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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease (CHD) in the adult.
The Philippine Heart Center (PHC) performs surgery on most TOF patients, averaging 50 patients
per year.  This study aimed to provide a comprehensive review of literature regarding TOF post-
operative outcomes in the Philippines.

METHODMETHODMETHODMETHODMETHOD Studies conducted at PHC that included 20 or more patients were included and reviewed
independently by two investigators for validity.

RERERERERESSSSSUUUUULLLLLTSTSTSTSTS Five published and 22 unpublished studies were retrieved, with 12 studies meeting the inclusion
criteria and validity standards. The mean mortality rate with TOF correction at the PHC from 1975
to 2011 was 6.7%.  From 2000-2011, the mortality rate was 5.50%. Complications included myocardial
failure, arrhythmias, infective endocarditis, and growth retardation. Electrocardiography and two-
dimensional echocardiography were indispensable tools in the follow-up of TOF patients post-
correction.  Most patients had New York Heart Association Functional Class I, and had normal
exercise tolerance, intelligence, and fertility.

CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION Although surgical outcome has been good in the Philippines, there should be emphasis on earlier
intervention to avoid complications.  With the growing number of TOF patients who survive into
adulthood, it is important to have consistent follow-up with an expert cardiologist keen on CHD.

Tetralogy of Fallot (TOF) is the most common

cyanotic congenital heart disease (CHD) in the adult.  One

in 3,600 live births or 3.5% of infants born with CHD

have TOF.1  At the Philippine Heart Center (PHC) from

2000-2005, 17.5% (1,135/6,466) of patients 19 years

old or younger with CHD were diagnosed with TOF.2

In the late 1940s before the era of open heart surgical

repairs, the trend was to perform palliative shunts that

bypass the obstruction in the right ventricular outflow

tract (RVOT).  The blood was shunted directly from the

aorta to the pulmonary artery.  With the advent of

extracorporeal circulation, improvements in general

anesthesia and surgical technique, open heart surgery

became the current treatment of choice.  However, shunts

are still used in palliation for some neonates with severe

cyanosis because of the deemed poor tolerance for a more

extensive procedure.3, 4

Surgical correction has been done at an average of 50

patients per year in the PHC, which caters to 70% of the

cardiac services of the country.5  This institution is the

major referral center for heart diseases in the Philippines,

including correction of CHDs.  Long-term survival after

correction was reported to be 90% to 95% after 30 to 35

years.6  More patients with TOF have survived into

adulthood after total correction.

The clinician is more often not aware of the

hemodynamic status and expected clinical complications

of these patients.  From the literature, operative

complications lead to patients’ demise in 5% to 10% of

patients. 6  Mortality from correction at the PHC ranged

from 0% to 12.5% for the past ten years, averaging 5.5%.

Improved outcome has been noted in recent years (2010-

2011) with a mortality rate of 2.4% among 121 patients

who underwent total correction.2  Causes of mortality

included arrhythmias, myocardial failure, bleeding,

infective endocarditis, respiratory complications, and renal

failure.5, 7, 8

Many studies regarding TOF are found in Philippine

literature, although there has not been any review written

on it.  The clinical practice of managing patients with

TOF in the Philippines has often been guided by western

standards.  This study aimed to provide a comprehensive

review of the literature regarding the postoperative

outcome of TOF in the Philippines, particularly regarding

surgical outcomes, appropriate diagnostic examinations,

and common complications of postoperative TOF

patients.
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MMMMMEEEEETHTHTHTHTHOOOOODDDDDOOOOOLLLLLOOOOOGYGYGYGYGY

The study was a review.  Both published and

unpublished research articles on TOF among Filipinos

were included in the study.  An electronic search of

published articles regarding TOF in the Philippines was

done using the Health Research Development Information

Network (HERDIN) system under Philippine Council

for Health Research and Development (PCHRD).

Unpublished research initiatives produced by fellows of

Adult and Pediatric Cardiology in the Philippine Heart

Center were also used in the search.  The citations also

identified peer contribution from reviewers and other

experts in the field.

All retrieved researches were reviewed by two

investigators independently and articles that contained

20 patients with TOF were included in the review.  The

studies were then critically appraised using validity

checklists depending on the methodology and research

question.  Risk of bias was evaluated in all the studies.

Data from valid researches were extracted to a standardized

data extraction form.

