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COMPLETE REPAIR FOR TETRALOGY OF FALLOT IN CHILDREN:
SHORT-TERM OUTCOME IN A SINGLE CENTER

Le Thanh Khanh Van', Hoang Ngoc Vi?, Doan Van Phung?®, Bui Quoc Thang**

Abstract — Tetralogy of Fallot is a common
cyanotic congenital heart disease. Early surgery
treatment gives patients a chance to have normal
physical and mental health due to preventing
complications of cyanosis and even death as
a natural history of tetralogy of Fallot. This
study aimed to show short-term outcomes (in-
cluding the time of postoperative hospital stay
and 30 days after discharge) of tetralogy of
Fallot complete repair at the Department of Pe-
diatric Cardiac Surgery, Cho Ray Hospital. A
retrospective study was performed on the data
of medical documents of 38 patients, who un-
derwent complete repair for tetralogy of Fallot
with full sternotomy and cardiopulmonary bypass
from March 2017 to December 2019, following
a collection form. The results showed the aver-
age age and weight were 33.89+13.02 months
and 11.77+2.48 kg. The cardiopulmonary by-
pass time was 147.74+12.48 mins, the aortic
cross-clamp time 104.841+9.73 mins, the me-
chanical ventilation time 31.144+10.75 hours,
the duration of stay in the intensive care unit
58.03+13.56 hours, the postoperative hospital
stay time 10.12+1.5 days, and the mortality rate
2.6%. The study concludes that the short-term
surgical outcome of complete repair for tetralogy
of Fallot in lightweight children is safe and
effective with a low mortality rate.

Keywords: complete repair for tetralogy of
Fallot, mortality rate, short-term surgical out-
come.

I. INTRODUCTION

Tetralogy of Fallot (TOF) is one of the
most common cyanotic congenital heart diseases,
which accounts for about 3.3 in 10,000 live
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births. Anatomically, TOF is a combination of
four defects of the heart and the pulmonary
artery, including the right ventricular outflow
tract obstruction (RVOTO) or the narrowing of
the pulmonary valve and main pulmonary artery
(MPA), the malalignment ventricular septal de-
fect (VSD), the overriding aorta or the aortic
valve sits directly on top of VSD and seems to
open from both ventricles, and the right ventricu-
lar hypertrophy. The early surgery for TOF was a
palliative treatment performed by Alfred Blalock
in 1944 that created a systemic to pulmonary
shunt. In 1954, Kirlin performed the complete re-
pair of all defects of TOF using cross-circulation
[1].

Children with TOF have to perform reparative
surgery as soon as possible to prevent the compli-
cations of cyanosis and even death due to natural
history, and this early fixing makes them grow
normally in both physical and mental health. The
procedure of complete repair for TOF recently
includes VSD closure and RVOTO reconstruction
with cardiopulmonary bypass (CPB) support. The
RVOTO reconstruction is the most important
technique, and it varies between patients, mainly
depending on the position of obstruction and
the right ventricle outflow structure after recon-
ditioning affects the surgical outcome directly.
Some current techniques for RVOTO reconstruct-
ing include muscular resection, valvotomy, aug-
mentation of the pulmonary artery with autograft,
biologic or artificial patch, and pulmonary valve
plasty.

The aim of this study was to evaluate the
clinical and paraclinical characteristics and to
show the short-term surgical outcome (including
the time of postoperative hospital stay and 30
days after discharge) of TOF complete repair
at the Department of Pediatric Cardiac Surgery
within Cho Ray Hospital, Vietnam, to provide
reliable information and support further research.
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II. LITERATURE REVIEW

The long-term survival rate of TOF repair has
significantly improved with over 90% surviving
after 10 years, and the short-term surgical out-
come has decreased early mortality in recent eras
compared to the last two decades (Figure 1). The
early mortality rate of congenital cardiothoracic
surgery was reported under 3% in recent years.
However, the pre-operative severity of the TOF
(including the size of the pulmonary valve and
pulmonary arteries, which were described by Z-
score, the right ventricle-pulmonary artery pres-
sure gradient, and oxygen saturation) and other
residual problems of peri-operation (such as right
ventricular dysfunction, pulmonary regurgitation,
pulmonary blood flow, residual RVOTO and
VSD, and arrhythmia) may affect the short-term
surgical outcome [2—11].
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Fig. 1: Survival following tetralogy of Fallot
(TOF) repair [2]. Survival at 10 years ranges
from 68.5% to 90.5%

III. RESEARCH METHODS

A retrospective study of patients who under-
went complete repair of TOF was conducted
at the Department of Pediatric Cardiac Surgery
within the Cardiovascular Center at Cho Ray
Hospital from March 2017 to December 2019.
The TOF was diagnosed by echocardiography
and a contrast chest CT scan. The protocol
of TOF complete repair includes full midline
sternotomy, using CPB supporting, arresting the
heart by aortic cross-clamp and anterograde car-
dioplegia, maintaining intraoperative tempera-
ture ranges 30°C-32°C, RVOTO reconstruction

43

TECHNOLOGICAL AND ENVIRONMENTAL SCIENCES

and VSD closure, which was performed via
transatrial-transpulmonary approach.

