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Abstract

A 51 male, affected by Tetralogy of Fallot, underwent a left Blalock-Taussig anastomosis at the age of two years and an aorto - right
pulmonary artery tube graft when 8 years old. Complete surgical correction was performed at age 21 with closure of the ventricular septal
defect and a large patch over the right outflow tract, shunts were discontinued. Then it was well up to 51 years old when he began to suffer
shortness of breath with minimal exertion. with ECG evidence of supraventricular tachycardia. Suggestive signs of a typical atrial flutter led
to early electrophysiological assesment and successful cavo-tricuspid isthmus ablation was successfully performed. Echocardiographic and
magnetic resonance imaging and ergospirometry provided complete informations on anatomic and hemodynamic conditions but no other

interventional procedure was necessary.

Introduction

Tetralogy of Fallot (ToF) is the result of anterior malalignment
of the conal septum during embryological development. It is the
most common cyanotic congenital heart defect, with an incidence
rate of 32.6 per 100,000 live births.! Complete surgical repair has
successfully been performed since 19542, but long-term outcome
may be complicated by atrial and ventricular arrhythmias.’*
Patients over 50 years are rare and a very long term follow up has yet
to be written. Conduction and rhythm abnormalities are associated
with morbidity and increased mortality® Atrial tachyarrhythmias
(AT) such as atrial flutter or fibrillation are seen with increasing
frequency beginning from the third decade of life.® We hereby
describe a rare case of very long term follow up complicated by atrial
flutter successfully treated with radiofrequency ablation.

Case Presentation

A 51-year-old male affected by an operated Tetralogy of Fallot
was admitted to our Cardiological department for dyspnea on
effort. When two year-old he underwent a Blalock-Taussig (BT)
anastomosis as a palliation. He did relatively well until the age of 8
when he started having progressive symptoms with cyanotic spells
for which reason, in right thoracotomy, a second shunt between
ascending aorta and right pulmonary artery with a 7 mm tube
graft was performed after which he did relatively well. At age 21 he
manifested signs of increased cyanosis, marked limitation of activity
and headache. He underwent cardiac catheterization whose findings
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were consistent with severe pulmonary stenosis, closed left BT shunt
and poorly functioning aorto pulmonary shunt. Surgical correction
was performed at the Texas Heart Institute, Houston, with closure of
the ventricular septal defect and a large patch over the right outflow
tract, which was found patent at surgery, the aorto pulmonary shunt
was discontinued. No arrhythmias were present in the perioperative
period.

The patient did relatively well until 51 years old when he
developed progressively worsening dyspnea and was admitted in
our Cardiological Department with the diagnosis supraventricular
arrhythmia. The transthoracic echocardiogram showed a severely
dilated right ventricle with the proximal outflow tract end-diastolic
diameter 64 mm from the parasternal long axis view, the basal end-
diastolic right ventricle diameter from the 4 chamber view was 63
mm, the left atrial are was 30 cmq and the right atrial area 34 cmgq.
'The right ventricular free wall thickness was increased (6 mm) and
the contractility moderately depressed with a fractional area change
of 30% and a TAPSE (Tricuspid Annulus Systolic Excursion) of
16 mm. Tricuspid annulus S wave velocity was 10 cm/sec. The right
ventricular outflow tract (RVOT) was not obstructed, the pulmonary
valve insufficiency was moderate. A mild tricuspid insufficiency was
present and the estimated ventricular systolic pressure was 38 mmhg.
No residual ventricular patch shunt was present. The left ventricle
ejection fraction was 54%. A transesophageal echocardiogram
excluded auricular thrombosis.

12 lead ECG showed regular atrial arrhythmia at 105 bpm with a
right bundle branch QRS morphology, regular atrial activation with
inverted saw-tooth F-wave pattern in inferior ECG leads II, III,
and aVF with low amplitude biphasic I waves in leads I and aVL,
and upright F wave in precordial lead V1 and inverted F wave in

lead V6 (Figure 1). These features suggested an isthmus dependent
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Surface 12 lead electrocardiogram.

Lateral, Augmented and Precordial leads shows atrial flutter with
HEOICIE right bundle branch block morphology. F waves have saw-tooth
pattern in inferior leads, flat aspect in | and aVL, and upright F
pattern in V1 suggesting a typical atrial flutter.

atrial flutter, therefore an electrophysiological study was performed
during ongoing arrhythmia. A decapolar deflectable mapping
catheter was advanced into the coronary sinus showing proximal-
to-distal activation with 2:1 atrial-ventricular conduction. Measured
cycle was 286 msec. Ablator Catheter (Navistar DS 8 mm Biosense
Webster, Diamond Bar, CA) was introduced in the right atrium and
electro-anatomic map of the chamber was reconstructed using 3D
computerized activation system (CARTO system Biosense Webster,
Diamond Bar, CA). The activation and propagation maps showed
counterclockwise activation pattern around the tricuspid valve with
the typical aspect of early-meets-late at the cavo-tricuspid isthmus
(Figure 3, Video 2). Pacing from the CTI demonstrated concealed
entrainment thus confirming diagnosis of typical isthmus-dependent
atrial flutter.