Recommendations were developed based on the

evidence, and the grade of recommendations was based

on the quality and strength of the evidence. Table 1 shows

the guide for the quality of evidence and grading of

recommendations.

RRRRREEEEESSSSSUUUUULLLLLTSTSTSTSTS

Five published and 22 unpublished researches on TOF

were conducted at the PHC.  The earliest study on TOF

was conducted in 1988, and the latest study was

conducted in 2010. Only 13 studies (four published and

nine unpublished) met the inclusion criteria of having

twenty or more TOF patients. However, one unpublished

study was excluded because of the lack of internal validity.

Table 2 describes the characteristics of the 12 remaining

included studies. Most studies were either cross-sectional

or cohort in design.  There was only one randomized,

controlled trial, which focused on esmolol as part of

treatment in a hypoxic spell.  The studies were clinically

heterogeneous, as these had different objectives.

Discussion of the studies’ results according to subject

matter with key recommendations is seen in the next

section.

Table 1. Recommendation strength and quality of

evidence

Quality of               Definition Example

Evidence

A Recommendation based on Good quality randomized

consistent and good-quality controlled trial (RCT)

 evidence or meta-analysis

B Recommendation based Lower quality RCTs,

on inconsistent or clinical cohort studies,

limited-quality evidence and patient-controlled studies

C Recommendation based

on consensus, expert

opinion, or patient series

Strength of Recommendation
1 Strong recommendation
2 Weak recommendation

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Surgical Outcomes

Clinical Findings

Surgery has been used both for palliation and

definitive correction in patients with TOF.  For patients

who have undergone palliative surgery, progressive cyanosis

may still be noted.  These may be due to worsening RVOT

obstruction, gradual stenosis of palliative aortopulmonary

shunts, development of pulmonary hypertension, and

progressive aortic dilatation and regurgitation.

Erythrocytosis is a response to the chronic hypoxemia.

Problems with hypercoagulability may be noted.

After definitive surgery, majority of patients are

asymptomatic, although there are long-term complications

such as atrial or ventricular tachyarrhythmias, progressive

right ventricular (RV) dilatation, and progressive aortic

root dilatation.   Due to the need for reoperation in some

patients, the concept of definitive surgery is being

abandoned.  On post-operative physical examination, a

RV heave may still be evident.  A delayed P2 instead of

an inaudible one can be noted.  Several murmurs may be

auscultated, such as a low-pitched diastolic murmur from

pulmonary regurgitation, systolic ejection murmur from

residual RVOT obstruction; a high-pitched diastolic

murmur from aortic regurgitation; and a pansystolic

murmur from a ventricular septal defect (VSD) leak.9
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After surgical correction, the functional class of most

patients was New York Heart Association Functional Class

(NYHA FC) I. 7,10  Even with preoperative NYHA FC III

or IV, most improved to NYHA FC I post-operatively.7

Most patients remained asymptomatic even with a mean

follow-up of 7.1 years from the time of surgery.6  Patients

often had normal exercise tolerance, normal intelligence,

and normal fertility post-surgical correction.7

Mortality

Figure 1 shows the trend of mortality with TOF

correction at the PHC.  From 1975-2011, the mean

recorded mortality rate of TOF correction was 6.7%.

An outlier in the graph was noted during the time

interval of 1984-1987.10 In the study by Villanueva, which

presented a 28% mortality rate among the 57 pediatric

patients included in the study, 14 had early death after

repair and two had late death. Myocardial failure was the

most prominent cause of early death (14%), followed by

massive bleeding (7%) and multiple embolism (3.5%).

Infective endocarditis was the reason for late death in the

two patients.10 Other studies cited intracranial bleed and

intractable ventricular tachycardia as causes of early

mortality.5, 7   A sampling bias is the most likely explanation

for this outlier Two other studies encompass the same

time frame of Villanueva’s study and their population

included adults.7,8  In order to reach adulthood, lesions

of TOF must not produce severe symptoms.  Villanueva’s

study included only children, and the severity of disease

would have been more varied.

