black

arrow) and external carotid artery (white arrow).

FIGURE 3

Histopathological examination revealed the zellballen pattern

characteristic of paraganglioma (A). Immunohistochemical

results were positive for synaptophysin (B), chromogranin A (C),

and CD56 (D) in the tumor cells and S-100 protein in the

supporting cells (E).

Discussion

CBTs can be divided into sporadic or familial types.

Sporadic types account for the majority of cases, and bilateral

tumors are detectable in only 5% of sporadic CBTs (6). A

complete staged resection is suitable for most bilateral CBTs.

Surgical CBT management can lead to various complications,

including cranial nerve injury, vascular injury, stroke, and

intraoperative blood loss. However, sudden cardiac arrest during

CBT manipulations experienced by the patient described in

the present report is very rare, with no more than 10 cases

reported to date (7, 8). This complication can be attributed

to CSH.

The carotid sinus is a baroreceptor with neurovascular

structure located above the carotid bifurcation (9). CSH is an

exaggerated response of the carotid sinus baroreceptor to local

mechanical stimulation. According to the European Society of

Cardiology (10), CSH is defined as asystole lasting for at least 3 s

and/or a drop in sBP of at least 50 mmHg in response to carotid

sinus massage. The prevalence of CSH is mainly concentrated

in people over 60 years old and increases with age (11). It is

rare in individuals younger than 50 years old. CSH is divided

into three subtypes: (1) the cardioinhibitory type is characterized

by a decrease in heart rate that leads to cardiac arrest; (2) the

vasodepressor type results in a drop in sBP independent of

heart rate; and (3) the mixed type has both features (12). The

patient’s CSH fell into the third category. CSH most commonly

occurs in oldermales, probably owing to atherosclerotic vascular

non-compliance and sternocleidomastoid denervation (11).

Many systematic comorbidities and local morbidities are also

associated with CSH. The former includes Alzheimer’s disease,

dementia with Lewy bodies, Takayasu arteritis, severe coronary

artery disease, and internal carotid artery occlusion. The latter

includes head and neck malignancy, scar in the neck, and

radiotherapy to the neck (13, 14).

The study patient had no morbidities associated with

CSH mentioned above. Special positioning necessary to obtain

adequate tumor exposure might be a CSH trigger. Stretched

carotid sinus and vagus nerve caused by hyperextension and

rotation of the neck can led to a slowdown of the heart

rate. Intraoperative dissection of the tumor from the carotid

bifurcation and carotid arteries stimulated the carotid sinus,

which was a response to the vessel wall deformation in

any direction (15). These stimuli were carried out via the

glossopharyngeal and vagus nerves to the nucleus tractus

solitarius in the brainstem, with the efferent reflex arch

carried through the vagus and sympathetic nerves to the heart

and blood vessels, negatively influencing the heart rate and

blood pressure (11). It is likely that the above two processes,

especially the second one, were the main causes of CSH in the

study patient.

The incidence of complications mentioned above increases

with the expansion of the tumor (16). Intraoperative cardiac

arrest seems to be not associated with tumor size. Prophylactic

local anesthetic injection around the carotid sinus during the

carotid bifurcation operation is routinely used by surgeons to

inhibit the carotid sinus reflex (17, 18). However, the effect is

questionable. Part of the causation may be due to the variations

in carotid sinus location, which results in the inaccurate local

anesthesia injection site (9).

The first staged surgery for the right CBT induced CSH in

the present patient. The left CBT was smaller in size. The patient

decided not to remove it for the time being, but to observe it

instead. However, the patient provided consent for removing the

tumor on the left side in the future, if necessary. How to prevent

possible intraoperative CSH is a problem worthy of discussion.

Bilateral CSH has been reported and atropine does not reverse

bradycardia every time (19, 20). Temporary cardiac pacemaker

implantation is a prophylactic option for CSH detected before
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surgery (21, 22). The patient might need a temporary pacemaker

before the surgery to remove the left CBT.

Conclusion

Intraoperative cardiac arrest caused by CSH is a very rare

but life-threatening complication during the resection of CBT.

Its incidence has little correlation with tumor size. Doctors

should be alert to this potentially dangerous complication when

performing surgery near the carotid sinus. Implantation of a

temporary pacemaker is a possible preventive measure if CSH

is detected on the surgical side prior to the operation.
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Background: Perforation of the interventricular septum and left ventricular

(LV) free wall by a right ventricular (RV) lead is an extremely rare and

potentially life-threatening complication. In this case report, we discussed the

diagnosis and management of a very unusual complication of pacemaker (PM)

implantation, i.e., LV perforation brought on by an RV pacing lead.

Case summary: A 92-year-old man was admitted to Xiangyang No.1 People’s

Hospital due to a complete atrioventricular block. We performed a dual-

chamber PM implantation; however, on the second postoperative day (POD),

pacemaker failure occurred. Thoracic computed tomography (CT) scan

showed that RV lead had pierced the interventricular septum and LV free

wall. A transvenous lead extraction of the penetrating lead was performed

uneventfully, and RV lead was refixed at the lower RV septum on the 5th POD.

Discussion: Identification of high-risk patients is mandatory to prevent this

serious complication, and transvenous lead extraction with cardiac surgery

backup may be an option.

KEYWORDS

pacemaker, lead migration, left ventricular perforation, transvenous lead extraction,
right ventricular pacemaker lead

1. Introduction

Iatrogenic ventricle perforation by pacing/defibrillation leads is a rare but potentially
life-threatening complication which occurs in only 0.3–0.8% of pacemaker (PM) or
implantable cardioverter defibrillator (ICD) implantation procedures (1). Although
the right ventricular (RV) apex is the site of lead perforation that occurs most
frequently, few cases have been reported of lead penetration through the interventricular
septum and the left ventricular (LV) free wall to the left hemithorax (2). Appropriate
management of lead migration in the left hemithorax is still uncertain. Among these
reported cases, most patients underwent surgical extraction of the penetrating lead (3).
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2. Case presentation

A 92-year-old man was referred to our center for
syncope due to a complete atrioventricular block (Figure 1A).
His medical history includes coronary atherosclerotic heart
disease and chronic obstructive pulmonary disease. Coronary
angiography was performed on account of effort angina 3 years
ago (Figures 1E, F). Prior coronary angiography revealed
a diffuse lesion (percent diameter stenosis 70–80%) in the

middle segment of the left anterior descending (LAD) branch
(Figure 1E). However, he refused to receive revascularization or
medication treatment. During hospitalization, he had no finding
of heart failure, and the transthoracic echocardiography (TTE)
revealed minor mitral insufficiency and normal LV contraction
(ejection fraction: 55%).

We performed dual-chamber PM (HeartTone LD300D,
LifeTech Scientific Corporation, Shenzhen, China) implanted
via the left subclavian vein on the next day after admission.