Preoperative data included age, weight, gen-
der, baseline oxygen saturation by pulse oxime-
try (SpO2), McGoon index calculation, transpul-
monary pressure gradient and Z-score of the pul-
monary annulus (PA), which were evaluated by
echocardiography. Operative variables including
CPB time, ACC time, surgical protocol, transpul-
monary pressure gradient and RV/LV pressure
were directly measured and calculated. Postop-
erative variables included the mechanical venti-
lation time, the length of ICU and postoperative
hospital stay, the baseline SpO2, the complica-
tions consisting of pleural or pericardial effusion,
heart arrhythmias, low cardiac output syndrome
(LCOS), right ventricular failure, pneumonia,
residual VSD, residual RVOTO, septic shock, and
death. Short-term surgical outcome was defined
as the time of postoperative hospital stay and the
mortality rate at 30 days after discharge. STATA
version 14 was used for data analysis. Standard
descriptive statistical methods were used and the
results were described as frequencies or medians
with ranges, as appropriate.

IV. RESULTS AND DISCUSSION
A. Research results

The data of 38 patients (24 males and 14
females) were collected in this report from their
medical documents. The age at surgery was
33.89£13.02 months old, ranging from 2 to 150
with a median of 13.5 months. The weight at
surgery was 11.77+2.48 kg, ranging from 5 to
34 with a median of 9 kg.

The data on preoperative characteristics
showed that 7 patients had received prior inter-
ventions, consisting of 4 patients with modified
Blalock-Taussig shunt, 2 patients with patent duc-
tus arteriosus (PDA) stenting and 1 patient with
RVOTO stenting. The average baseline SpO2 was
8243% and 4 patients were more than 95%. The
Z-score of PA and MPA were under -2.

There were many different surgical techniques
for RVOTO plasty, and three patients were per-
formed monocusp valve palcement (Table 2).

All patients were not cyanotic after complete
repair with the SpO2 being more than 95%. Three
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Fig. 2: The age and weight of 38 patients
(from younger to older)

Table 1: Preoperative characteristics of patients
with TOF

Characteristics Results

Baseline oxygen

430, n SO0 0
saturation (%) 8243% (min. 59% — max. 98%%)

Overriding aorta (%) 3943 2% (min. 25% — max. 50%)

Transpulmonary pressure | 91.73£9 18 mmHg (min. 32 mmHg
gradient (mmHg) —max 160 mmHg)

McGoon index 1.8£0.21

PA Zscore -2.88x0.76

MPA Zscore -2.51£0.85

Patent foramen ovale (PFQ): 17
Patent ductus arteriosus (PDA): 6

Left superior vena cava: 2
Atrial septal defect: 2

Other cardiac defects
(number of patients)

patients suffered from ventricular premature beats
but the condition was ceased by medication.
One patient died on the 9th day postoperatively
because of sepsis shock and organ dysfunction.
No patient was re-admitted to the hospital after
30 days discharge. Pneumonia, pleural and peri-
cardial effusion were the common complications.
One patient stayed in the hospital for 30 days
postoperatively due to the recurrent pleural effu-
sion of both the left and right lungs. Two patients
with residual problem (1 residual RVOTO and 1
residual VSD) were confirmed by echocardiogra-
phy on the day before hospital discharge (Table
3).

B. Discussion

Tetralogy of Fallot is one of the frequent forms
of complex congenital heart diseases that requires
early surgery. Complete repair has been per-
formed in many pediatric cardiac surgery centers
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recently, and while this technique still challenges
the surgeon especially in lightweight patients, age
was not a risk factor for mortality or reoperation
[4].

In our study, 7 children underwent prior pal-
liative interventions and not complete repair at
initial diagnosis. The PA size, younger age and
clinical conditions were common factors that
contributed to the need to perform palliative
intervention instead of complete repairs, such as
creating an aortopulmonary shunt, PDA stenting
or RVOTO stenting. These strategies of palli-
ation increased pulmonary blood flow just in
selected patients, and they then were followed
up for complete repair operation [2]. Each type
of palliation should be applied for each specific
situation [5-7].