One-stage or Two-Stage Approach

All patients with TOF should be advised to undergo

surgical correction, whether this is in the form of a one-

stage or two-stage approach (Grade 1 B).  In surgically

treated patients, there is a significant probability of better

survival compared to medical management.  With medical

management alone, TOF patients have a 40% survival in

14 years compared to 96% survival when surgically

corrected.7  The difference in survival between normal age-

matched individuals and surgically-corrected TOF

patients was not significant.7

Palliative techniques for TOF include the classic

Blalock-Taussig shunt, the modified Blalock-Taussig

shunt, the Waterston Shunt, and the Potts Shunt.  All

these techniques connect a systemic artery to the

pulmonary artery in order to shunt the blood and bypass

the right ventricular outflow obstruction.   Until the

1980s, the two-stage surgical management of TOF was

traditionally recommended because of earlier unsatisfactory

results with total repair in children under 4 years of age.11

Previous shunt has not been noted to have a significant

independent influence on operative mortality or

morbidity rate.8,10  With a time range for palliative shunt-

to-intracardiac repair of 3 to 6 years, no significant

difference were found with the proportion to mortalities

and morbidities with a two-stage compared with a one-

stage approach.10  It should be noted however that

shunting is not without complications as this can still

lead to progressive cyanosis and pulmonary hypertension.

If a palliative shunt is present, definitive corrective surgery

is recommended once nutritional buildup or the original

reason for deferral of extensive surgery is met (Grade 1

C).

Primary total correction in infants and young children

is now being advocated (Grade 1 B).4, 11 Advancements in

cardiopulmonary bypass, surgical technique, myocardial

preservation, intensive care, and echocardiography have

all led to a decline in the operative mortality in younger

children.11 The goals of surgery with a one-stage approach

are to close the VSD; relieve the RV outflow obstruction;

and repair any stenoses in the pulmonary arteries.5

VSD closure is performed most often with patching,

either in Teflon or Dacron patch.  Of the recorded 131

patients in PHC, only one patient underwent primary

closure without patching.  The presence of a residual VSD

did not significantly correlate with survival, and

reoperation on asymptomatic ones were not warranted

(Grade 1 C).6,8

RVOT Obstruction

The fundamental abnormality with TOF is the

anterior and cephalad deviation of the outlet septum and

its misalignment with the trabecular septum.3,12   This

developmental error that involves the terminal spiral

portion narrows the pathway from the right ventricle to

the pulmonary artery and enlarges the aortic root.3  The

aortic root extends over the RVOT causing the RVOT

obstruction.  Usually the dominant site of obstruction is

at the subvalvar level.  A bicuspid stenotic pulmonary

Tetralogy of Fallot
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Table 2.  Summary of reviewed studies

MortalityMorbidityTechnique

used for VSD and RVOT

obstructionClinical status

Functional classOxygen

saturation2D Echo findings

MortalityMorbidity

Technique used for RVOT

obstruction

Late result of right

ventricular outflow tract

reconstruction: ECG, Chest

radiograph, 2D echo with

Doppler

Two-dimensional

echocardiography

parametersFunctional class

MortalityPresence of

palliative

procedureTechnique used for

VSD and RVOT obstruction

MortalityPresence of

palliative procedureSurgical

approachTechnique used for

VSD and RVOT

obstructionPost-operative

functional class

Morbidity (Arrhythmias)

Presence of palliative

procedure

Technique used for RVOT

obstruction

Bypass time and ischemic

time

MorbidityECG2D echo with

DopplerSymptomatology

Preoperative

echocardiographic predictors

 None

Preoperative left

ventricular indices

Pericardial monocusp

valve usage in TOF

correction

RVOT repair

technique: Goretex

monocusp versus

non-valve

transannular repair

None

None

Surgical Approach:

Ventriculotomy or

Atriotomy

None

Good and bad

surgical outcome

group

Adult patients with

total correction 25

Pediatric patients with

total correction

42

Patients with TOF

correction with

pericardial monocusp

valve21

Pediatric patients with

total correction30

Pediatric patients with

total correction57

Pediatric patients with

total correction able

to follow-up49

Pediatric patients with

total correction165

Total correction of

TOF

157

Pediatric patients with

total correction150

Delfin DP

        (1975-1989)7

Bensurto ES

(1990-2000)17

Daen CP

(1994-1996)15

Lazaro MER

(2000-2001)13

Villanueva NJ

(1984-1987)10

Bote-Nuñez JR

(1980-1995)8

Del Campo JFM

(1992-1997)16

Perfecto SM

(1996-2005)6

Claudio MTE

(1995-2004)5

1

2

3

4

5

6

7

8

9

PUBLISHED STUDIES

Cross-sectional

Cross-sectional

Cross-sectional

Cohort

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cohort

UNPUBLISHED STUDIES

    Principal author and
period of the study

Study designOutcomesInterventions or
comparisons

Patients(n)
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    Principal author and
period of the study