FIGURE 1

Twelve-lead electrocardiogram and coronary angiogram of the patient. (A) The initial electrocardiogram on the admission day showed
complete atrioventricular block with frequent premature ventricular contractions. (B) The electrocardiogram immediately after pacemaker (PM)
implantation showed the left bundle branch block pattern and the pacing model was VAT. (C) The electrocardiogram on the second
post-operative day (POD) showed ventricular pacing failure. (D) The electrocardiogram after transvenous lead extraction and re-fixation showed
the right bundle branch block and left axis deviation, and the right ventricular (RV) lead was refixed at the lower RV septum. (E) Hexagonal star
symbol shows a diffuse atherosclerotic stenosis was observed in the middle segment of the left anterior descending branch, thus leading to
insufficient coronary blood supply on the mid-portion of the interventricular septum. (F) Right coronary artery was relatively normal.
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FIGURE 2

Various imaging modalities showed the lead perforation. (A) X-ray fluoroscopy image (right anterior oblique 30◦) immediately after implantation
showed that the RV lead was placed at the right ventricular (RV) apex. (B) Chest x-ray showed that the RV lead was beyond the left cardiac
margin and clearly migrated in the left hemithorax. (C) Thoracic computed tomography (CT) scan showed the RV lead course from the right
ventricle (1) to the left cardiac margin (3) in the patient and perforation of the interventricular septum (2) was well-evident. (D) Coronal CT
images confirmed the RV lead migration in the left hemithorax. Thoracic CT scan should, therefore, be regarded as the gold standard for the
strategical management of this complication.

The implantation procedure can be summarized as follows:
under local anesthesia, after a successful puncture of the left
subclavian vein, the patient was implanted with a common
sheath. Although a superior vena cava stenosis might exist,
we did not replace the common sheath with a long sheath.
Thus, the manipulation of active fixation leads was very
difficult; we attempted to fix RV lead at the RV septum,
but it was not as successful. Finally, two active fixation leads
were, respectively, placed at the RV apex (SureScan 5076;
58 cm, Medtronic, Minneapolis, MN, USA) and the right atrial
appendage (SureScan 5076; 52 cm, Medtronic, Minneapolis,
MN, USA) with excellent pacing parameters (intraoperative
RV lead impedance and threshold were 1,300 � and 1.4 V,
respectively). There were no abnormalities or complications
during the implantation procedure. X-ray fluoroscopy image
immediately after implantation showed that the RV lead was
fixed properly (Figure 2A). Electrocardiogram immediately
after implantation showed the left bundle branch block pattern
(Figure 1B).

However, on the second postoperative day (POD), the
patient complained of unrelenting chest pain and syncope.
A subsequent immediate chest X-ray identified that the RV

lead tip migrated to the region outside the left cardiac margin
(Figure 2B). A thoracic computed tomography (CT) scan
revealed that the RV lead passed through the interventricular
septum and the left LV free wall, and finally reached the
left of the pericardial cavity. Furthermore, as the thoracic
CT scan also showed a small amount of left pleural effusion
(Figure 2B) and there were no obvious symptoms of pericardial
tamponade (Figures 2C, D), we deduced that the lead had
already penetrated the pericardium. Electrocardiogram and
interrogation showed loss of ventricular capture (Figure 1C).

The subsequent patient’s management was thoroughly
debated. Patients may not tolerate surgical lead extraction due
to the variety of severe chronic diseases and advanced age.
Therefore, on the 5th POD, we performed transvenous lead
extraction under transesophageal echocardiography monitored
and cardiac surgery backup. Figures 3A–D depict and describe
the entire procedure in detail. Transvenous lead extraction was
uncomplicated and did not have any hemodynamic instability,
and intraoperative ultrasonography monitoring showed no
increase in pleural effusion and pericardial effusion. The
original RV lead was refixed at the lower RV septum to
reduce the risk of perforation and consequent tamponade.
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Subsequent electrocardiogram and PM interrogation revealed
the PM functioning normally with excellent pacing parameters
(intraoperative RV lead impedance and threshold were 1,020 �

and 1.0 V, respectively) (Figure 1D). On the 10th POD, the
patient was discharged, and the subsequent 6 months of follow-
up were uneventful.

3. Discussion

Left ventricular perforation caused by an RV pacing lead
is a rare and potentially life-threatening complication, and
the lead can migrate to the outside of the pericardium with
a potential risk of vascular or pulmonary damage. Although
late-onset (> 1 month) ventricular perforations have also
been observed, they often started within < 24 h after device
placement (4). To the best of our knowledge, no specific
recommendations are known to exist for this uncommon
complication. In addition, it has not yet been extensively
investigated what pathophysiological mechanisms are involved
(5). All of the clinical cases with this complication documented
in the literature are shown in Table 1, together with their lead
type, model, location, migration course, clinical characteristics,
treatment, and follow-up (2, 3, 5–12).

Although the mechanisms of interventricular septal
perforation are still unknown, the reported cases suggest that
inadequate blood supply and the twisting motion of the septal
musculature from beat to beat may be associated with this
complication (5). Besides, active fixation leads positioned on the
thin-walled RV apex also seem to be related to an increased risk
of left-sided lead migration, according to earlier observations
on patients with lead perforation. Indeed, in this case, the
perforation portion of the septal was the coronary angiogram
that had previously shown insufficient coronary blood supply.
Although active fixation leads positioned in the RV apex result
in greater stability, the straight shape of the distal RV lead may
bring about significant pressure perpendicularly transferred
to the ventricular wall (13). Moreover, features of the lead
(SureScan 5076; 58 cm, Medtronic) also seem to play a pivotal
role in our case. This lead’s non-retractable bare screw and
substantial tipping load may have created excessive stress on
the ventricular wall (12). Finally, excessive loop of the RV lead
may generate more tension in the ventricular wall, which is also
a potential cause of ventricular perforation. In this regard, to
prevent the recurrence of this lead implantation complication,
a leadless PM should be used in conjunction with a functioning
AAI system as an alternate treatment.

A previous study found that pericardial effusion and
tamponade only occurred in 38 and 19% of patients (14).
However, detecting cardiac perforation brought on by
ventricular leads with clinical symptoms was not difficult.
Therefore, in instances with unclear results and/or a lack of
symptoms, thoracic CT scans are essential to determine if

FIGURE 3

Transvenous lead extraction process. (A) The white arrow shows
the lead of the temporary transvenous pacemaker. (B) The white
arrow shows the right ventricular (RV) lead was screwed back to
the left ventricle. (C) The white arrow shows the RV lead was
screwed back to the right ventricle. (D) The white arrow shows
the right ventricular lead was refixed at the lower right
ventricular septum.

the pleural or LV free wall is implicated and to establish an
appropriate diagnosis.

According to a consensus endorsed by the American
Heart Association, transvenous lead extraction is not the
preferred strategy for patients with cardiac perforation due to
pacing/defibrillation lead (15). As indicated in Table 1, surgical
lead extraction was carried out without incident in all instances
of lead migration in the left hemithorax. Still, for patients who
may not tolerate surgical extraction or refuse surgical extraction,
transvenous lead extraction could be a potential alternative,
especially in recent implantations. It is a less invasive method
than open surgery that avoids the potential complications of
sternotomy as well as long-term hospital stays (16).

In this report, to the best of our knowledge, we first
demonstrated the transvenous lead extraction to treat the
lead migration in the left hemithorax. From our experience,
spontaneous closure of the perforated site with myocardial
contraction is likely to occur immediately after lead withdrawal
in LV or RV perforation. Therefore, transvenous lead extraction
is feasible, but considering its high-risk characteristics, the
whole procedure should be performed by an experienced
intervention cardiologist specializing in transvenous lead
extraction, preferably in a hybrid operating room, under
careful hemodynamic and transesophageal echocardiographic
monitoring with a cardiac surgical backup. In addition,
transvenous lead extraction should be followed by a new
lead implantation or re-fixing of the perforating lead in a
different location.
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TABLE 1 Summary of clinical cases of ventricular pacemaker/implantable cardioverter defibrillator (PM/ICD) leads migration in the left hemithorax including our case.

