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Case Report
RVOT ventricular tachycardia ablation in a patient
with atrial septal defect: a case report
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Abstract: PVCs originating in the RVOT are the most common form of idiopathic PVCs. However, numerous medical
reports have identified RVOT changes using cardiac MRI in patients with idiopathic PVCs. Therefore cardiac MRI is
an examination that has begun to be increasingly used for ablation procedures. We present the case of a patient
with high number PVCs and VT, originating in a dilated portion of RVOT. A 49-year-old male patient was referred
to our cardiology department for high-burden PVC. The ECG showed frequent PVCs with an LBBB morphology and
precordial transition in lead V5. Holter ECG showed > 30.000 PVC/24 hours (> 37%) with repeated episodes of nonsustained and sustained VT. Cardiac MRI excluded an ARVC, but identified a type ostium seccundum ASD with mild
dilation of the RV and RVOT. Electroanatomical mapping during PVC and VT showed earliest activation at the anterolateral RVOT region. Catheter ablation was performed using radiofrequency current applied with a 4 mm Navistar
Biosense catheter resulting in the complete disappearance of PVCs and VT episodes. At the 30 day follow-up, Holter
ECG showed no PVC. At the 12 month follow-up the patient remained asymptomatic, with no PVC at Holter ECG. Our
case report demonstrates that RVOT VT can associate with ASD. This association may be accidental, or due to the
presence of dilated RVOT.
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Introduction
PVCs are the most common arrhythmias found
in clinical practice. Those originating from the
RVOT are the most common idiopathic PVCs.
Catheter ablation is considered the most suitable approach to treat PVCs located in the
RVOT, with a high success rate and a low rate of
complications [1].
Atrial septal defect (ASD) is one of the most frequent forms of congenital heart disease.
Among different types of ASD, the most frequent is ostium seccundum. When ASD leads
to right heart chamber volume overload, the
structure and function of RVOT can also be
affected [2].

Several studies, using cardiac MRI in patients
with idiopathic RVOT-VT have shown structural
and functional changes of the RVOT in up to
70% of patients [3]. Markowitz et al. showed
that up to 9% of patients with idiopathic VT had
RV dilatation [4]. In patients with RV dilation,
Corrado et al. found that 15/23 had abnormal
voltage maps during electroanatomical mapping, and 8/23 had no abnormality during voltage mapping. They demonstrated that areas of
low voltage correlate with abnormal findings
such as: myocardial loss and fibrofatty replacement [5].
RVOT-VT may be associated with ASD by chance
or due to structural changes of the RVOT. We
present the case of a patient with atrial septal
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Figure 1. Non-sustained episode of ventricular tachycardia with the same morphology as the PVC: LBBB appearance
with inferior axis and precordial transition at V5.

defect and dilated RVOT with high-burden idiopathic PVCs. After we performed voltage map
and demonstrated lack of myocardial scarring,
we successfully treated PVCs and VT by catheter ablation.
Case report
A 49-year-old male patient was referred to our
cardiology department for high-burden PVC.
His only complaint was dyspnea that started 3
years earlier. Physical examination revealed
an overweight, hypertensive, and dyslipidemic
patient, under treatment with ACEI and statins.
He tried several antiarrhythmic drugs, all of
which proved to have an insignificant reduction
effect on the PVC burden. These drugs included: Metoprolol, Bisoprolol, and Propafenone.
The only effective antiarrhythmic drug was
Amiodarone which made his symptoms disappear; however, he interrupted the treatment
after 3 days after reading the possible sideeffects of the drug. Upon his arrival in our cardiology department the ECG showed frequent
PVCs with a LBBB morphology and precordial
transition in lead V5. He also presented with
repeated episodes of non-sustained ventricu-
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lar tachycardia with the same morphology as
the PVCs. The Holter ECG showed > 30.000
PVC/24 hours (> 37%) with repeated episodes
of NSVT or sustained VT (Figures 1-3). The
echocardiogram showed a mild increase in RA
and RV diameters, with grade 2 tricuspid regurgitation and ostium secundum ASD. The
ASD size was 12 mm determined from the apical 4 chamber view and the subcostal view
at end-systole. The tricuspid regurgitation flow
was measured in order to estimate the systolic
pressure in the pulmonary artery. The estimated PASP (pulmonary artery systolic pressure)
was 43 mmHg. RVOT proximal diameter was
increased to 41 mm from the parasternal short-axis view during end-diastole (Figure 4).
A cardiac MRI was performed in order to evaluate the RV and RVOT function, as well as tissue
changes (Figure 5).
The cardiac MRI revealed an overall expansion
of the right ventricle and RVOT, without signs
of aneurysm. The T1-weighted images and the
delayed myocardial enhancment MRI, excluded
the presence of myocardial fat, and scarred
areas.
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Figure 2. Holter ECG showed more than 33.000 PVCs/24 hours with a high-burden of > 37%/day.