Study designOutcomesInterventions or
comparisons

Patients(n)

10

11

12

Claudio MTE

(1997-2002)11

Del Campo JFM

(1999-2000)20

Yap MC

(2010)18

Pediatric patients with

elective total correction

of TOF and

uncomplicated

intraoperative course63

Infants or children with

TOF who had hypoxic

spells

20

Patients e•15 years old

who underwent TOF

total correction29

Presence or absence of

complication

Treatment of tet spell

with or without esmolol

TOF correction before

or after 5 years old

Immediate postoperative

physiologic parameters (heart

rate, blood pressure,

temperature, etc.)Bypass

time and ischemic time

Therapeutic response in

terms of heart rate, detection

of murmur, and saturation

Intelligence test results

Perioperative factors

Cohort

RCT

Cohort

VSD=ventricular septal defect; RVOT=right ventricular outflow tract; TOF=Tetralogy of Fallot; ECG=electrocardiogram
RCT=randomized, controlled trial.

valve with supravalvar hypoplasia and an atretic RVOT

are some of the variations.

The primary aim of reconstructive operation for RVOT

obstruction in TOF is the long-term relief of the

obstruction.  Infundibulectomy is often performed

because this structural abnormality in the TOF is central

in its morphology.  Relief of RVOT obstruction may be

in the form of using synthetic or biological conduits or

patches with or without incorporated valve mechanism.13

Table 3 lists the various techniques that have been

employed and recorded in Philippine studies.  The

technique employed is dependent on the unique anatomy

of the patient and the surgeon’s discretion.

Infundibulectomy was the most common technique

used to relieve RVOT obstruction.  RV hypertrophy is

the product of the RVOT obstruction that progressed over

time.  Increase in wall thickness subsequently requires

resection in some patients but this poses a risk as a nidus

of ventricular arrhythmias.6 The creation of a RVOT patch

and a transannular patching (TAP) are two other

techniques that are often used.

With regards to the reconstruction of the RVOT, TAP,

valved conduit technique, and monocusp RVOT patch

are used.  With TAP, the RV pressure is thought to be

relieved immediately.  A downside to this is the sudden

hemodynamic change of the RV from a pressure-loaded

to a volume-loaded ventricle.  Combined with VSD closure

or ventriculotomy, this technique sometimes leads to

temporary RV dysfunction.14

A valved conduit technique is useful in patients who

have unrepaired peripheral pulmonary stenosis.  The

downside to this procedure is the progressive stenosis that

is almost always observed, either due to the growth of the

patient or the calcification of valves.14  This is not a popular

technique employed in the PHC for the TOF patient.

A monocusp RVOT patch prevents pulmonary valve

insufficiency, although in some patients, recurrent

pulmonary valve insufficiency has been noted with this

technique.  In a study done in 1997, there were no

patients with recurrent pulmonary valve insufficiency

within 1 to 3 years.15  Late stenosis was also rarely seen

using this technique.  An autologous or a bovine

pericardium, homograft pulmonary valve cusp, or a

polytetrafluorethylene  pericardial membrane (Goretex)

can be used to create this patch.14   The operative use of

pericardial monocusp gave excellent hemodynamic

benefits and functions even on follow-up after 1-3 years.15

In 2001, 30 patients studied by Lazaro, et al did not

show any significant difference after five years’ follow-up

with the degree of residual gradient, pulmonary

insufficiency, tricuspid regurgitation, ventricular function,

functional capacity and reoperation rate for the monocusp

versus TAP.13 Most patients demonstrated mild degree of

residual gradient, and mild degree of pulmonary and

tricuspid regurgitation, regardless of whether they

underwent monocusp or TAP correction.  Only one patient

had moderate degree of tricuspid regurgitation, having

had a history of being operated beyond 7 years of age

Tetralogy of Fallot
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Table 3.  Various techniques used in relieving RVOT

Infundibulectomy 17 52 38 107

Valvotomy 7 7

Monocusp 2 26 28

TAP 4 19 27 52 102

RVOT Patch 7 22 24 52 105

RVOT Reconstruction 67 67

Rastelli external conduit 1 1

with porcine valve

Delfin
1975-1989

Bote-Nuñez
1980-1995

Villanueva
1984-1987

Bensurto
1990-1997

Del Campo
1992-1997

Perfecto
1996-2005

TOTAL

TAP= transannular patching; RVOT= right ventricular outflow tract.

