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Abstract

Introduction: We report a series of operated tetralogy of Fallot (TOF) patients focusing on
complications and outcomes. Materials and Methods: Data from TOF patients seen at our
centre’s adult congenital heart disease clinic was analysed. Results: There were 21 patients: the
mean age was 32.2 + 12.4 years; the age at first operation was 9.0 + 7.9 years; the mean
postoperative follow-up duration was 23.5 + 12.1 years; and the current New York Heart
Association (NYHA) status: I, 82%; 11, 4%; 111, 14%. Fourteen patients had complete operative
notes. All these patients underwent total TOF correction; 2 had staged aortopulmonary shunt
with total correction at a mean of 3.2 years later, pulmonary artery patch augmentation in 8
patients and pulmonary valvotomy in 8 patients. Three patients required pulmonary valve
homograft replacement for severe pulmonary regurgitation (PR) at 13, 28 and 36 years after the
initial corrective operation. Current investigations: RBBB on ECG (91%0), QRS duration 137 £
29 ms. Echocardiography showed dilated right ventricular end-diastolic (RVED) diameters (3.2
+0.8cm); severe PR (67%), residual right ventricular outflow tract obstruction (RVOTO) (42%)
and VSD patch leakage (9%0). Cardiac magnetic resonance (CMR) (8 patients) showed dilated
RVED volumes 252.6 + 93.8 mL, indexed RV volume 165.7 + 34.8 mL; RV systolic function was
preserved in most patients with a RV ejection fraction of 49.5 + 5.7%. One patient had atrial
tachycardia and another had frequent non-sustained ventricular tachycardia that required
radiofrequency ablation. Conclusion: Patients with TOF who had full corrective surgery during
childhood are now surviving into adulthood. Many challenges arising from complications in the
postoperative period remain. Itisimperative thatadult TOF patients should have regular follow-

up to monitor development and subsequent management of these complications.
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Introduction

Tetralogy of Fallot (TOF) is the most common cyanotic
congenital heart disease withan incidence of approximately
0.5/1000 live births (5% to 7% of congenital heart lesions).
In Singapore with a live birth of over 37, 000 per year,* the
expected number of new TOF cases will be approximately
19 per year. Based on data obtained from the National Birth
Defects Registry, there were 164 TOF cases amongst all
live and stillbirths between 1994 and 2000.? In classical
TOF, an anterior and cephalic displacement of the
infundibular septum results in a large ventricular septal
defect (VSD) and the development of infundibular
pulmonary stenosis. Right ventricular (RV) hypertrophy is
associated with both pulmonary stenosis and VSD (Fig. 1).
Withoutsurgical intervention, most patients die in childhood

with a rate of survival of 66% at 1 year of age, 40% at 3
years, 11% at 20 years and 3% at 40 years .3 The advent of
surgical repair which includes closure of the VSD and
relief of RV outflow tract (RVOT) obstruction has greatly
improved the long-term survival of TOF patients. Complete
repair of TOF in early childhood is now routinely available
in tertiary centres in Singapore. High survival rates in TOF
patients who underwent complete repair have been
reported.*®

Nevertheless, a myriad of potential complications have
been reported in operated TOF patients that underlie the
importance of long-term follow-up after surgery even if
they remain asymptomatic. These complications include
rhythm and conduction disorders such as sudden cardiac
deaths,®° pulmonary regurgitation (PR) with RV dilatation
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Fig. 1. Tetralogy of Fallot.

Table 1. Documented Operative Procedures (n = 14)

Procedure No. of patients (%)

14 (100%)

2 (14%)
(1 Blalock-Taussig shunt and
1 Waterston shunt)

VSD closure

Closure of previous palliative shunt

Infundibulectomy only 6 (43%)
Infundibulectomy and valvotomy 8 (57%)
Valvotomy only 0

Pulmonary outflow patch 8 (57%)

(Patch up to pulmonary valve
annulus in 2 patient and
through pulmonary valve
annulus in 6 patients)

No patch 6 (43%)

VSD: ventricular septal defect

and dysfunction,**2aneurysm formation and rupture at the
site of RV outflow tract repair,®® residual or recurrent
obstruction of the RVOT, VSD patch leakage'* and aortic
regurgitation (AR).%®

We report a case series of 21 patients followed-up in our
centre’sadult congenital heart disease clinic to evaluate the
incidence and significance of complications after total
corrective surgery.

