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Unusual or unexpected effect of treatment

Tetralogy of Fallot (ToF) is the most common form of cyanotic congenital defect. Adult subjects with results of
repair of tetralogy of Fallot may present post-surgical consequences that limit their physical capacity and thus
their ability to compete in sports. Conversely, adults with excellent repair of congenital heart disease may have
a chance to participate in competitive sports.

This case report illustrates the clinical course of a teenager with an outcome of surgical repair for TOF and dem-
onstrates the boy’s excellent physical capacity that ensures his ability to play soccer.

This case report raises the question of the possible revision of the criteria of the Italian COCIS protocol in terms
of corrected congenital heart disease.

tetralogy of fallot ¢ congenital heart disease ¢ sports/ pre-participation screening ¢ cardiorespiratory
fitness ¢ teenager
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Background

Tetralogy of Fallot (ToF) is the most common form of cyanotic
congenital defect [1]. This anomaly has 4 anatomic features:
1) anterior and rightward displacement of the aortic root; 2)
ventricular septal defect; 3) right ventricular outflow tract ob-
struction; and 4) right ventricular hypertrophy. Surgical repair
is achieved by patch closure of the ventricular septal defect
and by enlarging the RV outflow tract through an infundibu-
lar patch [2].

This leads to 3 important long-term consequences of repaired
ToF: the presence of significant RV outflow tract restenosis
and/or significant pulmonary regurgitation, as well as the oc-
currence of cardiac arrhythmias, predominantly of ventricu-
lar origin related to re-entry in the area of the infundibular
patch. Several reports have assessed the exercise capacity in
ToF patients [3]. These reports emphasize that several resid-
ual lesions can cause a reduced exercise tolerance in patients
with repaired ToF. Residual PS after direct or conduit repair of
ToF has been associated with reduced exercise capacity and
increased ventilatory response to exercise, as a consequence
of increased afterload to the RV with abnormal cardiac out-
put response to exercise [4]. Presence of residual pulmonary
artery branch stenosis and presence of aortopulmonary col-
lateral vessels have also been associated with abnormal ven-
tilatory response to exercise, as a consequence of ventilation/
perfusion mismatch [5,6]. There is evidence that, in the pres-
ence of normal RV systolic function, the effect of isolated sig-
nificant pulmonary regurgitation on exercise capacity is limited
[7]. However, patients with significant pulmonary regurgitation
who also have a reduced RV systolic function have the low-
est exercise capacity, particularly if they also have a reduced

LV systolic function. Recent observations also confirm the pre-
dominant impact of reduced RV function of exercise capacity in
repaired ToF [8]. Finally, a subgroup of patients with repaired
ToF will present, or will be at risk of, sustained potentially life-
threatening ventricular arrhythmias. Factors known to be as-
sociated with an increased risk of ventricular arrhythmias are:
older age at repair, increased RV systolic pressure, the pres-
ence of RV dilation and dysfunction (usually as a consequence
of significant pulmonary regurgitation), the presence of LV sys-
tolic dysfunction, and the presence of a broad QRS (duration
>180 msec) [9,10]. Patients with an excellent repair who have
a normal or near-normal RV pressure, no or only mild RV vol-
ume overload, no significant residual shunt, and no atrial or
ventricular arrhythmias on ambulatory ECG monitoring or ex-
ercise testing can participate in all sports of any intensity [11].

Case Report

This case report describes the history of a 13-year-old soccer
player, born with a congenital heart malformation complex with-
out cyanosis (Fallot Tetralogy of Fallot-Pink). This congenital
heart disease was surgically corrected at the age of 10 months
by the classic repair in Tetralogy of Fallot — an outflow patch of
pericardium was used to relieve subpulmonic obstruction, and
the VSD was closed with a pericardial or Dacron patch. The car-
diac surgery led to an excellent result. After the radical heart
surgery, the child had normal development, showing a natu-
ral inclination to physical activity. Since birth, he was followed
by our pediatric cardiology unit,, where he performed a regu-
lar clinical and instrumental follow-up, from which it is docu-
mented that he never showed any kind of cardiac complica-
tion. He always practiced in recreational sports activity, but at
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Figure 1. The athlete undergoes cardiorespiratory exercise treadmill testing for estimate VO2 max and anaerobic threshold.
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Figure 2. Resting ECG and during exercise testing show normal pattern.
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2D TT echocardiography exam