Application of radiofrequency (RF) (50 Watt, 65°) in the isthmus
area (6 oclock) determined arrhythmia interruption after 60 sec
(Figure 4). Persistency of bidirectional conduction was verified.
Detailed mapping of the ablation line was repeated identifying local
conduction breakthroughs. Two selective applications of RF (320 sec
each one) at these points led to complete and definite interruption
of isthmus conduction (Figure 5). Results persisted after 20 minutes.
The procedure terminated successful without acute complications.
The ecg showed a sinus rhythm with atrio-ventricular first degree
block, right ventricular hypertrophy and right bundle branch block
with a QRS duration 180 ms.

Once in sinus rhythm, a cardiac magnetic resonance (CMR)
and an ergospirometric evaluation was performed according to
guidelines7-8. CMR showed an enlarged left ventricular volume: 83
ml/mq with mildly reduced ejection fraction: 50 %; dilated aortic root:
45 x 38 mm,; right ventricular volume:133 ml/mq (z-value 3,3) with
reduced ejection fraction: 37 %. The pulmonary infundibulum was
dyskinetic due the presence of large patch but without significative
delayed enhancement (Figure 2 Panel C). The pulmonary valve was
present with moderate insufficiency and the regurgitant fraction was
31% (Video 1).

The ergospirometric study was interrupted after 13.2 minutes at
the workload of 125 Watts due to dyspnea (Borg 4) but without
arrhythmias. Peak O2 consumption was 73 % of the maximal predicted

Cardiac magnetic resonance.

Panel A: steady state free precession still image, four chamber
view shows the dilated right atrium and ventricle and the
interventricular patch (arrow).

Panel B: steady state free precession still image, right ventricle
2 chamber view shows the inflow and outflow tract with the
aneurismatic patch (arrow).

Panel C: T1 weighted post-gadolinium sequence shows absence
of significative enhancement in the right ventricular outflow tract
(arrow).

value: peak O2/Kg 22.9 mlL/kg/min, VE/VCO2 slope.> VO2/
work, slope pari a 11, Peak Respiratory Exchange Ratio (RER).™"
The anaerobic threshold was achieved at 44 % of the maximal
predicted O2 consumption (59 % of the peak O2 consumption). No
desaturation was present during the test.

After the ablation procedure the patient has been well without

Figure 2;
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Left Anterior Oblique (LAO) view of three-dimensional electro-
anatomic map (CARTO, Biosense Webster, Diamond Bar, CA).
During ongoing arrhythmia with atrial cycle of 286 msec the map
shows a typical counterclockwise activation pattern around the
tricuspid annulus which is based on a color scheme indicating
activation time from orange (early) to purple (late). The two colors
ENICECH are closed in the region of isthmus (early-meets-late) were red
dots indicate ablation line. The right side of the figure shows
intracardiac recording signals from coronary sinus catheter (CS
1,2) and ablator (Abld) and surface activation from I lead. Ablator,
positioned in the isthmus region ablator displays two activation
potentials respectively at the beginning and at the end of the cycle,
atrial activation on the CS catheter is approximately mid-diastolic.

significant limitations to his physical activity and no arrhythmia
recurrence.

Discussion

In ToF surgical relief of the RVOT obstruction involves
infundibulotomy, resection of obstructive muscle bundles and the use
of a patch to enlarge the pathway from the right ventricle to the
pulmonary arteries. These procedures result in scar tissue and akinetic
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Arrhythmia interruption during radiofrequency application.
Endocardial electrocardiogram from the ablator (ABLd , ABLp) and
coronary sinus catheter (CS 3,4 CS 1,2). Surface activation from
precordial leads (V1 and V6). 12th ventricular activation is in sinus
rhythm. Real time cardioversion of atrial flutter happened 60 sec
after initiation of radiofrequency applications.