Materials and Methods

Data from surgically corrected TOF patients seen at our
centre’s adult congenital heart disease clinic were obtained
from patient records using a predetermined data collection
form. Information collected from the records include
patients’ demographics, operative details, postoperative
functional status, electrocardiogram (ECG), Holter,
transthoracic echocardiogram and cardiac magnetic
resonance (CMR) imaging results as well as data on

subsequenthospitalisations, repeat operations, arrhythmias,
heart failure as well as death following initial corrective
surgery. Data collated were analysed using SPSS version
13, SPSS Inc., Chicago, IL.

Electrocardiography

ECG parameters were obtained prior to operation (if
available) and during follow-up. These include the averaged
QRS duration, determination of QRS axis, presence of
intraventricular conduction delay or bundle branch blocks
and presence or absence of atrial or ventricular arrhythmias.
ECG was obtained using Marquette ECG machines.

Holter Recordings

Holter recordings were conducted for patients with
symptoms suggestive of arrhythmias such as palpitation
andsyncope. Holter parameters were obtained if the patients
had undergone such recordings post-repair. These include
the presence of arrhythmias and the duration of pauses.

Echocardiography

The latest available transthoracic echocardiographical
data from each patient was analysed. Parameters obtained
included dimensions of the aortic root, ascending and
descending thoracic aorta; presence and severity of valvular
regurgitation (especially pulmonary and tricuspid
regurgitation) using Doppler and colour flow
quantifications, right and left ventricular dimensions, left
ventricular ejection fraction (LVEF) as well as presence of
any residual VSD or RVOT obstruction. Right and left
ventricular end diastolic dimensions were measured from
endocardial surface to endocardial surface using M-mode
echocardiography based on American Society of
Echocardiography guidelines.t® From the continuous-wave
Doppler, duration of pulmonary regurgitation as well as
duration of total diastole were measured and the ratio
between the 2 was defined as the pulmonary regurgitation
index (PRi). Doppler-measured PRi was previously found
to correlate closely with CMR regurgitant fraction. A PRi
<0.77 had 100% sensitivity and 84.6% specificity for
identifying patients with pulmonary regurgitant fraction
>24.5%, with a predictive accuracy of 95%.Y Pulmonary
pressure halftime <100 ms is useful in identifying
haemodynamically significant regurgitation.®® Tricuspid
annular plane systolicexcursion (TAPSE) isa measurement
of right ventricular long axis function previously found to
correlate closely with right ventricular ejection fraction
measure using radionuclide angiography.’® TAPSE
measurement of >20 mm is normal. Right ventricular
dilatation index (RVDi) (ratio of RV end diastolic dimension
and LV end diastolic dimension) was previously reported
to correlate with severity of pulmonary regurgitation. RVDi
<0.5 is normal.®
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Table 2. Transthoracic Echocardiography Parameters (n = 21)

Parameter No. (%)

Pulmonary regurgitation

1) Colour flow mapping
Mild 5 (23%)
Moderate 2 (10%)
Severe 14 (67%)

Mean (+ SD)

2) PR pressure half time (ms) 63.1 (+ 29.8)

3) PR index 0.59 (+ 0.19)

Right ventricular

1) RV end diastolic dimension (cm) 3.2 (x0.8)

2) Tricuspid annular plane systolic 20.7 (£ 4.9)
excursion (TAPSE) (mm)

3) RV inlet dimension (cm) 4.1(x0.9)

4) Right ventricle dilatation index (RVDi) 0.77 (x 0.22)

Left ventricular

1) LV inlet dimension (cm) 3.7 (x0.3)