Overall cardiac MRI excluded an ARVC, but
identified a type ostium secundum ASD, with
mild dilation of the right cavities. In coronography, the presence of coronary stenosis was
excluded. Due to the high-burden PVCs, catheter ablation was proposed to the patient.
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The patient underwent an electrophysiological
study using 3 catheters: a bipolar lead introduced at the level of the RV apex, a quadripolar diagnostic catheter introduced inside the
coronary sinus and a 4 mm Bionsense Webster Navistar catheter introduced at the level of
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Figure 3. Holter ECG: Episode of sustained ventricular tachycardia with the same morphology as the PVC. The duration of the episode was longer than 30 seconds and the patient felt dizziness.
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Figure 4. Transthoracic echocardiography: the left cavities are normal, non-dilated, but the right cavities are dilated
with moderate tricuspid regurgitation.

Discussion
The association between RVOT-VT and ASD can be accidental or it may be a causal relationship; namely the dilation of
the right ventricle and RVOT
induces RVOT-VT. At the level of
RVOT, there are circumferential
muscle fibers that produce a
radial contraction during ventricular systole. RVOT is less
susceptible to regional abnormalities than other RV regions;
such as the apex, inflow tract,
or lateral wall [6]. However, right heart volume overload in
patients with ostium secundum ASD is associated with structural and functional changes of the RVOT. Koestenberger, et al. [7] demonstrated an
increase in RVOT diameter in
Figure 5. Cardiac MRI shows an ostium seccundum atrial septal defect with
children with ostium secundum
mild dilation of the right atrium and right ventricle.
ASD, compared to healthy children. RVOT regions affected by
RVOT. The EP study was carried out using the
fibrosis can be identified either by cardiac MRI
or by measuring the local voltage during elecCarto 3 electroanatomical three-dimensional
troanatomical mapping. In the series of Carlmapping system (Biosense Webster). Voltage
son et al. [8] cardiac MRI revealed structural
map detected healthy RV and RVOT without
and functional changes of the right ventricle in
areas of scarring. Subsequently, the activation
22 of 24 patients with RVOT-VT (95%); especimap “during PVCs” revealed the most early
ally focal areas of decreased systolic thicken“zone” at the antero-lateral RVOT level, with the
ing of the RVOT walls. Our patient had RVOT dialocal potential preceding the onset of QRS by
lation, but did not have areas of fibrosis neither
30 ms (Figures 6, 7). The pacemap in the area
on MRI nor during electroanatomical mapping.
of the earliest signal showed a 97% concordance with the patient’s clinical PVC. The ablaIt is postulated that idiopathic arrhythmias
tion was performed using radiofrequency curfrom RVOT [9], occur in patients without strucrent, applied with the 4 mm Navistar Biosense
tural cardiac involvement. Among these arrhycatheter, resulting in the complete disappearthmias are: RVOT-PVCs, monomorphic VT, and
ance of the extrasystoles and VT episodes. At
repetitive monomorphic tachycardia. These all
the end of EP study the patient had no PVCs.
have similar ECG features that suggest the oriDuring 24 hours of monitoring in the ICU, the
gin under the pulmonic valve. The mechanism
patient did not have PVCs. At the thirty days
of RVOT-VT is catecholamine-mediated delayed
follow-up, the patient was monitored for 24
after-depolarizations [10]. This triggered actihours, using a Holter ECG, which showed no
vity depends on the stimulation of cAMP, whiPVC (Figure 8). At the 12 month follow-up, the
ch leads to increased intracellular calcium. The
patient remained asymptomatic, with no PVC
triggered activity mechanism is supported by
at Holter ECG. Repeated ECG and Stress Tests
the difficult induction of RVOT-VT with profound no PVC during rest or during effort.
grammed ventricular stimulation, by the facili-
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Figure 6. Electronatomical mapping during RVOT PVC shows earliest activation at the antero-lateral region of the
RVOT. The earliest region is white, ant the latest is green. Green dots were spots where RF application was effective
in stopping ventricular tachycardia and PVCs.
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Figure 7. Local electrogram at the site of earliest activation. Abl d = bipolar signal of the distal bipole of the ablation
catheter, Abl uni-unipolar signal of the ablation catheter. Local electrical activity is 30 ms earlier than QR onset and
the unipolar signal shows QS pattern.