with TAP.13  Overall, the presence of minimal regurgitant

lesions did not pose any immediate complications.10,13

Although this has been the general trend, RV dilatation

may still develop gradually in about a third of patients

who undergo TOF correction.  Reoperation should be

considered in those who present with symptoms of

progressive RV failure and clinical deterioration (Grade 1

C). This can be noted when the RV ejection fraction of

less than 45% or RV diastolic volume index of more than

150 to 170 mL/m2.12

A downside to the RVOT patch has been found in a

study comparing the approach of ventriculotomy and

atriotomy and its relation to arrhythmias.16  For both

ventriculotomy and atriotomy, the use of RVOT patch

carries significant occurrence of arrhythmias.  The RVOT

patch is much wider at the level of the pulmonary valve

when the transventricular approach is used.  A scar in the

right ventricular infundibulum may be the site of origin

of a reentrant mechanism and is a major risk factor for

the development of significant ventricular arrhythmias.

As mentioned before, infundibulectomy also predisposes

to arrhythmias.  Thus, the most common techniques

employed in relieving RVOT obstruction are prone to

produce arrhythmias, and the cardiologist should be aware

of this.

Surgical Approach:  Atriotomy versus Ventriculotomy

There are two approaches in TOF correction.  In PHC,

atriotomy is more often done than ventriculotomy.  Except

in one study in the 1980s, most studies cited the method

of approaching the heart via atriotomy.

One study specifically compared the relation of the

approach to various surgical outcomes.16 A major concern

in correction of TOF is the development of arrhythmias.

Ventricular arrhythmias were significantly more frequent

after ventriculotomy (58% vs. 42%) but the severity was

similar compared with atriotomy. Incremental risk factors

that were found to be significantly related to the occurrence

of arrhythmias in patients who underwent ventriculotomy

were: an older age at surgery; body surface area (BSA);

size of the defect; RVOT patch; and the RV/left ventricle

(LV) ratio.  For those who were repaired via a right atrial

approach, the significant factors found were: a previous

shunting procedure; BSA; and RVOT patch. Consistent

to both approaches in being risk factors are BSA and the

RVOT patch.

One interesting thing supporting the decision to make

use of atriotomy is the significantly lower prevalence of

complete right bundle branch block (CRBBB) after

atriotomy versus ventriculotomy.  This may be due to

direct injury to the main right bundle branch during

closure of the VSD or injury to the peripheral fibers by

the ventricular incision.  Thus, it is the present

recommendation to make use of atriotomy whenever

possible (Grade 1 B).16

Age as a Predictor of Outcome

BSA is more often correlated with the age of the

patient.  There has been a long-standing question on the

best timing of correction of TOF.  Some advocate an early

correction to ensure that chronic hypoxemia and stunted

growth have not set in.  Others advocate a two-staged

approach due to the inability of the infant or child to

tolerate an extensive procedure.  In the Philippines, the

surgical correction is often delayed due to financial

constraints.  The mean age at which Filipino TOF patients

have been operated on range from 5.37 to 7.72 years old.

Tetralogy of Fallot
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One outlier is found in a study done on TOF correction

in adults where the mean is at 25 years old.7

Some studies did not find any significant difference

in surgical outcome whether total correction was done

earlier than 3 years of age or even after the seventh year of

life.11,13  Others have demonstrated that patients who were

operated on at an older age found a trend towards

arrhythmia or sudden death.8

There have been fewer studies in Philippine literature

with patients being treated at younger than a year old.

Surgeons at the PHC usually do not operate with total

correction in patients below a year old because of the early

post-operative morbidity noted in these patients.4

Improvements in the critical care of neonates are

imperative to having successful surgery for these young

patients.

In general, any symptomatic patient can be operated

on at any age (Grade 1 B).11  Asymptomatic infants may

undergo repair within the first 6 months, but the parents

must be advised that reintervention is likely due to the

enlargement of the RVOT.  Relative contraindications to

early repair include marked hypoplasia of the pulmonary

arteries, prematurity, and a small body size.  Weight has

not been found as a good predictor of surgical outcome.11

For adult patients, surgery is recommended at any age

and only life-threatening comorbidities contraindicate

against surgical correction (Grade 1 B).