2) LV ejection fraction (%) 59.6 (+ 6.0)

LV: left ventricular; PR: pulmonary regurgitation; RV: right ventricular;
RVDi: right ventricular dilatation index

Cardiac Magnetic Resonance Imaging

CMR imaging were performed in patients postoperatively
especially for patients with moderate-to-severe PR and
parameters obtained included biventricular ejection fraction,
end systolic and end diastolic volumes, stroke volumes,
ventricular mass, presence and severity of valvular
regurgitation as well as complications of residual VSD and
RVOT obstruction. CMR imaging were performed using
Magnetom Avanto, Siemens.

Results

Data were obtained from 21 patients who underwent
operative correction for TOF who were followed-up in the
adult congenital heart disease clinic.

Demographics
The mean age of the cohort was 32.2 + 12.4 years. There

were 9 female patients. All patients were Chinese except 3,
who were Malay.

Operative Details

Complete operation notes at the time of reparative surgery
were available for 14 patients (Table 1). The age of first
operation was 9.0 = 7.9 years. The oldest age of complete
repair was 32 years. The operative procedures performed
included repair of VSD, infundibulectomy with or without
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valvotomy, patch augmentation of the infundibulum up to
the annulus or through the annulus. In all but 2 patients,
VSD repair was done using the transatrial or transpulmonary
approach. The remaining 2 patients had repair done via
right ventriculotomy. The transatrial or transpulmonary
approach has replaced the earlier method of repair via right
ventriculotomy as there is less direct myocardial damage
and reduced initial postoperative PR prolongation.
Associated cardiac defects in 7 patients were repaired at the
same time, including atrial septal defect (ASD), patent
foramen ovale (PFO) closure in 6 patients and ligation of
patent ductus arteriosus (PDA) in 2 patients. The mean
postoperative follow-up duration was 23.5 + 12.1 years.
Most of the patients were in New York Heart Association
(NYHA) class | (82%) during the last follow-up
consultation; 4% were in NYHA 11 and 14% in NYHA 111.

Electrocardiography and Holter Recordings

ECG showed RBBB on 91% of the patients; mean QRS
duration 137 + 29 ms (>180 ms in 1 patient). Three patients
underwent 24-hour Holter monitoring for persistent
palpitation. Atrial tachycardia and frequent premature
ventricular complexes were found in 1 patient. In another,
frequent episodes of non-sustained ventricular tachycardia
were detected. The 24-hour Holter study was normal in the
third patient.

Echocardiography

Transthoracic echocardiography was conducted in all 21
patients postoperatively. The last follow-up echocardiogram
was done 21.2 + 8.8 years after the initial operation (Table
2). Aortic measurements were normal except for a mild
increase in the diameter at the level of the sinus of VValsalva.
Measurements for sinus of Valsalva, sinotubular junction
and ascending aortawere 3.6 £0.6cm,3.1£0.7cmand 3.1
+ 0.6 cm respectively. Only trivial or mild degrees of aortic
regurgitation were found for all patients. The measurement
of the main pulmonary artery, right pulmonary artery and
left pulmonary artery were 2.3 £ 0.6 cm, 1.5 £ 0.3 cm and
1.5+0.4 cmrespectively. One patient had a narrowed main
pulmonary artery, 2 had a narrowed left pulmonary artery
and 1 had a narrowed right pulmonary artery. Narrowed
right and left pulmonary arteries measured from 0.6 cm to
1.0 cm. Two-thirds of the patients had severe PR assessed
using colour flow mapping. In our study the mean PRi was
0.59 + 0.19 and the mean TAPSE was 20.7 + 4.9 mm.
Patients with mild PR had amean TAPSE 0f 27.0 7.1 mm
while those with severe PR had a mean TAPSE of 18.5 +
3.2 mm. The average RVDiwas 0.77 £ 0.22. Patients with
mild PR had a mean RVDi of 0.55 + 0.22 while those with
severe PR had a mean RVDi of 0.86 £+ 0.18. None of the
patientshad RVDi>2. Therightventricular systolic pressure
was 34.9 £ 9.5 mm Hg.
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Table 3. CMR Parameters for Patients With Moderate-to-severe PR (n = 8)