References Sex Age (y) Lead type Lead
model

Lead
position

Time from
implantation

to lead
complication

Symptoms Lead
migration

Management New lead
position

Follow-up

Selcuk, et al. (6) F 30 N/A N/A RV apex 2 weeks headedness,
chest pain

RV wall,
pericardium, left

pleura

surgical extraction N/A Uneventful

Migliore, et al.
(7)

M 52 active fixation
ICD lead

Linox SD 65/16,
biotronik

RV apex 12 days asymptomatic septum, LV wall surgical extraction epicardial Uneventful

Bohora, et al. (8) M 44 active fixation
PM lead

ICQ09B-58,
vitatron

RV apex 5 days chest pain,
cough, fatigue,
left hemithorax

RV wall,
pericardium, left

pleura

surgical extraction epicardial Uneventful

Kondoh, et al.
(9)

M 82 active fixation
PM lead

CapSureFix
5076-52,

medtronic

RV sptum 3 months chest pain RV wall,
pericardium, left

pleura

surgical extraction epicardial Uneventful

Forleo, et al. (10) F 81 active fixation
PM lead

CapSureFix
MRI, medtronic

RV apex 7 months chest pain, left
hemithorax,

dyspnea,
hypotension

RV wall,
pericardium, left

pleura

surgical extraction RV septum Uneventful

Pojar, et al. (11) M 74 active fixation
PM lead

N/A RV apex 3 months cardiogenic
shock, left

hemothorax,
pericardial

effusion

RV wall,
pericardium, left

pleura

surgical extraction epicardial Uneventful

Iribarne, et al.
(2)

F 69 active fixation
PM lead

CapSureFix
5076-52,

medtronic

RV sptum 2 weeks none septum, LV wall surgical extraction epicardial Uneventful

Satomi, et al. (3) M 84 active fixation
PM lead

Select secure
3830-69,

medtronic

RV sptum 2 days syncope septum, LV wall surgical extraction RV septum Uneventful

Marazzato, et al.
(5)

F 78 active fixation
PM lead

Solia S 60,
biotronik

RV sptum 2 months chest pain,
syncope

septum, LV wall surgical extraction epicardial Uneventful

Our report M 92 active fixation
PM lead

Surescan
5076-58,

medtronic

RV apex 2 days chest pain,
syncope

septum, LV wall transvenous
extraction

RV septum Uneventful

M, male; F, female; ICD, implantable cardioverter defibrillator; LV, left ventricular; N/A, not available; PM, pacemaker; RV, right ventricular.
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4. Conclusion

The presence of unrelenting chest pain should consider
the possibility of a lead migration in the left hemithorax in
cases of suspected cardiac perforation. To assess whether the
pleural or LV free wall is involved, thoracic CT scans are
essential. With respect to lead extraction, transvenous lead
extraction with cardiac surgery backup can be feasible. In
addition, less traumatic passive-fixation leads or leadless PM
may be employed in these high-risk individuals with evidence of
non-revascularizable coronary atherosclerotic heart disease and
unequivocal need for PM/ICD implantation.
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has

been an alarming situation worldwide for the past 2 years. The symptoms of

coronavirus disease 2019 (COVID-19) are not only confined to the respiratory system

but also a�ect a multitude of organ systems. Bradycardia associated with Guillain-

Barré syndrome (GBS) is a rare autonomic and peripheral neurological complication

of COVID-19. In this case report, we present the case of a 26-year-oldman diagnosed

with bradycardia associatedwith GBS after contracting COVID-19. Initially, this patient

had the classical symptoms of COVID-19 and was hospitalized in the intensive

care unit (ICU) for acute respiratory distress syndrome (ARDS). Then, he developed

weakness in the lower extremities, diminished tendon reflexes, a loss of sensation

without sphincter muscle disorders, and bradycardia. His bradycardia did not respond

to atropine. The patient was treated concurrently with a high-flow nasal cannula,

systemic corticosteroids, anticoagulation, and therapeutic plasma exchange (TPE) for

COVID-19-induced ARDS, bradycardia, and GBS. His ARDS and bradycardia improved

after the first cycle of TPE and medical treatment. After three cycles of TPE, the

patient progressively recovered his muscle strength in the lower limbs and regained

peripheral sensation. He was discharged from the hospital in stable condition after

4 weeks of hospitalization and was followed up after 6 months for cardiorespiratory

and neurological complications. This case report elucidates the potential di�culties
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and challenges that physicians may encounter in diagnosing and treating COVID-19-

induced bradycardia and GBS during the pandemic outbreak. However, the patient

outcomes with the treatment combining the conventional treatment with therapeutic

plasma exchange seem to be optimistic.

KEYWORDS

SARS-CoV-2, COVID-19, bradycardia, Guillain-Barrée syndrome, therapeutic plasma

exchange

Introduction

The coronavirus disease 2019 (COVID-19) is caused by a

coronavirus called severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), which has affected more than 600 million people

worldwide. Severe COVID-19 infections have been significantly

reduced due to the global efficacy of vaccination campaigns. A few

days after contracting the virus, patients with COVID-19 commonly

present with a wide range of symptoms, ranging from mild to

severe. These symptoms include fever, cough, shortness of breath,

sore throat, nausea, vomiting, and/or diarrhea. However, patients

with advanced age or serious comorbidities remain at higher risk for

developing serious complications from COVID-19.

However, patients with COVID-19 could present at an

emergency department with diverse neurological symptoms,

including confusion, refractory headache, new onset of anosmia

and/or ageusia, and acute peripheral impairment. Although COVID-

19-induced inflammatory polyradiculoneuropathy or Guillain-Barré

syndrome (GBS) has been described previously (1–5), patients with

COVID-19 complicated by bradycardia-associated GBS remain a

rare cardio-neurological complication of COVID-19.

In this case report, we present the case of a young man

with bradycardia-associated GBS after contracting COVID-19-

induced acute respiratory distress syndrome (ARDS). The clinical

and laboratory features of this patient were appropriate for the

diagnosis of ARDS and bradycardia-associated GBS due to COVID-

19. Although the bradycardia did not respond to atropine testing

and the symptoms of GBS did not improve after the conventional

treatment for acute COVID-19, the patient was successfully stabilized

with a normal heart rate and stable cardiorespiratory status after

therapeutic plasma exchange (TPE) in combination with standard

treatment. This case suggests that TPE might be considered a

useful approach to treatment when used in combination with

conventional treatments for patients with severe cardiorespiratory

and neurological complications of COVID-19.

Case report

A 26-year-old man with a BMI of 34.6 kg/m2 was admitted

to the Medical Center of Binh Duong Province, Vietnam in the

middle of October 2021 because of fever, cough, vomiting, diarrhea,

and shortness of breath. His laboratory test for COVID-19 from

a nasal swab reverse transcription polymerase chain reaction (RT-

PCR) test was positive within the cycle threshold of 16. He was

previously in good health without any past medical history. He had

already received two doses of the inactivated COVID-19 vaccine, the

last of which he received 2 months before he was tested positive

without any side effects. After his admission to the medical center,

he was treated with oxygen therapy (12 L/min via Venturi mask),

intravenous corticosteroids (dexamethasone 8mg, two times a day),

and anticoagulation (heparin).