Diagnostic Examinations

Hemoglobin and Hematocrit

Due to the chronic hypoxemic state of patients with

TOF, increased hemoglobin is often observed.10 Studies

regarding this blood examination post-correction of TOF

has been scarce in Philippine literature.  A significant

increase in systemic oxygen saturation is noted post-

operatively with an average increase of 14.2%.7  A decline

in hemoglobin and hematocrit are therefore expected post-

operatively.  It is prudent to have a baseline reading post-

operatively after three months if there are clinical

symptoms of polycythemia (Grade 1 C).

Electrocardiography (ECG)

Preoperatively, right axis deviation with RV

hypertrophy has been noted in patients with unrepaired

TOF.  Right atrial enlargement has also been noted in

some patients.10 The rhythm preoperatively as noted

through ECG has been variable.  In one study, 24 had

sinus rhythm, five had CRBBB, and one had sinus

arrhythmia. 7

Morbidity after surgery has not been associated with

postoperative ECG findings.8 Table 4 summarizes ECG

findings observed postoperatively. The most predominant

finding is CRBBB. The incidence of CRBBB was lower

in atriotomy compared with ventriculotomy, but CRBBB

remained common among patients postoperatively.8,15,16

CRBBB=complete right bundle branch block; AV
Block=Atrioventricular block; IRBBB=incomplete right bundle
branch block; RAD=right-axis deviation; CHB=complete heart
block.

Table 4.  Post-operative electrocardiographic in Filipino Tetralogy of Fallot patients

TOTAL

CRBBB 20 32 67 12 53 184

Normal 22 14 12 48

1st AV Block 24 24

CRBBB + 1st AV Block 22 22

LAD + CRBBB 14 14

IRBBB 7 4 11

RAD 9 9

CHB 3 3

Atrial tachycardia 1 1

Bote-Nuñez
1980-1995

Villanueva
1984-1987

Del Campo
1992-1997

Daen
1994-1996

Perfecto
1996-2005
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Left axis deviation was present in some patients.  If left-

axis deviation is present, an associated atrioventricular

canal defect should be suspected.9

ECG findings should be monitored in all post-

operative patients (Grade 1 B). 17,18 Permanent pacemaker

insertion has been done in four patients, one because of

intractable arrhythmia and three for complete heart block.

Two-dimensional Echocardiography and Doppler

Studies

Most Western studies have cardiac catheterization

routinely done on all post-operative TOF patients.  The

Filipino patient is not always able to avail of cardiac

catheterization because of the cost.  Completely non-

invasive studies such as echocardiography and Doppler

should be done to identify the lesions of TOF (Grade 1

C).10  With the use of 2D echocardiography and Doppler

studies, chamber sizes, regurgitant lesions, and RVOT

pressure gradients can be monitored.

Poirier’s modified classification has been used to

monitor the surgical outcome of patients with TOF.

Group I includes those with the ideal result wherein all

the following criteria are fulfilled: the patient has no

symptoms, no restriction in activity, no known residual

VSD, no significant residual pulmonary outflow

obstruction, no reoperation and no related medications

administered at the time of follow-up.  Group II includes

those with fair results with one or more of the following:

mild symptoms with activity, mild restriction with activity,

minimal residual VSD, residual outflow gradient of 30-

50 mmHg, and a need for digoxin or diuretics.  Group

III includes those with poor results and includes any of

the following: moderate-to-severe symptoms and

restrictions, residual VSD with shunt greater than 1.5:1,

outflow gradient greater than 50 mmHg, and reoperation

secondary to any cause other than bleeding in the early

postoperative period.7,10  Of the recorded Philippine

studies, 25 patients belonged to Group I, 21 patients to

group II, and three patients to Group III.7,10

With the use of 2D echocardiography, the following

should be noted: presence of residual pulmonary stenosis

or regurgitation, residual VSD, right and left ventricular

size and function, aortic root size, and the degree of aortic

regurgitation.

Pulmonary stenosis or regurgitation and tricuspid

regurgitation are often in the mild form.  Moderate forms

of pulmonary stenosis are more common than regurgitant

lesions.6  For those patients who presented with easy

fatigability and persistent difficulty of breathing, five

required reoperation.  Pulmonary valve replacement was

performed for three patients, four and eight years after

the initial surgery.  Percutaneous balloon valvuloplasty

was performed in one patient, and infundibulectomy was

performed in another.6

The question as to the timing to replace the

pulmonary valve and perform further intervention is an

ongoing debate after TOF correction.  The clinical

Figure 1. Mortality rate of various studies recorded at the

Philippine Heart Center.