Parameter Right ventricular Left ventricular
Mean (+ SD) [Normal range] Mean (+ SD) [Normal range]
Ejection fraction (%) 495 (£ 5.7) 57.6 (+ 6.5)
[47-80%)] [56-87%]
End diastolic volume (cmq) 252.6 (£ 93.8) 115.4 (£ 27.9)
[58-227 cm?] [52-195 cm?]
Indexed end diastolic volume (mL/m?) 165.7 (+ 34.8) 67.5 (£ 13.8)
End systolic volume (cm?®) 148.4 (+ 21.5) 49.9 (x 18.1)
[12-103 cm?] [13-72 cm?]
Indexed end systolic volume (mL/m?) 88.0 (x 22.0) 30.6 (+ 6.5)
[<95 mL/m?] [<50 mL/m?]
Stroke volume (cm?®) 124.6 (£ 19.2) 63.5 (£ 12.7)
[35-138 cm?] [33-133 cm?]
Mass - 69.9 (+ 24.6)
RV/LV Indexed volume
RV/LV end diastolic volume index 2.2 (£ 0.8)
(RVEDV/LVEDV)
RV/LV end systolic volume index 3.2 (0.9

(RVESV/LVESV)

CMR: cardiac magnetic resonance; LV: left ventricular; PR: pulmonary regurgitation; RV: right ventricular

Two patients were found to have VSD patch leakage
during follow-up echocardiogram examination post-repair.
The degree of leakage was found to be small in both cases.

Nine patients had residual or recurrentRVOT obstruction.
Of these, 4 had residual pulmonary valve stenosis while the
rest had supravalvular stenosis. The degree of stenosis
was mild in 6 patients with a peak systolic pressure
gradient (PPG) across the stenosis of between 11 and
30 mm Hg. Two patients had moderately severe pulmonary
stenosis with PPG 73 and 76 mm Hg respectively. The
remaining patient with severe pulmonary stenosis had PPG
of 99 mm Hg.

Cardiac Magnetic Resonance Imaging

CMR was done in 8 patients 22.5 + 9.6 years after the
initial operation. Patients who underwent CMR had mod-
erate-to-severe PR on echocardiography. Table 3 lists the
findings on CMR. Left ventricular size and function were
generally normal. Measurements of the right ventricular
dimensions showed dilated RV in all patients. Two patients
had mild RV dilatation with indexed end diastolic RV
volume measuring 97 and 119 mL/m?respectively. The rest
of the patients had severe RV dilatation with indexed end
diastolic RV volume ranging from 148 to 218 mL/m2. RV
systolic function was still preserved in most patients with

amean RV ejection fraction of 49.5 + 5.7% (normal range,
47% to 80%). One patient with severe residual severe
pulmonary valvular stenosis, free pulmonary regurgitation
and mild VSD leakage had reduced RV ejection of 40%.
All the other patients had RVEF of at least 47%.

Complications Following TOF Repair

The number and types of complications following TOF
repair are listed in Table 4. Three patients required repeat
operations after the initial complete correction of TOF. All
had pulmonary valve replacement using homografts at a
mean of 29 years after total correction due to progressive
right ventricular dilatation and severe reduction of exercise
tolerance. One of the 3 patients underwent subendocardial
resection of RVOT obstruction in the same operation.
Another patient had resection of residual pulmonary stenosis
3 years after initial corrective TOF surgery followed by
pulmonary valvular homograft implantation 4 years later
and balloon dilatation of suprapulmonary stenosis 1
year later.