Figure 8. Holter ECG before the discharge of the patient shows 6 PVCs, none of which present the same morphology
as the clinical PVC which was ablated.

tating effect of isoproterenol on VT induction,
and by the cycle-length dependence of VT [11].
In contrast with other types of ventricular tachycardia, RVOT-VT is not treated by ICD implantation, but with drugs, or by catheter ablation- in
the case that the drugs prove inefficent. These
arrhythmias have focal origin and can be ablated by focal applications [12-14].
Over the past 20 years, numerous medical
reports have identified RVOT changes using
cardiac MRI in patients with idiopathic TV. Cardiac MRI is an examination that has begun to
be increasingly used for ablation procedures,
not only for complex, but also for the simplest
ones [15, 16]. It is used in patients with RVOTPVC to differentiate patients with a “normal
heart” from patients with structural impairment
of the RV and RVOT, such as: arrhythmogenic
RV cardiomyopathy, sarcoidosis, or other disorders of the RV structure and function [17].
Cardiac MRI with gadolinium injection can pro-
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vide a global picture of RVOT anatomical and
functional changes; such as RVOT dilation, fatty
infiltration, subtle changes in parietal kinetics,
or limited scar.
ASD is the most common congenital heart disease with a left-to-right shunt. The clinical symptoms and the age at which these symptoms
occur are highly variable. The most common symptoms are dyspnea on exertion and fatigue.
There are three major types of ASD: ostium primum, ostium secundum, and type sinus venosus. The most common type is ASD secundum,
which is located in the middle of the atrial septum at the level of fossa ovalis [18]. Cardiac
MRI helps to define the cardiac anatomy, to calculate the ventricular diameter and volumes,
and to estimate the shunt volume. If this ratio
exceeds 1.5:1, surgical or interventional treatment of ASD is indicated. The most common
arrhythmia found in patients with type ostium
seccundum ASD is macroreentry in the right
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atrium. For non-operated ASD, the most frequent reentrant arrhythmia remains the cavotricuspid isthmus dependent atrial flutter [19,
20]. A study of 218 patients with ASD showed
that the most common arrhythmias found in
this category of patients are: atrial flutter, atrial fibrillation, or combination of the two [21].
However, other arrhythmias such as PVCs may
be present accidentally or due to structural
changes of RV or RVOT.
In conclusion, our report demonstrates that
RVOT VT can associate with ASD. This association may be due to the presence of dilated
RVOT, without myocardial scarring in voltage
mapping.

[6]

[7]

[8]

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Gabriel Cismaru,
5th Department of Internal Medicine, CardiologyRehabilitation, “Iuliu Hatieganu” University of Medicine and Pharmacy, Rehabilitation Hospital, Viilor
46-50 Street, Rom 102, Cluj-Napoca, Romania.
Tel: 0040-264-207-021; Fax: 0040-264-453-131;
E-mail: gabi_cismaru@yahoo.com
References
[1]
[2]

[3]

[4]

[5]

Lerman BB. Mechanism, diagnosis, and treatment of outflow tract tachycardia. Nat Rev
Cardiol 2015; 12: 597-608.
Koestenberger M, Nagel B, Ravekes W, Avian
A, Burmas A, Grangi G, Cvim G and Gamillscheg
A. Right ventricular outflow tract velocity time
integral determination in 570 healthy children
and in 52 pediatric atrial septal defect patients. Pediatr Cardiol 2015; 36: 1129-1134.
Merino JL, Jiménez-Borreguero J, Peinado R,
Merino SV and Sobrino JA. Unipolar mapping
and magnetic resonance imaging of “idiopathic” right ventricular outflow tract ectopy. J
Cardiovasc Electrophysiol 1998; 9: 84-87.
Markowitz SM, Weinsaft JW, Waldman L,
Petashnick M, Liu CF, Cheung JW, Thomas G,
IP JE and Lerman BB. Reappraisal of cardiac
magnetic resonance imaging in idiopathic outflow tract arrhythmias. J Cardiovasc Electrophysiol 2014; 25: 1328-35.
Corrado D, Basso C, Leoni L, Tokajuk B, Bauce
B, Frigo G, Tarantini G, Napodano M, Turrini P,
Ramondo A, Daliento L, Nava A, Buja G, Iliceto
S and Thiene G. Three-dimensional electroanatomic voltage mapping increases accuracy of
diagnosing arrhythmogenic right ventricular

8125

[9]

[10]

[11]

[12]

[13]

[14]