He was transferred to the intensive care unit (ICU) of the

COVID-19 Hospital of Phu Chanh, Binh Duong General Hospital

on day 5 of his admission due to severe dyspnea and pain in his

lower limbs associated with muscular weakness. At the time of his

ICU arrival, he was conscious; his blood pressure was 130/70 mmHg;

his heart rate was 75 beats/min; and his oxygen saturation (SpO2)

was 90% with 15 L/min of oxygen through a mask. The neurological

examination revealed the muscular weakness of the lower limbs with

a Medical Research Council (MRC) scale of 3 out of 5 (vs. 5 out

of 5 for the upper limbs), diminished sensation, and reflexes of the

lower limbs without sphincter muscle disorders (Table 1). He had no

neurogenic urinary or fecal incontinence.

The chest x-ray showed diffuse ground-glass opacity. Blood

analysis and biochemical laboratory tests confirmed increased

glucose, fibrinogen, ferritin, and lactate dehydrogenase (LDH) levels.

He had normal white blood cells, electrolyte parameters, and liver

and kidney functions. His cerebrospinal fluid (CSF) was clear and

colorless and without an elevation in white blood cells; the analysis of

the CSF demonstrated albuminocytologic dissociation. The result of

magnetic resonance imaging (MRI) of the spine was normal. COVID-

19-induced ARDS associated with Guillain-Barré syndrome was

diagnosed by hospital-qualified neurologists. Other diagnoses, such

as compressive myelopathy, transverse myelitis, or acute myelitis,

were excluded at that time.

The patient was treated with a high-flow nasal cannula (HFNC)

with a fraction of inspired oxygen (FiO2) of 60%, an oxygen flow rate

of 40 L/min, intravenous corticosteroids (dexamethasone: 8mg, two

times a day), anticoagulation (heparin), an intravenous antibiotic for

nosocomial pneumonia prevention (ceftazidime and levofloxacin),

and a subcutaneous insulin injection for hyperglycemia. The

neurological symptoms worsened in the next 2 days, with an

MRC scale of 1 out of 5 in the lower limbs and 2–3 out of

5 in the upper limbs, a decrease in the loss of superficial and

deep sensation, and a decrease in reflexes. He did not have

other autonomic symptoms such as blood pressure changes, bowel

malfunctions, or urinary abnormalities. However, the patient then

developed sinus bradycardia (40 beats/min), which did not respond

to intravenous atropine.

The patient was then treated with therapeutic plasma exchange

(TPE) after the decision was made by hospital experts. TPE was

done every 2 days with 5% human albumin replacement (4,700

ml/cycle). His bradycardia improved to a normal resting heart rate

(>55 beats/min) after the first TPE. He did not experience dyspnea

after 5 days of HFNC treatment with flow decreased from 40 to 15
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TABLE 1 Laboratory data of the reported patient.

Parameters Upon
admission
to ICU

After
day
14th

Institutional
normal
range

RT-PCR SARS-CoV-2 + Negative Negative

White blood cell (109/L) 8.4 11.1 4.0–11.0

Neutrophil (%) 74.11 66.89 45–75

Lymphocyte (%) 17.77 21.83 20–45

Platelet (109/L) 351 246 140–500

CRP (mg/dL) 3.07 0.42 <1.0

Lactate (mmol/L) 0.72 – 0.5–2.2

LDH (U/L) 405 306 <247

Ferritin (ng/mL) >1,500 347.4 23.9–336.2

Fibrinogen (g/L) 5.61 4.71 1.5–4.0

TP (%) 84 95 >70

APTT (s) 23.6 24.1 20–40

Arterial blood gas

pH 7.32 7.32 7.35–7.45

PaCO2 (mmHg) 25 43 35–45

HCO3
− (mmol/L) 12.9 22.2 18–23

Base Excess− (mmol/L) −11.2 −4 −2–+3

FiO2 (%) 95 21 21

PaO2 (mmHg) 156 62 80–100

A-aDO2 490 169 5–20

PaO2/FiO2 (ratio) 164 295 400–500

Sodium (mmol/L) 131 132 135–145

Potassium (mmol/L) 4.1 3.4 3.5–5.0

Calcium (mmol/L) 1.2 1.1 1.1–1.6

Magnesium (mmol/L) 1.05 0.74 0.73–1.06

Urea (mmol/L) 14.2 2.4 2.8–7.2

Creatinine (µmol/L) 77 52 72–127

eGFR-MDRD (mL/m/m2) 113 126 ≥ 60

HbA1c 12.5 6.2 < 5.7

AST (U/L) 34 22 0–50

ALT (U/L) 38 21 0–50

Glucose (mg/dL) 444 181 < 120

Total protein (g/L) 71 69 66–83

Albumin (g/L) 34 35 35–52

Cerebrospinal fluid

Cells 0 – 0

Protein (g/L) 0.32 – 0.15–0.45

Glucose (mmol/L) NA – NA

Lactate (mmol/L) 1.4 – 1.1–2.4

Pandy’s test negative – Negative

APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; CRP, C-reactive protein; LDH, lactate dehydrogenase; eGFR, estimated

glomerular filtration rate; FiO2 , fraction of inspired oxygen; MDRD, Modification of Diet in

Renal Disease; PaO2 , partial pressure of oxygen in arterial blood; PaCO2 , partial pressure of

carbon dioxide in arterial blood; RT-PCR, reverse transcription polymerase chain reaction;

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TP, prothrombin time.

L/min; he was then switched to a nasal cannula with 5 L/min, then

3 L/min, and finally stopped oxygen therapy on day 14 (Figure 1).

The neurological symptoms of the patient also improved after day 10

with the progressive recovery of skin sensation and muscle tone in all

four limbs evaluated by the MRC scale. The patient was discharged

after 4 weeks of hospitalization and followed up regularly every 3

months until now. He recovered to his baseline health status after 3

months and returned to work without any health sequelae 6 months

after discharge from the hospital. Currently, the patient is in good

health with an MRC scale of 5 out of 5 in the lower and upper limbs

and a normal resting heart rate. He has been seen regularly in the

Outpatients Medical Center of Binh Duong General Hospital every

2–3 months.

Discussion

In this case report, we present the case of a patient with severe

COVID-19 associated with ascending symmetrical limb weakness,

external sensation disturbances, absent deep tendon reflexes,

and bradycardia. Especially, the CSF showed albuminocytologic

dissociation, which supported the diagnosis of GBS in this

patient. Thus, clinical examination results and laboratory data were

appropriate for the diagnosis of severe COVID-19 complicated by

GBS associated with bradycardia.

Initially, the patient presented with acute polyneuropathy after

being diagnosed with COVID-19-induced pneumonia. Thus, the

diagnosis of GBS seemed to be more accurate. Other diagnoses were

eliminated, such as spinal cord compression from degenerative disc

disease, spinal cord infarction, and transverse myelitis. During his

illness, the patient had no neurogenic urinary, fecal incontinence,

or any history of spinal trauma; therefore, the possibility of spinal

cord compression was less likely. In addition, he did not experience

sudden and severe back pain accompanied by numbness and tingling

along the circumference of the spinal cord for diagnosing spinal

cord infarction. It was also less likely to be acute transverse myelitis

as the major motor findings of this condition are paraparesis or

quadriparesis. In addition, the result of the spinal MRI did not show

any abnormalities.