One patient had atrial tachycardia that required
radiofrequency ablation. Another had non-sustained
ventricular tachycardia initially treated medically, but then
underwent electrophysiological study and radiofrequency
ablation 12 years after the corrective operation.
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Table 4. Incidence of Complications Post-repair (n = 21)

Complication No. (%)
Pulmonary regurgitation
Mild 4 (19%)
Moderate 3 (14%)
Severe 15 (71%)
Residual or recurrent RVOT obstruction 9 (42%)
RV dilatation 21 (100%)
VSD patch leakage 2 (10%)
Reoperation 3 (14%)
Pulmonary valve replacement (homograft)
Persistent atrial arrhythmias 1 (5%)
Persistent atrial tachycardia requiring
electrophysiological study and radiofrequency
ablation (EPS/RFA)
Persistent ventricular arrhythmias 1 (5%)

Non sustained ventricular tachycardia
requiring EPS/RFA

EPS: electrophysiological study; RFA: radiofrequency ablation; RV: right
ventricular; RVOT: residual right ventricular outflow tract; VVSD:
ventricular septal defect

Discussion

Complications of varying severity occur almost invariably
after TOF repair leading to considerable morbidity and
even mortality. In our cohort of TOF patients, the most
commonly occurring complications were pulmonary
regurgitation, residual RVOT obstruction, VSD patch
leakage and arrhythmias.

Pulmonary Regurgitation/Right Ventricular Dilatation

PR complicating surgical repair of TOF iscommon inall
patients, with over 80% having at least moderate-to-severe
PR. PR hasbeenshowntobe related to the use of transannular
patch during RVOT reconstruction and aggressive
infundibulectomy involving the pulmonary valve annulus.*
Four out of 5 patients in our series with mild PR had
infundibulectomy only without the involvement of the
pulmonary valve annulus. Although PR has been reported
to be well-tolerated in several clinical studies,?*?? long-
term follow-up has shown that this can lead to considerable
disability. The adverse effects of PR include progressive
dilatation of RV, reduced exercise capacity, arrhythmia
and sudden death.*

PRisknownto be exacerbated by concomitant conditions
that elevate pulmonary systolic pressure. These include
branch pulmonary artery stenosis, left ventricular
dysfunction and acquired bronchopulmonary diseases. In
our series, all patients with branch pulmonary artery stenosis
had severe PR.
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Investigations for PR include the use of ECG,
echocardiography, CMR and exercise treadmill. QRS
prolongation with rSr morphology in the right precordial
lead reflect right ventricular volume overload. Although
the presence of RBBB in post TOF repair is extremely
common (91% in our study) and may mask the presence of
RV hypertrophy, progressive lengthening of QRS duration
withtime reflectsRV enlargementand potential RV failure.!!
Comparing patients with PRi >20.77 (mild PR) and those
with PRi <0.77 (significant PR), the mean QRS duration
was 115 £ 29 ms and 142 + 27 ms respectively. Three
patients who underwent PVR had a mean QRS duration of
156 ms. Progressive lengthening of the QRS duration over
time can help identify patients who have progressive right
ventricular dilatation and timing of PVR.

Echocardiography can detect and quantify the severity of
PR and the corresponding degree of RV dilatation. The
mean RV end diastolic dimension (RVEDD) measured on
echocardiography between patients with mild PR to those
with severe PR was found to be 2.7+ 1.0cmand 3.5+ 0.7
cm respectively. Severe PR results in volume overload
of the RV and progressive dilatation over time.
Serial measurements can help identify patients who may
require PVR.

Late pulmonary valve replacement (PVVR) has been shown
toreduce RV dimension and improve RV systolic function
as well as functional status.??® In our study, 3 patients
underwent PVR 13, 28 and 36 years after complete repair.
All 3 patients were in NYHA class 1l prior to PVR but
improved dramatically post-replacement to NYHA class I.
All patients documented a reduction of RV end diastolic
dimension from 3.8 + 0.7 cm to 2.9 + 0.7 cm on
echocardiography.