Figure 3. 2D Trans-thoracic echocardiography show mild right ventricular enlargement and mild tricuspid regurgitation.

some point he asked to engage in competitive soccer. Indeed,
the aspiring young footballer has come into our medical cen-
ter to undergo pre-participation screening and showed a bet-
ter cardiorespiratory fitness than many of his peers with indi-
ces of optimal recovery. During the cardiorespiratory exercise
testing, the athlete has achieved a maximum heart rate of 195
bpm at the height of the effort to a VO2 max >50 ml/min/kg
and a ventilatory anaerobic threshold corresponding to 82% of
VO2 max (Figure 1). Resting ECG showed sinus rhythm, normal

AV and intraventricular conduction (QRS <100 ms), with nor-
mal repolarization. ECG during exercise testing did not detect
arrhythmias (Figure 2). Subsequent transthoracic bidimension-
al echocardiography (Figure 3) showed excellent repair of the
VSD and normal size and normal morphology of the left ven-
tricle, with preserved systolic and diastolic function. Mild right
ventricular enlargement and mild tricuspid regurgitation were
present; no abnormalities of the RV outflow tract were found
other than a trivial pulmonary regurgitation. The aortic root was
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(line RM short axis/4 chamber view: mild right
ventricle enlargement, mild hypertrophy lateral wall

Angio RM right venctricle/pulmonary artery,
MR infundibulum (see arrow)

Figure 4. Cardiac MRI reveals slight dilation with hypertrophy of the right ventricle and shows the infundibular region of the right

ventricular outflow tract.

normal size, without aortic valve regurgitation. Cardiac MRI was
also performed, showing a slight dilatation and mild hypertro-
phy of the right ventricle, with normal biventricular contractile
function and normal size of the aortic root and the pulmonary
arteries, and without significant alterations of diameter at the
level of the pulmonary valve (trivial regurgitation <5%) (Figure
4). In light of this evidence, in agreement with the pediatric car-
diologist referent, he has been qualified as a competitive play-
er, overcoming the restrictions of Italian Protocol COCIS 2009.

Discussion

In TOF, early surgical intervention is recommended. It has
been suggested that sudden cardiac death is related to right
ventricular hypertrophy or dilatation. The risk of sudden car-
diac death increases with time, suggesting that “long-term
follow-up by specialized cardiologists or pediatricians should
be intensified” [12]. In Italy, the eligibility criteria in competi-
tive sports are set by Protocol COCIS 2009, which recommen-
dations that adult competitive athletes with TOF corrected
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surgically only participate in sports of low cardiorespirato-
ry commitment, mainly neurogenic type, with the exception
of soccer. However, some authors suggest that patients who
have good surgical results can generally participate in athletic
competition without restriction [13]. Others have stated that
more athletes with excellent repair should be allowed to par-
ticipate in all sports, providing that the following criteria are
met: normal or near-normal right heart pressure; no or only
mild right ventricular volume overload; no evidence of a sig-
nificant residual shunt; and no atrial or ventricular tachyar-
rhythmia abnormality on ambulatory ECG monitoring or exer-
cise testing [14]. Statistical analysis demonstrated a significant
relationship between reduced work performance and residual
disease, notably cardiac enlargement, increased peak systolic
right ventricular pressure, pulmonic valve incompetence, re-
sidual ventricular septal defect, pulmonary hypertension, and
cardiac rhythm disturbances [15].

This case raises possibility of revising the criteria of the COCIS
2009 [16] in terms of corrected congenital heart disease. In
light of these findings, and in agreement with the pediatric




cardiologist referent, this athlete has been considered as qual-
ified and suitable for competitive soccer, overcoming the re-
strictions of COCIS 2009.

Conclusions

Individuals with congenital heart disease are relatively rare
but are valuable members of society, thanks in part to the
progress of medicine and cardiac surgery over the past 50
years. The increased survival of this population and their pro-
gressive integration into social life, work, and sports requires
collaboration between clinics in the suburbs and centers of
excellence in the assessment of a patient’s ability to safely
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participate in sports. This presents an exciting challenge for
modern sports medicine.
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