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ABSTRACT
Objective

To evaluate early results after surgical repair for tetralogy of Fallot; to find out the trends
of repair technique and outcomes at NICVD.

Study design

Descriptive case series.

Place &
Duration of
study

Department of Paediatric Cardiac Surgery, National Institute of Cardiovascular Diseases
Karachi, from January 2016 to December 2016.

Methodology

All patients operated for total correction of tetralogy of Fallot were included in the study.
Each patient was followed for three months post repair and echocardiography was used
for final assessment of gradient across right ventricular outflow tract.

Results

A total of 74 patients who underwent surgical repair of tetralogy of Fallot were included
in the study. There were 45 (61%) males and 29 (39%) females with an age range from
2 year to 13 year. Mean age was 6.3 year. Repair was done through ventriculotomy with
trans annular patch (TAP) in seven patients. Sixty-seven patients were operated without
ventriculotomy. Patients in whom TAP was used had more severe pulmonary regurgitation,
delayed extubation and long ICU stay than patients where repair was performed without
ventriculotomy. Follow up echocardiography showed residual right ventricular outflow
obstruction in patients operated without ventriculotomy and trans annular patch placement
with mild obstruction in 29 (43%) patients while moderate and severe right ventricular
outflow tract obstruction found in 36 (56%) and 2 (3%) patients respectively. All patients
who underwent trans annular patch placement had moderate right ventricular outflow tract
obstruction.

Conclusion

Despite concern about residual right ventricular outflow tract obstruction after correction
of tetralogy of Fallot, our data showed moderate obstruction is well tolerated postoperatively.
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INTRODUCTION:
Tetralogy of Fallot is the most common cyanotic
cardiac defect and found in 3.5% of all infants born
with a congenital heart disease. It is one of the
common cardiac defects in which surgical intervention
is required. Both palliative intervention as well as
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definitive operations are reported for this condition.
Natural history of these children shows that only
50% survive for the first years of life and very few
patients reach beyond adolescence.1
First intracardiac correction of tetralogy of Fallot
was performed in 1955. 2 Despite the poor natural
history of these children, now with timely surgical
intervention, a good outcome is reported in many
studies. 3-8 Despite excellent long term results of a
greater than 20 years survival with timely surgical
intervention, there is growing concern for residual
hemodynamic impairments like residual pulmonary
insufficiency or pulmonary stenosis. Long standing
severe pulmonary regurgitation has a well established
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association with right ventricular dilatation and
dysfunction with functional impairment and
arrhythmias; even sudden death secondary to
ventricular fibrillation.
Right ventricular outflow tract enlargement was
carried out by a large right ventriculotomy and trans
annular patch applied for the complete relief of
obstruction with acceptance of resultant severe
pulmonary regurgitation. For a long period
pulmonary regurgitation was thought to be an
innocent condition which was supported by different
studies.9,10 Later on it became evident that long term
pulmonary insufficiency results in right ventricular
dysfunction secondary to chronic volume overload
with an increase in long-term morbidity and
mortality.11-13
It was also observed that many patients with right
ventricular dysfunction require prosthetic pulmonary
valve replacement for correction of the resultant
pulmonary regurgitation secondary to tetralogy of
Fallot repair with trans annular patch . This generated
strong debate when to plan replacement prior to
irreversible changes in right ventricle. Currently most
surgeons try to adopt strategies that attempt to
preserve the pulmonary valve complex; thereafter
the residual pulmonary stenosis is confronted and
the amount of residual pulmonary stenosis is now
a matter of concern. This study was conducted to
present the trends and outcomes of total correction
of tetralogy of Fallot in our department.

Moderate systemic hypothermia (28o C esophageal
temperature), cardiopulmonary bypass with superior
vena cava (SVC) and inferior vena cava (IVC)
canulation and trans septal vent were used routinely.
The ventricular septal defect was approached via
the tricuspid valve and closed using a 0.2%
glutaraldehyde-fixed autologous pericardial patch
and the infundibular myomectomy was done and if
required pulmonary valvotomy added. Adequacy of
right ventricular outflow tract was assessed by
Hegar dilators and if found to be less than 4mm
according to normative Rowlat table, a longitudinal
pulmonary arteriotomy across the pulmonary
annulus was performed. A trans-annular patch of
untreated pericardium was placed across the right
ventricular outflow tract. Patulous trans annular
patch was avoided. Same patch was also used to
augment main or branch pulmonary artery if any
narrowing was encountered. Valve leaflets were
preserved to limit postoperative pulmonary
regurgitation.
PICU course, extubation time and total PICU stay
were noted. Severity of residual pulmonary stenosis
or pulmonary regurgitation was assessed with
echocardiography. Any additional surgery performed
was also recorded. Data was presented as number,
mean, range and percentage where appropriate .

METHODOLOGY:
This was a case series of patients of tetralogy of
Fallot who were operated in the Department of
Paediatric Cardiac Surgery, National Institute of
Cardiovascular Diseases Karachi, from January
2016 to December 2016. Patients with absent
pulmonary valve and pulmonary atresia were
excluded from study. Patients who expired as well
as those with missing data were also excluded. All
the patients after surgery were shifted to PICU and
put on mechanical ventilation with single or double
inotrope support that included epinephrine and if
r e q u i r e d f u r t h e r s u p p o r t e d w i t h d o pa m i n e .
Postoperative course was recorded and
echocardiography advised in follow up. Patients
were followed up to three month after surgery.