The common additional defect of TOF was
patent foramen ovale (PFO) [8]. It did not re-
quire considerable time for PFO closing in the
operation. In some specific situations, such as
severe right ventricle (RV) failure or RVOTO, the
surgeon decided not to close the PFO as a way
to save the patient. Preoperative transpulmonary
pressure gradient was too high, with Z-scores of
PA and MPA of -2.88 and -2.51, respectively.
These results indicated that severe stenosis in
RVOTO may cause RV failure, especially pro-
longing it to adulthood [8].

McGoon ratio or Nakata index was used to
predict the postoperative prognosis. An optimal
McGoon ratio (1.8) in this study was the predic-
tor of a low mortality rate.

Muscle resection, pulmonary valvotomy and
MPA augmentation were the common surgical
techniques of RVOTO reconstruction. Mono-
cusp was an alternative for these patients. Many
studies show that there is an insignificant dif-
ference between transannular patch and mono-
cusp in the surgical outcome, but the high fre-
quency of postoperative pulmonary regurgitation
of the transannular patch makes monocusp a
preferred technique [4, 9, 10]. However, patients
with monocusp have to use anticoagulant or
antiplatelet postoperatively and require other op-
erations when this artificial valve becomes inap-
propriate. There were 3 patients with premature
ventricular beat. Muscle resection of VSD closure
and infundibular septal muscle were the main
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Table 2: Intraoperative characteristics of patients with TOF

Characteristics Results

CPB time (min) 147 74+12 48 mins (pun. 73 mins — max. 275 mins)
ACC time (min) 1048429 73 mins (from 50 mins to 165 mins)
Transpulmonary pressure gradient (mmHg) 15 59+4 54 mmHg (min. 1 mmHg — max 62 mmHg)
Pressure RV/LV 0.60+0.05 (0.34 —0.91)

Muscle resection 36
RVOTO ) Valvotomy _ 29

Tepair MPA augmentation 25

(number of -
patients) Branch augmentation 4

Monocusp 3

Infundibular patch 1

Table 3: Postoperative characteristics of patients with TOF

Characteristics Results
Mechanical ventilation time (hour) 31.14210.75 hours (min. 7.5 hours — max. 196 hours)
ICU length of stay (hour) 58.03+13 56 hours (min. 13 hours — max_ 196 hours)
Postoperative hospital lenght of stay (day) 10.12+1 5 days (min. 5 days —max 30 days)
None 12
Pneumonia 1
Plevral effusion 18
Complications | Pericardial effusion 8
(number of Arrhythmias Ventricular premature beat 3
patients) RV failure and LCOS 12
Death 1
Residual VSD 1
Residual RVOTO 1
S5pO2 postoperation = 95% 38
Re-admission (30 days after discharge) 0
parts of resection, and the surgeon sometimes  normal circumstances may prolong hospital

had to remove some tissue of the ventricular sep-
tum below the infundibulum that was considered
obstructing RVOTO. This resection may lead to
temporarily or permanently AV block.

Residual RVOTO and VSD are the two com-
mon complications in the immediate postopera-
tive period [11]. In this study, the transpulmonary
pressure gradient measured after CPB weaning
was 15.59 and the postoperative pressure ratio
between RV and LV was 0.6. Both of them
predicted a good postoperative prognosis with a
low rate of residual RVOTO obstruction. As a
result of low residual RVOTO and VSD rates, no
patients in this study needed to undergo reoper-
ation during the short-term period.

RV failure and LCOS were the severely com-
plicated characteristics of TOF repair. If they
were not managed well, organ failure could be
induced and threaten patient’s life [12].

Pericardial effusion and pleural effusion in
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length of stay, especially in case of recurrence.
The mortality rate of complete repair for TOF
in many current reports was about 1 — 5% [3,
4]. The low mortality rate in this study (2.6%)
may be partly because of the optimal McGoon
ratio, no early reoperation, no AV block and
well-controlling of RV failure and LCOS. The
limitation of this study was not to show the data
on mid-term and long-term surgical outcomes so
there was not enough evidence to make long-term
conclusions about the success of the complete
repair technique.

V.  CONCLUSION AND
RECOMMENDATIONS

TOF treatment by complete repair requires an
effective cardiovascular surgical team for diag-
nostic and follow-up in peri-operation, especially
in lightweight children. Early surgical outcome
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of patients with TOF complete repair in the
Department of Pediatric Cardiac Surgery at Cho
Ray Hospital has been shown to be satisfactory
with a low mortality rate. However, more clinical
data with a larger number of patients is needed to
figure out which factors affect to these results.
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