The timing of pulmonary valve replacement is crucial
especially in young patients as these valve replacements
have a limited lifespan. The decision regarding the timing
of pulmonary valve replacement is based on a combination
of both clinical as well as investigational features. Factors
determining the decision for valvular replacement include
clinical deterioration of functional status, serial deterioration
of exercise capacity ontreadmill testing, serial prolongation
of QRS duration on ECG, echocardiographic evidence of
severe PR as suggested by PRi <0.77,% pulmonary pressure
half time <100 ms,*® right ventricular dilatation index,
RVDi (ratio of RV end diastolic dimension and LV end
diastolic dimension) >22°and right ventricular dysfunction
suggested by TAPSE <20 mm; CMR evidence of severe or
free PR is suggested by measurement of pulmonary
regurgitant fraction >40%,! significant RV dilatation as
suggested by index right ventricular end diastolic volume
(RV end diastolic volume/BSA) >150 mL/m2% and RV
systolic dysfunction (RV ejection fraction <40%).
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Residual RVOT Obstruction

Residual RVOT obstruction can persist after initial
corrective surgery due to hypertrophied muscle in the
subvalvular region, annular hypoplasia, pulmonary valve
stenosis, or branch pulmonary artery stenosis.?? Mild
obstruction is usually well tolerated, but significant
obstruction may require reoperation or catheter-based
intervention. In our study, 6 out of 9 patients with recurrent
or residual RVOT obstruction had mild degree of stenosis
and were treated expectantly. Two patients with moderate
degree of RVOT obstruction were functionally
asymptomatic (NYHA 1) and did not require surgical
intervention. The remaining patient with severe pulmonary
stenosis had PPG of 99 mm Hg measured on transthoracic
echocardiogram 23 years after initial total correction for
which he underwent reparative surgery in 2000. This
patient also had severe pulmonary regurgitation and due to
deteriorating NYHA class status, received a pulmonary
homograft in 2004. A year later, he developed significant
suprapulmonary stenosis with PPG of 70 mm Hg. He
underwent subsequent balloon dilatation of the
suprapulmonary artery stenosis with residual mild stenosis
of 48 mm Hg.

The use of shunts, such as the Blalock Taussig shunt, is
associated with pulmonary artery hypoplasiaand pulmonary
artery distortion.?® However, the 2 patients who had prior
shunt operations before complete repair in our series did
not have pulmonary artery stenosis.

VSD Patch Leakage

VSD patch leakage was detected in 2 patients 22 and 26
years after complete repair during echocardiography and
CMR examinations respectively. The leakage was detected
by echocardiography in 1 patient and by CMR in the other.
In both cases, the residual leak was small and did not
require repeat operation.

Arrhythmias

Arrhythmias and sudden cardiac death remain the most
common cause of death after repair of TOF.2 Risk factors
for sudden cardiac death post-TOF repair include older age
at the time of surgical repair,” those with moderate-to-
severe PR,° systolic and diastolic dysfunction or prolonga-
tion of QRS duration (to >180 ms).1? Other arrhythmias
including atrial tachyarrhymias or rarely complete heart
block may also be present.

In our study, 1 patient had non-sustained ventricular
tachycardia documented on Holter. This patient had
undergone complete repair at the age of 8 years but had
severe PR postoperatively that eventually required PVR.
ECG showed a pre-PVR QRS duration of 155 ms. She was
initially treated with sotalol but had persistent symptoms of
palpation. Electrophysiological study and radiofrequency

ablation (EPS/RFA) of VT was eventually done with
cessation of palpitation and no further documentation of
non-sustained VT on subsequent Holter studies.

Another patientwho had non-sustained atrial tachycardia
documented on Holter study and persistent symptoms
despite medication underwent successful radiofrequency
ablation. She remained asymptomatic after EPS/RFA.

Conclusion

Patients with TOF who had full corrective surgery during
childhood are now surviving into adulthood. Many
challenges remain arising from complications such as
severe pulmonary regurgitation, right ventricular dilatation,
RVOT obstruction, VSD patch leakage, arrhythmias and
sudden cardiac death. It is imperative that adult TOF
patients should have regular follow-up to monitor
development and subsequent management of these
complications.
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