Our patient had bradycardia and his heart did not respond

to atropine testing. Therefore, severe COVID-19 complicated by

GBS associated with bradycardia was diagnosed by the local expert

committee of COVID-19 Phu Chanh Hospital. Indeed, following

one of the first cases of GBS-associated SARS-CoV-2 infection

reported by Zhao et al. in 2020, numerous cases have been published

during the COVID-19 pandemic (6–25). Arrhythmias were also

one of the significant complications of COVID-19 reported in the

world literature. In a recent study from Wuhan, China, cardiac

arrhythmias developed in 16.7% of hospitalized patients and 44.4%

of ICU patients with COVID-19 (26). In some case reports, patients

developed sinus bradycardia related to COVID-19 despite routine

echocardiography and cardiac biomarkers (27, 28).

Guillain-Barré syndrome and arrhythmias can develop after

immunization or the SARS-CoV-2 infection. According to the safety

committee of the European Medicine Agency, 108 cases of GBS

were reported worldwide among over 21 million people who had

received the vaccine as of 30 June 2021 (29). A 2021 study of Adverse

Events Reported From COVID-19 Vaccine Trials based on the WHO

database reported 4,863 cardiovascular adverse events, in which
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FIGURE 1

Symptoms, diagnosis, and treatment of a reported patient. ARDS, acute respiratory distress syndrome; HFNC, high-flow nasal cannula; TPE, therapeutic

plasma exchange.

tachycardia was 16.41% and bradycardia was 5.2% (30). Our patient

had his last vaccination dose 2months before contracting COVID-19.

Autonomic neuropathy is a severe consequence of GBS.

Overreactivity of vagal function, in particular, can cause major

cardiac problems ranging from bradycardia to asystole (31).

According to Mukerji et al., bradyarrhythmia can occur in up to

50% of patients with GBS (32). Cardiac arrhythmia was one of the

adverse side effects observed during plasmapheresis procedures (33–

35). Our patient recovered from sinus bradycardia after having the

first TPE without recurrences during his hospital stay in the ICU.

Therefore, this bradycardia could be considered a cardiac adverse

event associated with GBS as a complication of COVID-19.

In this case report, TPE was used in combination with

standard therapy, including oxygen therapy, anticoagulation, and

corticosteroids, to treat severe COVID-19 (Figure 1). This combined

treatment has demonstrated therapeutic effectiveness in our patient.

Especially, the patient is currently in good health without any

sequelae of GBS and post-COVID symptoms during his regular

follow-up at our medical center. Although TPE, a therapeutic

procedure used to eliminate antibodies and other potentially

detrimental factors from the bloodstream (36), was the treatment

option for patients with GBS before the COVID-19 pandemic, TPE

may be used in COVID-19-induced GBS associated with bradycardia.

In patients with severe COVID-19, TPE might be considered an

efficient therapy for reducing the risk of cytokine storm-induced

ARDS as it might reduce the inflammatory cytokines (including

IL-6) and acute phase proteins (ferritin and CRP). This could

help in improving tissue oxygenation and reducing the risk of

hypercoagulation and improve tissue oxygenation and especially fatal

cardiovascular events (37, 38).

Finally, the main limitation of this case report is the lack of

other specific tests, such as electrophysiologic analysis, to confirm

the diagnosis of GBS (39). It could not be performed on this patient

due to the overcrowding of the local hospitals during the 4th wave

of the COVID-19 pandemic in Vietnam (July–November 2021).

Especially, at that moment, the mentioned ICU department held 125

patients with severe COVID-19 per day and more than half of them

with mechanical ventilation, which induced the lack of medical staff

for doing some specific tests in patients with COVID-19. Another

possible limitation of this case report might be due to other potential

causes of bradycardia that could not be eliminated in the reported

patient (40–44).

Conclusion

COVID-19 remains a critical health problem worldwide.

Encouragingly, severe cases of COVID-19 have been significantly

reduced after implementing national and international COVID-

19 vaccination campaigns. This case report suggests that, in a

patient with severe COVID-19 complicated by GBS associated

with bradycardia, early treatment with therapeutic plasma exchange
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combined with standard therapy for COVID-19 may improve the

outcome of the patient.
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Background: Phrenic nerve stimulation is a well-recognized complication related

to cardiac implantable electronic devices, in particular with left ventricular

coronary sinus pacing leads for cardiac resynchronization therapy.

Case presentation: We report an unusual case of symptomatic phrenic nerve

stimulation due to inadvertent placement of a right ventricular defibrillation

lead in coronary sinus posterior branch in a patient with heart failure

with reduced ejection fraction with a recently implanted single-chamber

cardioverter defibrillator.

Discussion: Phrenic nerve stimulation is a relatively common complication of left

ventricular pacing. Inadvertent placement of a right ventricular lead in a coronary

sinus branch is a rare but possible cause of phrenic nerve stimulation. Careful

evaluation of intraprocedural fluoroscopic and electrocardiographic appearance

of pacing and defibrillation leads during implantation may prevent inadvertent

placement of a right ventricular lead in the coronary sinus.

KEYWORDS

phrenic nerve stimulation, cardiac implantable electronic devices, implantable
cardioverter defibrillator, cardiac resynchronization therapy, case report

Introduction

Phrenic nerve stimulation (PNS) may complicate up to 30% of cardiac implantable
electronic devices (CIEDs) implantation procedures, mainly cardiac resynchronization
therapy (CRT) with left ventricular pacing, due to the anatomic contiguity of phrenic nerve
to left ventricle lateral wall (1). Although its clinical relevance is limited to a minority of
cases, PNS may be responsible for significant symptoms with reduced quality of life and
CRT failure (2, 3). Here we report a case of highly symptomatic PNS after single-chamber
implantable cardioverter defibrillator (ICD) implantation in a patient with heart failure with
reduced ejection fraction (HFrEF).
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Case presentation

A 68-year-old Caucasian male was referred to our
Arrhythmology and Electrophysiology Unit for lead revision
of a single-chamber ICD implanted ten months earlier in another
center. Two months before ICD implantation, the patient was
hospitalized for symptomatic heart failure, NYHA class 3. A 12-
lead ECG showed atrial fibrillation (AF) with rapid ventricular
response. A transthoracic echocardiography (TTE) demonstrated
reduced left ventricular ejection fraction (LVEF, 30%) and severe
left atrial enlargement without significant valvular disease. An
invasive coronary angiography (ICA) showed multivessel coronary
artery disease (MVCAD) with a low Syntax score. Myocardial
revascularization with percutaneous coronary intervention (PCI)
and two drug-eluting stents (DES) implantation in the left anterior
descendent (LAD) coronary artery and the obtuse marginal branch
of the left circumflex was performed without complication. The

patient was discharged on heart failure and rate-control therapy
with a beta-blocker (bisoprolol 5 mg bid), an angiotensin receptor-
neprilysin inhibitor (ARNI, sacubitril/valsartan 49/51 mg bid), a
mineralocorticoid receptor antagonist (MRA), a loop diuretic, and
digoxin (0.125 mg qd). After two months, because of persistent
severe left ventricular systolic dysfunction, a single-chamber ICD
with a single-coil passive fixation lead was implanted for primary
prevention of sudden cardiac death (SCD). During subsequent
follow-up, the patient was referred to our center for symptomatic
PNS. At admission, the patient presented with mild dyspnea and
mild ankle swelling. Blood tests were in the range of normality
except for increased levels of N-terminal pro-B-type natriuretic
peptide (NT-proBNP, 1,230 pg/ml, nr <125 pg/ml). Device control
showed an excessive ventricular pacing percentage (about 15%)
although ICD programming in VVI mode with a lower rate
of 30 beats per minute, indicating phases of slow ventricular
response with the necessity of ventricular pacing. PNS at very
low energy output was also confirmed. Several symptomatic

FIGURE 1

(A) 12-lead ECG at admission showing AF with rapid ventricular response despite rate-control therapy. (B) 12-lead ECG showing phases of AF with
slow ventricular response with ventricular pacing at the lower rate (ICD in VVI 30). Note the morphology of the paced QRS with RBBB pattern,
superior axis with R pattern in aVR. AF, atrial fibrillation; ICD, implantable cardioverter defibrillator; RBBB, right bundle branch block.