RESULTS:
A total 74 patients were selected for the study.
Patients’ characteristics are shown in table I.
Right ventricular outflow tract reconstruction was
achieved without ventriculotomy in 67 (91%) patients.
Seven (9%) patients required transannular patch
placement of the right ventricle outflow tract. In the
PICU, 92% patients had fast tract extubation with
average PICU stay of 90 hours (range: 64 - 160
hours). Re do intervention was needed in one patient
with moderate pulmonary stenosis with a gradient
of 60 mmHg and with failure to wean off from
ventilator. This patient underwent right ventricular
outflow tract reconstruction with trans annular patch
placement. The postoperative gradient in this patient
was 28 mmHg with moderate pulmonary regurgitation
were noted. Despite careful measuring of the outflow
tract, two patients with severe pulmonary stenosis
had a gradient of 65 mmHg and 75 mmHg. Both
patients had a smooth postoperative course.

During surgery, trans annular patch was avoided
whenever possible, even when a Hegar size of 2
to 4 mm less than desired was passed . When
needed, the smallest posssible trans annular patch
was used for right ventricular outflow tract
reconstruction to minimize pulmonary regurgitation.

One of the patients was advised for redo surgery
but the parents refused. In another patient, large
conal artery was crossing right ventricular outflow
tract and thus considered, unsuitable for re do
surgery. Two patients required reexploration for
tamponade. Both had an unremarkable course. Four
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Table I: Patients’ Information
Male
Female

Gender

45 (61%)
29 (39%)

Age

2 - 13 Year
Mean 6.3 Year

Body Surface Area (BSA)

0.4 - 1.2 (m2)
Mean 0.65 (m2)

Modified Blalock Taussing Shunt (n%)

6 (8%)

Table II: Outcome Between Two Group of Patients Operated With or Without TAP
Variable

Without TAP

With TAP

Extubation (n%)

Fast track 64 (95.5%)
Delayed
3 (4.5%)

Fast track 4 (57%)
Delayed 3 (43%)

Residual Pulmonary Stenosis (n%)

Moderate 36 (56%):
Severe
2 (3%)

Moderate 7 (100%)

Pulmonary Regurgitation (n%)

Moderate 6 (5%)

Moderate 4 (57%)
Severe
3 (43%)

patients developed junctional tachycardia and
were treated with amiodarone infusion. Fast tract
extubation was achieved in 68 (92%) patients.
Postoperative right ventricular out flow tract gradient
was moderate in 43 (58%) patients while two had
severe obstruction. Three (4%) patients had severe
pulmonary regurgitation. Outcome difference of the
two groups of patients with or without trans annular
patch is shown in table II.
DISCUSSION:
Contradicting the traditional concept that post total
correction of tetralogy of Fallot, free pulmonary
regurgitation not only supports early recovery but is
also well tolerated on long-term basis. There are
several reports suggesting adverse outcome
associated with long-term pulmonary insufficiency.
Our study also demonstrated that patients with trans
annular patch with resultant severe pulmonary
regurgitation had prolonged PICU course. Functional
testing has demonstrated that functional status is
less optimal in tetralogy of Fallot patients with
pulmonary regurgitation. 14-17 Imaging studies of
patients late after surgery has shown that pulmonary
regurgitation severity is closely associated with trans
annular patch implantation and is associated with
right ventricular dilation and dysfunction, even in
clinically asymptomatic patients. 16,17 Association of
right ventricular dilation with fatal arrhythmias is well
established.18 Functional improvement and ventricular
remodeling is reported in many papers following
pulmonary valve insertion late after tetralogy of Fallot
repair, which further support the adverse effects

of TAP and pulmonary regurgitation.19,20 Considering
these reports, several surgeons began to preserve
the pulmonary valve or at least the annulus. 22
Many surgeons are in favor of the complete primary
repair of tetralogy of Fallot as early as possible even
in neonates. 22,23 Nevertheless there are many
surgeons who showed concerns about the use of a
large trans annular patch during the neonatal period
and very early correction with resultant free
pulmonary regurgitation and late re operation for
pulmonary valve replacement. These concerns lead
others to advocate not to operate in neonates.
In this study, we adopted a simple right atrial
approach for trans tricuspid valve excision or division
of muscle bands and if required pulmonary valvotomy
and accepting a restrictive right venricular outflow
tract at the time of correction on the basis of
normative data of the pulmonary annulus. This helped
in limiting the use of trans annular patch. We
accepted sizing of the pulmonary valve even up to
three times less than the required diameter.
Furthermore, limiting the pulmonary insufficiency,
has obvious positive impact on long-term outcome.
For this reason majority of patients in this study had
moderate pulmonary stenosis at end of repair which
was acceptable.
Only three patients were admitted for re do surgery
during the study period. In these, we have implanted
bioprosthetic valve with hood of bovine pericardial
patch. In our series two patients had residual severe
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pulmonary stenosis. A standard approach in these
patients is provision of homograft conduit.
CONCLUSIONS:
For total correction avoidance of trans annular patch
enlargement
by aggressive infundibular
myomectomy and repair with preservation of the
pulmonary annulus integrity; if required pulmonary
valvotomy, has worked well. Moderate pulmonary
stenosis in our patient population was not of major
concern as better early recovery coupled with a
preserved annulus and a moderate gradient were
achieved. Failure of regression of gradient was
noted at three months follow up on echocardiography
which requires a long-term follow up.
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