Figure 2.  Surgical approach in Tetralogy of Fallot correction

Figure 3. Mean age and range of patients at the time of

surgery
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symptoms and progression of regurgitant lesions on

Doppler studies guide the clinician in this decision.

Considering the development of RV dysfunction, early

reoperation has been advocated by some before heart failure

sets in.1  Mild lesions however can simply be monitored

to assess the progression.  RVOT pressure gradients have

not shown any significant difference between three months

and 1 to 3 years postoperatively.15  After the first year of

intervention, if the patient is clinically asymptomatic,

Doppler studies may be performed every 3 years (Grade

1 C).

Regarding residual VSD, most are trivial and do not

require reoperation. 6,10  Only one patient had been

recorded with the need for a reoperation for a residual

VSD with severe left-to-right shunting.17   Left ventricular

indices have failed to correlate significantly with

mortality.17 However, those who have lower LV end

diastolic diameter, LV end diastolic volume, and LV mass

have been shown to have significantly more postoperative

events.17  Patients thus who have lower LV indices should

be followed up more frequently (Grade 1 C).

In patients who show clinical symptoms, several

examinations may be performed.  These include stress-

testing, ECG, and 2-D echocardiography.  Serial

prolongation of the QRS duration; severe PR with a PR

index of less than 0.77; pulmonary pressure half time

less than 100 ms; RV dilatation index greater than 2;

pulmonary regurgitant fraction greater than 40%;

significant RV dilatation as suggested by index RV end

diastolic volume more than 150 mL/m2; and RV systolic

dysfunction with ejection fraction less than 40% warrant

intervention with pulmonary valve replacement (Grade 1

B).6

In a study done on various preoperative

echocardiographic variables correlating with surgical

outcome, only one parameter had a good predictive value

with a p value of 0.010.11  Mcgoon’s index is the sum of

the diameters of the left and right pulmonary arteries

divided by the diameter of the descending aorta.  A

Mcgoon’s ratio of 1.7 is defined to have the best predictive

value for good outcome and a value of 0.7 or greater is

recommended at the PHC (Grade 1 B).11

Other imaging Studies

The classic description of an uncorrected TOF on chest

radiograph is the boot-shaped heart with minimal

pulmonary vascular markings.  The boot shape is formed

by the prominent RV and the concavity in the region of

the underdeveloped RVOT and main pulmonary artery.

Normal-sized hearts are noted in patients with small VSDs

while those with long-standing uncorrected TOF often

present with RV enlargement.7,10  Post-operatively,

cardiomegaly was noted in 65% in one study.10  Another

study showed that the average cardiothoracic ratio was

0.52.15  The pulmonary vascularity was also notably

normal and only some patients had RV prominence.15

The chest radiograph is a valuable tool in guiding the

clinician in assessing cardiomegaly.

Cardiac magnetic resonance imaging (MRI) has been

used to evaluate patients after corrective surgery, and it

has been established as a non-invasive method to quantify

right and left ventricular function without radiation

exposure.3  It is considered the gold standard in measuring

RV systolic function because of the complex irregular shape

of the chamber.   Moreover, it is recommended to quantify

pulmonary, tricuspid and aortic regurgitation (Grade 1

B).12 In Filipino TOF patients who have the financial

capability to undergo cardiac MRI, it is recommended to

have at least one post-operatively to assess RV systolic

function (Grade 2 B).  However, for patients who are

financially-constrained, monitoring these patients with

2D echocardiography with Doppler studies are acceptable.

Further studies of RV systolic function and 2D

echocardiography are encouraged in the Philippine setting.

Complications

Of the studies that recorded complications, the

percentage of TOF patients who experienced

complications was 65% of 296 patients.7,8,10,16

Serious postoperative complications are arrhythmias

and sudden cardiac death (SCD).1,6 Serious ventricular

arrhythmia has been related with greater age at operation

and longer interval after surgery, although this has not

been found to be clinically significant.16  Elevated RV

pressure and ventriculotomy have been identified as

significant risk factors for ventricular arrhythmias.6,16  A

significant correlation has been found between RV size

and QRS duration.6  A resting ECG with a QRS duration

of 180 milliseconds or more has been considered as a

sensitive predictor of life-threatening ventricular
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arrhythmias. 1,9,12,19  The QRS prolongation reflects RV