Frontiers in Cardiovascular Medicine 02 frontiersin.org112

https://doi.org/10.3389/fcvm.2023.1088697
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-10-1088697 February 17, 2023 Time: 15:37 # 3

De Innocentiis et al. 10.3389/fcvm.2023.1088697

FIGURE 2

PA (A) and LL (B) chest x-ray of the patient showing inadvertent lead placement in the posterior branch of the coronary sinus. PA, posteroanterior;
LL, laterolateral.

FIGURE 3

(Superior row) PA (A), RAO 30◦ (B), and LAO 45◦ (C) fluoroscopic views of the previously implanted single chamber cardioverter defibrillator with a
single coil passive fixation defibrillation lead. (Inferior row) PA (D), RAO 30◦ (E), and LAO 45◦ (F) fluoroscopic views after lead extraction and the
reimplantation of a new single-coil active fixation defibrillation lead on the mid portion of the interventricular septum and a coronary sinus
quadripolar passive fixation lead for cardiac resynchronization therapy. PA, posteroanterior; RAO, right anterior oblique; LAO, left anterior oblique.

episodes of high ventricular rate (HVR) indicated an unsatisfactory
pharmacological rate-control despite maximum tolerated drug
dosage. Lead parameters were in the range of normality with
a normal trend, thus excluding lead failure due to fracture or
insulation defect. A 12-lead ECG showed AF with rapid ventricular
response and normal QRS duration (90 ms) (Figure 1A).
Unfortunately, a 12-lead ECG during ventricular pacing was
not recorded before admission, however it was obtained during
hospital stay from continuous ECG monitoring (Figure 1B). Paced
QRS morphology showed a right bundle branch block (RBBB)

pattern and superior axis. A chest X-ray (CXR) was obtained at
admission (Figure 2). CXR showed a single-coil passive fixation
defibrillation lead placed in coronary sinus posterior branch, thus
explaining occasional PNS. Interestingly, the patient previously
underwent two other CXR examinations but the incorrect lead
placement was not recognized. A TTE was repeated and reduced
LVEF without visualization of defibrillation lead in the right
ventricle, in the absence of pericardial effusion, was confirmed.
Lead explantation and CRT implantation for both high ventricular
pacing percentage and predictable subsequent atrioventricular
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TABLE 1 Timeline.

Date Event

12 months prior to admission HFrEF.

MVCAD treated with PCI.

AF with rapid ventricular response.

10 months prior to admission Single chamber ICD implantation for HFrEF and
rate-control therapy.

Symptomatic PNS during follow-up.

Day 1 admission Hospital admission for lead revision for
symptomatic PNS.

Radiographic and electrocardiographic evidence of
inadvertent lead placement in a coronary sinus
branch.

AF with both slow and rapid ventricular response.

Day 2 admission Lead explantation and CRT-D implantation for
both AF with slow ventricular response and
subsequent “ablate-and-pace” therapy.

Day 3 admission Hospital discharge with planned AVJ ablation for
“ablate-and-pace” therapy.

AF, atrial fibrillation; AVJ, atrioventricular junction; CRT-D, cardiac resynchronization
therapy-defibrillator; HFrEF, heart failure with reduced ejection fraction; ICD, implantable
cardioverter defibrillator; MVCAD, multivessel coronary artery disease; PNS, phrenic
nerve stimulation.

junction (AVJ) ablation for “ablate-and-pace” therapy were
planned, because of reported suboptimal rate-control in patient
history (alternance of slow and rapid ventricular response).
A venogram was performed in order to confirm subclavian vein
patency. A successful lead explantation with simple gentle traction
using a non-locking stylet was performed. At the same time,
we performed implantation of a CRT device with a single-coil
active fixation defibrillation lead placed in the mid-ventricular
septum, and a quadripolar passive fixation lead in coronary sinus
posterior branch (the only available, Figure 3). The LV quadripolar

lead was tested for PNS that was absent in pacing configurations
excluding distal electrode, with optimal pacing threshold. Bedside
echocardiographic examination ruled-out pericardial effusion.
The patient was discharged the day after the procedure, and AVJ
ablation was postponed after rate control evaluation at subsequent
follow-up (Table 1).

Discussion

Phrenic nerve stimulation is a potential CIEDs complication,
particularly in case of CRT with left ventricular pacing, due
to the anatomic contiguity of the phrenic nerve to the lateral
wall of the left ventricle. Direct diaphragmatic stimulation has
also been hypothesized for LV pacing leads. PNS was more
familiar with unipolar and bipolar coronary sinus leads due to
the limited number of pacing configurations with such leads (3,
4). Contemporary quadripolar leads have markedly improved PNS
management (5–8). However, in our patient, PNS was related to
single-chamber ICD, a less common event. PNS after non-CRT
devices implantation was previously reported following RVOT
pacing (9) and as a consequence of lead fracture in subclavian
crush syndrome (10). We excluded lead failure with fracture
or insulation defect because lead parameters were in the range
of normality. We excluded ventricular perforation for the same
reason and for the absence of pericardial effusion. Therefore,
we suspected inadvertent and erroneous lead malposition in a
coronary sinus branch, confirmed by CXR. The 12-lead ECG
obtained during hospital stay showed a RBBB with superior axis
morphology of the paced QRS complexes further corroborating
CXR findings (Figure 1B). The exact incidence of inadvertent
lead malposition during CIEDs implantation remain unknown and
is probably underestimated. A retrospective observational study
reported an estimated incidence of inadvertent lead malposition
of about 0.3% mainly due to endocardial left ventricular pacing

FIGURE 4

LAO 45◦ fluoroscopic views of the previously implanted single chamber cardioverter defibrillator (A) and the subsequently implanted biventricular
cardioverter defibrillator (B). Note that in A the defibrillation lead crosses the midline toward the left ventricle. LAO: left anterior oblique; RV, right
ventricle; IVS, interventricular septum; LV, left ventricle.
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through a patent foramen ovale (PFO), an atrial septal
defect (ASD), or inadvertent arterial cannulation (11).
A misplaced lead in a coronary sinus branch was the cause
of inadvertent lead malposition in only one patient in the
study cohort. Our case demonstrates the importance of
accurate intraprocedural fluoroscopic and electrocardiographic
evaluation of pacing and defibrillation leads during CIEDs
implantation, and the necessity of specific training of radiologists
in the evaluation of CIEDs related CXR. Anterior oblique
fluoroscopic views during CIEDs implantation, particularly
left anterior oblique (LAO) view, may prevent the inadvertent
placement of a right ventricular lead in the coronary sinus
(Figure 4).