Figure 4
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Confirmation of isthmus block after radiofrequency ablation.
Surface electrocardiograms from lll, aVR, Il endocardial
electrogram from the Ablator (ABLd, ABLp) and coronary sinus (CS
1,2). Activation on the ablator catheter lateral to the ablation line
happens 134 msec after pacing stimulus from coronary sinus (S1),
thus confirming a conduction block. Similar results were obtained
with pacing stimulus from the ablator with activation signals
sampled on the coronary sinus, thus showing bilateral conduction
block

RVOT free wall, which can become aneurysmatic, and pulmonary
valve insufficiency. Other abnormalities that may be found in
patients with repaired ToF are branch PA stenosis, residual atrial
or ventricular septal defect, tricuspid regurgitation, right ventricular
dilatation and dysfunction, aortic dilatation, aortic regurgitation, and
left ventricular dysfunction. Corrective surgery requires ventricular
and atrial incisions, therefore incisional reentrant tachycardias may
develop, but the majority of AT are right atrial macro-reentrant
tachycardias, most often involving the cavo-tricuspid isthmus9.
Whatever the underlying electrophysiological mechanism, AT in
TOF patients have a significative impact on clinical outcome and are
associated with congestive heart failure, stroke, and death.** Even in
a such distorted anatomy as in ToF | classic ECG signs of isthmus-
dependentatrial flutter can lead to perform earlier electrophysiological
evaluation to treat and rapidly solve the arrhythmia, due to its high
therapeutical success (98%).

Conclusions

Development of atrial tachyarrhythmias in repaired ToF patients
causes a severe worsening of the hemodynamic state and clinical
outcome. This case report underlines the usefulness of an early
invasive approach as effective and rapid curative treatment when
the arrhythmia has typical signs of isthmus-dependent of atrial
flutter which is an easy to ablate arrhythmia. After stabilization of
hemodynamic compromise it highlights and the need of a complete

evaluation of the post-operative anatomical and functional status.

References

1. Hoffman JI, Kaplan S. The incidence of congenital heart disease. ] Am Coll
Cardiol 2002;39:1890-900.

2. Lillehei CW, Cohen M, Warden HE, Read RC, Aust JB, Dewall RA et al. Direct
vision intracardiac surgical correction of the tetralogy of Fallot, pentalogy of
Fallot, and pulmonary atresia defects; report of first ten cases. Ann Surg 1955;
142:418-42.

3. Gatzoulis MA, Balaji S, Webber SA, Siu SC, Hokanson JS, Poile C et al. Risk

factors for arrhythmia and sudden cardiac death late after repair of tetralogy of

www jafib.com Aug-Sep 20151 Volume 81 Issue 2




20 Journal of Atrial Fibrillation Case Report

Fallot: a multicentre study. Lancet 2000;356:975-81.

4. Harrison DA, Siu SC, Hussain F, MacLoghlin CJ, Webb GD, Harris L. Sustained
atrial arrhythmias in adults late after repair of tetralogy of Fallot. Am ] Cardiol
2001;87:584-8.

5. Le Gloan L, Guerin P, Mercier LA, Abbey S, Dore A, Marcotte F, et al. Clinical
assessment of arrhythmias in tetralogy of Fallot. Expert Rev Cardiovasc Ther
2010;8:189-97.

6. Khairy P, Aboulhosn J, Gurvitz MZ, Opotowsky AR, Mongeon FP, Kay ], et al.
Arrhythmia burden in adults with surgically repaired tetralogy of Fallot: a multi-
institutional study. Circulation 2010;122:868-75.

7. Baumgartner H, Bonhoeffer P, De Groot NMS, de Haan F, Deanfield JE, Galie
N, Gatzoulis MA, Gohlke-Baerwolf C, Kaemmerer H, Kilner P, Meijboom F,
Mulder BJM, Oechslin E, Oliver JM, Serraf A, Szatmari A, Thaulow E, Vouhe
PR, Walma E. The Task Force on the Management of Grown-up Congenital
Heart Disease of the European Society of Cardiology (ESC). Endorsed by the
Association for European Paediatric Cardiology (AEPC) ESC Guidelines for the
management of grown-up congenital heart disease. Eur H J 2010: 31,2915-2957.

8. Anne Marie Valente AM, Cook S, Festa P, Ko HH, Krishnamurthy R, Taylor
AM, Warnes CA, Kreutzer J, Geva T. Multimodality Imaging Guidelines
for Patients with Repaired Tetralogy of Fallot: A Report from the American

Society of Echocardiography Developed in Collaboration with the Society for
Cardiovascular Magnetic Resonance and the Society for Pediatric Radiology. ]
Am Soc Echocardiogr 2014;27:111-41.

9. De Groot N, Lukac P, Schalij MJ, Makowski K, Szili-Torok T, Jordaens L,
Nielsen JC, Jensen HK, Gerdes JC, Delacretaz E.Long-term outcome of ablative
therapy of post-operative atrial tachyarrhythmias in patients with tetralogy of
Fallot: a European multi-centre study. Europace 2012;14:522-527.

www jafib.com Aug-Sep 20151 Volume 8| Issue 2