[15]

cardiomyopathy/dysplasia. Circulation 2005;
111: 3042-3050.
Haddad F, Hunt SA, Rosenthal DN and Murphy
DJ. Right ventricular function in cardiovascular
disease, part I: anatomy, physiology, ageing,
and functional assessment of the right ventricle. Circulation 2008; 117: 1436-1448.
Koestenberger M, Ravkes W, Avian A, Burmas
A, Raith W, Cvirn G, Grillistch M and
Gammilscheg A. Right ventricular outflow tract
(RVOT) changes in children with an atrial septal defect: focus on RVOT velocity time integral,
RVOT diameter, and RVOT systolic excursion.
Echocardiography 2016; 33: 1389-1396.
Carlson MD , White RD, Trohman RG, Adler LP,
Biblo LA, Merkatz KA and Waldo AL. Right ventricular outflow tract ventricular tachycardia:
detection of previously unrecognized anatomic
abnormalities using cine magnetic resonance
imaging. J Am Coll Cardiol 1994; 24: 720-727.
Puie P, Cismaru G, Muresan L, Rosu R, Puiu M,
Andronache M, Gusetu G, Matuz R, Mircea PA,
Pop D and Zdrenghea D. Insights into the
mechanism of idiopathic left ventricular tachycardia: a case report and literature review. Eur
J Med Res 2015; 20: 77-84.
Lerman BB, Belardinelli L, West GA, Berne RM
and DiMarco JP. Adenosine-sensitive ventricular tachycardia: evidence suggesting cyclic
AMP-mediated triggered activity. Circulation
1986; 74: 270-280.
Markowitz SM, Litvak BL, Ramirez de Arellano
EA, Markisz JA, Stein KM and Lerman BB.
Adenosine-sensitive ventricular tachycardia:
right ventricular abnormalities delineated by
magnetic resonance imaging. Circulation
1997; 96: 1992-2000.
Muresan L, Cismaru G, Martins RP, Bataglia A,
Rosu R, Puiu M, Gusetu G, Mada RO, Muresan
C, Ispas DR, Le Bouar R, Diene LL, Rugina E,
Levy J, Klein C, Sellal JM, Poull IM, Laurent G
and de Chillou C. Recommendations for the
use of electrophysiological study: update
2018. Hellenic J Cardiol 2019; 60: 82-100.
Rosu R, Gabriel C, Muresan L, Puiu M,
Andronache M, Gusetu G, Pop D, Mircea PA
and Zdrenghea D. Catheter ablation of ventricular tachycardia related to a septo-apical left
ventricular aneurysm. Int J Clin Exp Med 2015;
8: 19576-19580.
Cismaru G, Mester P, Muresan L, Rosu R,
Gusetu G, Puiu M, Pop D, Mircea PA and
Zdrenghea D. Idiopathic ventricular premature
contractions originating from the postero-lateral tricuspid annulus leading to left ventricular
dysfunction. Int J Clin Exp Med 2015; 8: 46904693.
Ferreira VM, Piechnik SK, Robson MD, Neubauer S and Karamitsos TD. Myocardial tissue

Int J Clin Exp Med 2020;13(10):8118-8126

RVOT tachycardia and atrial septal defect
characterization by magnetic resonance imaging: novel applications of T1 and T2 mapping. J
Thorac Imaging 2014; 29: 147-154.
[16] Karamitsos TD and Neubauer S. The prognostic value of late gadolinium enhancement CMR
in nonischemic cardiomyopathies. Curr Cardiol
Rep 2013; 15: 326-333.
[17] Atreya AR, Patel M, Sivalingam SK and
Stoenescu ML. Isolated cardiac sarcoidosis
masquerading as right ventricular outflow tract
ventricular tachycardia. BMJ Case Rep 2017;
2017: bcr2017220604.
[18] Kuijpers JM, Mulder BJ and Bouma BJ.
Secundum atrial septal defect in adults: a
practical review and recent developments.
Neth Heart J 2015; 23: 205-11.

8126

[19] Delacretaz E, Ganz LI, Soejima K, Friedman PL,
Walsh EP, Treidman JK, Sloss LJ, Lanzdberg MJ
and Stevenson WG. Multi atrial maco-re-entry
circuits in adults with repaired congenital
heart disease: entrainment mapping combined with three-dimensional electroanatomic
mapping. J Am Coll Cardiol 2001; 37: 16651676.
[20] Shah D, Jais P, Takahashi A, Hocini M, Peng JT,
Clementy J and Haissaguerre M. Dual-loop intra-atrial reentry in humans. Circulation 2000;
101: 631-639.
[21] Gatzoulis MA, Freeman MA, Siu SC, Webb GD
and Harris L. Atrial arrhythmia after surgical
closure of atrial septal defects in adults. N Engl
J Med 1999; 340: 839-846.

Int J Clin Exp Med 2020;13(10):8118-8126