Conclusion

The present case highlights the importance of early recognition
of inadvertent placement of a right ventricular lead in a coronary
sinus branch, mainly the middle cardiac vein or a posterior branch.

Such complication may be avoided with a careful
fluoroscopic and electrocardiographic procedural examination.
Both cardiologists and radiologists should be trained to interpret
CIEDs’ fluoroscopic appearance. Inadvertent placement of a
right ventricular lead in a coronary sinus branch should always
be considered in the case of PNS after single or dual chamber
pacemaker or ICD implantation.
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Case report: A case of perinodal
atrial tachycardia and review of
the relevant clinical anatomy
surrounding the retroaortic node
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Samuel J. Asirvatham1 and Christopher V. DeSimone1*
1Department of Cardiovascular Medicine, Mayo Clinic College of Medicine, Rochester, MN, United States,
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A 70-year-old female presented with incessant supraventricular tachycardia that
was refractory to metoprolol and sotalol. ECG revealed a narrow complex
tachycardia with a rate of 163 beats per minute with a short RP relationship. She
had salvos of atrial tachycardia which led to a severe reduction in ejection
fraction as noted on echocardiography and hemodynamic instability. An
electrophysiological study was performed, and findings suggested this to be an
atrial tachycardia with earliest activation in the perinodal area. Radiofrequency
ablation was carried out along the septum and associated structures to
surround this region including the right atrium, non-coronary sinus of Valsalva,
and the left atrium (anterior wall outside of the right superior pulmonary vein) to
isolate this area and surround the focus with ablation lesions. The patient has
done well post-procedure and continues to do well without any recurrence on
low-dose flecainide at 8 months.

KEYWORDS

perinodal atrial tachycardia, supraventricular tachycardia (SVT), retroaortic node, catheter

ablation, electrophysiology study

Introduction

Perinodal atrial tachycardias (ATs) make up a minority of supraventricular tachycardia

(SVT) cases and outcomes data on patients with this arrhythmia is limited to a few case

reports and case series. Furthermore, ablation in this area can be challenging due to

variations in atrial septal anatomy, difficulty with maintaining catheter contact, and

proximity to the conduction system. It is critical for the electrophysiologist to appreciate

the anatomy of the atrial septum and the potential arrhythmogenic role of the retroaortic

node (RAN) in tachycardias originating from and around this region.
Case presentation

A 70-year-old female presented to the emergency department with recalcitrant

palpitations and SVT. She noted a subacute onset of tachy-palpitations starting 2 months

prior with accelerated frequency over the preceding week. She failed therapy with

metoprolol and was admitted for sotalol loading given her symptoms. Her initial
Abbreviations

AT, Atrial tachycardia; AV, Atrioventricular; ms, milliseconds; SVT, Supraventricular tachycardia; bpm, beats
per minute; RAN, retroaortic node.
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FIGURE 1

Index electrocardiogram from patient’s presentation to the hospital showed narrow complex tachycardia with a short RP interval at a rate of 163 bpm. Star
denotes p waves in V1 and lead II.

Raina et al. 10.3389/fcvm.2023.1143409
electrocardiogram showed a regular and narrow complex

tachycardia with a rate of 163 bpm with a short RP relationship

(Figure 1). The p wave morphology is biphasic in lead V1 (−/+),
isoelectric in lead I, inferior directed axis, and narrower width

when compared to sinus rhythm suggesting an origin in the

atrial septum/perinodal region. The patient continued to have

paroxysms of SVT during the hospitalization (other

electrocardiograms and telemetry tracings shown in

Supplementary Figures S1A,B). Echocardiography showed a

preserved ejection fraction of 54% but a drastic decline in

ejection fraction during with salvos of SVT. Given her

symptoms, drop in ejection fraction during SVT, and failed drug

therapy, she was offered an electrophysiologic study and ablation

attempt.
Electrophysiologic study

Diagnostic catheters were placed in the high right atrium,

coronary sinus, the bundle of His, and the right ventricle. At

baseline, she had salvos of narrow complex tachycardia which

were poorly tolerated hemodynamically. Initially, the earliest

atrial signal appeared to be on the His catheter with an atrial

cycle length of 300 milliseconds (ms) with 1:1 conduction to the

ventricle. Changes in the atrial-atrial interval preceded and

dictated changes in the ventricular-ventricular interval; this

wobble in the atrial cycle length was suggestive of AT. Continued
Frontiers in Cardiovascular Medicine 02117
hemodynamic instability during tachycardia made further

diagnostic maneuvers difficult to execute. Fine mapping was

performed with a multi-polar catheter (OctaRay, Biosense

Webster, Irvine, California) to map the earliest atrial

electrograms. The earliest atrial signals were −27 ms ahead of the

surface p wave and appeared to be along the septum,

approximately 11:30 along the tricuspid annulus and around the

superior limbus which appeared thick on imaging (Figure 3A).

Using an irrigated catheter (ThermoCool SmartTouch,

Biosense Webster, Irvine, California), ablation was performed at

the earliest site (Figure 2A shows electrograms during

tachycarida, Supplementary Figure S2A shows same site during

sinus rhythm) using radiofrequency energy of 30–40 Watts with

30 cc/minute flow for 30–90 s per lesion. We noted almost

immediate suppression of the tachycardia with ablation

(Figure 3A shows catheter position during ablation with

intracardiac echocardiography; Supplementary Figure S3A

shows corresponding fluoroscopic position). We then performed

additional lesions around this region, in particular targeting the

muscle bundle opposing the non-coronary aortic sinus of

Valsalva and superior limbus. Despite extensive ablation around

this area, the tachycardia continued with a similar cycle length.

We then performedmapping of the opposite side of the septum in

the non-coronary sinus of Valsalva which was not particularly early.

We did position our catheter slightly higher in order to be adjacent

to the prior lesions from the right atrium and noted atrial

electrograms −17 ms ahead of the surface p wave (Figure 2B shows
frontiersin.org
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FIGURE 2

Representative electrocardiograms and intracardiac electrograms from electrophysiology study prior to ablation. (A) Tracings during tachycardia from
theright atrial septum. (B) Tracings during tachycardia from the non-coronary sinus of Valsalva. (C) Tracings during tachycardia from the left atrial septum.
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electrograms during tachycarida, Supplementary Figure S2B shows

same site during sinus rhythm). Radiofrequency lesions were

performed in this region at 30–40 Watts and 30 cc/min flow for 30–

60 s per lesion (Figure 3B and Supplementary Figure S3B shows

corresponding intracardiac echocardiography and fluoroscopic

position of ablation catheter). Despite this, the tachycardia persisted,

and we returned to the right atrium and performed additional

radiofrequency ablation lesions in the same location along the

septum as before. We noted transient suppression of tachycardia

but afterwards we noted recurrence. Despite the use of a long

sheath, some catheter movement was noted during ablation. To

achieve better stability, we exchanged the radiofrequency ablation

catheter for a cryoablation catheter (Medtronic CryoCath LP,

Pointe-Claire, Canada), and created several lesions (freeze-thaw-

freeze cycles to −80° Celsius for 3–4 min per lesion) along the

superior limbus region. Despite initial suppression, AT recurred

thereafter. This prompted transseptal access to map the left atrium.

Mapping of the atrial septum was performed which revealed earlier

(−29 ms relative to surface p wave) and fractionated signals near the
FIGURE 3

Intracardiac (ICE) echocardiography of ablation sites (arrow: ablation catheter, R
interatrial septum). *Images are placeholders for videos which are attached. (A) R
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left side of the superior limbus (Figure 2C shows electrograms

during tachycarida, Supplementary Figure S2C shows same site

during sinus rhythm) and close to the right superior pulmonary

vein along the roof (directly adjacent to the area where right atrial

ablation was performed). A series of ablation lesions were created

using radiofrequency energy at 30–35 Watts and 30 cc/min flow for

30–60 s per lesion (Figure 3C shows corresponding ablation

catheter position with intracardiac echocardiography;

Supplementary Figure S3C shows corresponding fluoroscopic

position). We noted temporary suppression and slowing of the

tachycardia.

Given the extensive ablations already performed, we elected to

end the procedure given the likelihood of automaticity from

extensive ablation in the perinodal area. Immediately post-

procedure she had salvos of SVT, prompting initiation of

flecainide, metoprolol, and amiodarone bolus/drip overnight to

allow the lesions and peri-ablation automaticity to settle. The

patient recovered well from the procedure without any

complications and was dismissed on flecainide and metoprolol.
A, right atrium; NC, non-coronary sinus of Valsalva; LA; atrial septum; IAS,
ight atrial septum. (B) Non-coronary sinus of Valsalva. (C) Left atrial septum.
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At her 3-month follow-up, she reported no further arrhythmia

episodes and was tolerating flecainide without any ill effects and

had reduced both flecainide and metoprolol dosing. At 8

months, she continues to do well without any recurrence and

was offered to stop medications, but she preferred to stay on low

doses given tolerance and improved symptoms as an added

safeguard.
Discussion

We present a unique case of a 70-year-old female with

recalcitrant SVT. The patient suffered from salvos of SVT which

although short lived were poorly tolerated hemodynamically.

Electrophysiologic study suggested perinodal AT to be the

mechanism and ablation was carried out from the right atrium,

non-coronary sinus of Valsalva, and the left atrium to

consolidate lesions in the area of interest.
Relevant anatomy and arrhythmogenic role
of the retroaortic node

The “true” atrial septum is limited to the floor of the fossa

ovalis and its immediate muscular rims which are confluent with

the apical portion of the triangle of Koch (1). This “true” or
FIGURE 4

Superior view of the retroaortic node (RAN) and neighboring structures. Star re
PB, penetrating bundle; RBB, right bundle branch; LBB, left bundle branch. Ad
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primum septum arises from the roof of the left side of the

atrium and overhangs but does not reach the endocardial

cushions. The roof of the right atrium then invaginates, resulting

in an inner layer of adipose tissue between the myocardial layers,

forming the septum secundum (2). After birth, left atrial pressure

increases and pushes the septum primum against the septum

secundum forming what we know clinically as the interatrial

septum (3). The interatrial septum can serve as a potential

arrhythmogenic focus for ATs and even facilitate tachycardias

with intraseptal re-entry and atrial fibrillation (3). An increase in

the thickness of the interatrial septum, often caused by fatty

infiltration or fibrosis, is thought to be related to increased

propensity for atrial arrhythmias (3, 4). Regardless, perinodal

ATs remain a relatively less common focus accounting for

7%–13% of AT cases across different cases series (5–8).

Despite some clinical and animal studies on arrhythmias

arising from the interatrial septum, little attention has been

placed on the arrhythmogenic role of the RAN, a large remnant

of the “atrioventricular (AV) ring” in the atrial septum. The AV

rings and RAN are thought to be remnants of the AV canal. The

RAN is composed of cardiomyocytes and is separated from the

AV node by the antero-superior rim of the fossa ovalis and from

the bundle of His by the membranous septum (9, 10). Its

location within the antero-superior interatrial wall means that it

does have potential continuity with the transitional cells of the

AV node but is distinct from the compact node itself (9) (Figure 4).
presents vantage points of ablation to the area. AVN, atrioventricular node;
apted from Yanni et al. (14).
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Electrophysiologic and molecular investigations of the RAN in

animal studies suggest similar gene expression and ion channels as

the compact AV node and point to its ability to serve as an ectopic

source of ATs (11). Small clinical studies corroborate this notion

with observations such as prompt termination of tachycardia

with intravenous adenosine before production of AV block. In

one such series of 43 patients, Bahora et al. (9) found all

tachycardias (35/35) which were tested were found to be

adenosine sensitive; the authors commented that this early

termination was suggestive that the arrhythmic focus consists of

node-like tissue but is distinct from the AV node itself. Clinical

reports also suggest that the RAN may not respond to stress

heating from radiofrequency ablation with automaticity (9, 12,

13). For ATs originating from this area, the right atrium offers a

reasonable approach for ablation, although sometimes lesions

need to be created from contiguous areas to “sandwich” the

arrhythmic focus. The anterosuperior border of the fossa ovalis is

marked by the non-coronary sinus of Valsalva and offers another

vantage point for the proceduralist to approach perinodal ATs,

including those tachycardias where the RAN may be implicated.

While approaches from the right atrium and non-coronary sinus

of Valsalva are well documented (12, 13), transeptal access and

ablation of the left atrial septum must be considered in some

patients where the septum is thicker, contact is not ideal, or

atrial electrograms are not as early from the non-coronary sinus

of Valsalva (Figure 4). In our case, ablation lesions were created

from all three vantage points.

We must acknowledge some limitations in our case. Early

termination of tachycardia in response to adenosine can be a

clue for perinodal ATs. Unfortunately, due to the short-lived

nature and hemodynamic instability of the tachycardia we were

not able to test the effect of adenosine on the tachycardia in

our patient. While cases of perinodal AT can be facile with

ablation and termination from the right atrium or non-

coronary sinus of Valsalva alone, we hope this report highlights

a difficult case where different vantage points and energy

sources had to be utilized. The use of unipolar recordings to

corroborate the site of ablation could also be considered but

was not done in our case. Lastly, the patient did have a short-

lived episode of SVT post-procedure but has done well since

suggesting durable lesion formation and the transient episode

to be likely peri-ablation automaticity.
Conclusion

Perinodal ATs are an infrequent cause of SVT, especially

with a robust decline in ejection fraction, and have unique

electrocardiographic characteristics. Understanding the anatomy

of the atrial septum and the potential arrhythmogenic role of the

retroaortic node is imperative for the electrophysiologist who

tackles these rhythms. A stepwise approach and ablation from

various vantage points should be considered in difficult perinodal

AT cases.
Frontiers in Cardiovascular Medicine 05120
Patient perspective

Before treatment, the patient reported abrupt onset of

symptoms with her tachycardia including palpitations, chest

discomfort, and presyncope. She had to endure 6 ermegency

room visits and two hospitalizations due to feeling extremely

unwell due to SVT. Even when the episodes were short lived and

self-terminated, she felt fatigued and out of energy for several

hours afterwards. Particularly, during frequent salvos of

tachycardia she felt unable to perform activities of daily living.

After ablation, she is thankful for not having any more

emergency room visits or even short runs of tachycardia at

home. She was offered elimination of flecainide use, though she

felt better keeping a low-dose as an added safeguard and tolerance.
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