dilatation rather than an increase in mass as seen in

hypertrophy.6  ECG and 2D echocardiography

monitoring of RV function in all postoperative TOF

patients is recommended (Grade 1 C). The overall

prevalence of ventricular arrhythmias in post-operative

Filipino TOF patients was higher (58%) than those

reported in literature (18%).16  This may be due to the

trend of performing repair in older children, wherein RV

failure mostly has set in.  Patients who had their operations

delayed after the eighth year of age were found to be more

susceptible to these arrhythmias when ventriculotomy was

performed, but there was no difference found with the

transatrial approach.16 Thus, it is important to emphasize

the need to use atriotomy in older patients to lessen the

risk of ventricular arrhythmias and SCD (Grade 1 B).

CRBBB post-correction was common.  Complete heart

block was documented in 61% of 254 patients.8,10,16  Only

three patients required permanent pacemaker

implantation.6  In the immediate post-operative period,

unifocal isolated premature ventricular contractions

occurring outside the T waves and less than six times in a

minute were not found to increase the risk of death and

was found to be compatible with normal convalescence.5

The challenge to the clinician is to distinguish the unique

ECG pattern of the post-operative TOF patients and

identify those who are at high risk of developing fatal

arrhythmias.  Twenty four-hour monitoring has been

recommended to detect potentially life-threatening

arrhythmias (Grade 1 C).6  The finding of prolonged QRS

duration (e” 180 ms) requires re-intervention in the form

of an implanted defibrillator (Grade 2 B).

Post-pericardiotomy syndrome was a problem in the

early post-operative period.8  In post-pericardiotomy

syndrome, the patient may present with a low-grade fever

and chest discomfort days to months after the operation.

Mild leukocytosis and pleural effusion on chest radiograph

may be found.  First-line treatment is the use of non-

steroidal anti-inflammatory drugs for 2 to 3 weeks, with

response within 48 hours (Grade 1 B).12

Infective endocarditis was found to be a major cause

for late deaths.8  In patients with unrepaired and palliated

TOF, antibiotic prophylaxis to be given indefinitely is

appropriate (Grade 2 C).9  For those who have had

definitive repair, antibiotic prophylaxis is recommended

for six months after the placement of prosthetic material

or device (Grade 1 C).9  Exceptions to these are patients

who have a residual defect at or adjacent to a prosthetic

material, or those with a pulmonary valve replacement.

For these patients, antibiotic prophylaxis should be

continued indefinitely (Grade 2 C).9

In unoperated TOF patients, a life-threatening

complication is the tet spell.  These severe hypoxic

episodes can be brought about by stress, anxiety, and

exercise and is a particular problem during the first 2

years of life.20  A sudden decrease in the systemic vascular

resistance producing a large right-to-left ventricular shunt

initiates a tet spell.  Positioning, calming the patient and

pharmacologic treatment are done to alleviate these

episodes.  Pharmacologic treatment includes sodium

bicarbonate, morphine sulfate, and oxygen inhalation

(Grade 1 B).20 The use of esmolol, a short-acting beta-

antagonist, is effective and well-tolerated.  There is a

significant decrease in cardiac rate and respiratory rate

seen as early as 3 minutes of the observational period with

standard treatment plus esmolol.

An important effect of chronic hypoxemia in TOF

patients is its impact on the development of the child.  A

study that looked into the cognitive function in relation

to preoperative variables noted that only verbal subtest

scores had significant relationship with the timing of

surgery.  Those operated later than 5 years old scored lower

in the verbal test.18  However, all patients got below average

scores on intelligence tests whether they were operated

before or after 5 years old.18   Emphasis on the education

of these children and possible speech therapy should be

brought up with the parents early in life (Grade 1 C).

I.  CONCLUSIONI.  CONCLUSIONI.  CONCLUSIONI.  CONCLUSIONI.  CONCLUSION

Because of the growing number of TOF patients who

have undergone repair, it is important to have a consistent

follow-up.  It is recommended to have an annual check-

up with an expert cardiologist whose interest is in CHD

(Grade 1 C).12  Often, patients are lost to follow-up

because they are asymptomatic.  It should be emphasized

therefore during the early post-operative period that

despite the lack of symptoms, it is pertinent to follow-up

because of the late complications that develop.

Reintervention has been recommended in patients

with residual VSD with a shunt of greater than 1.5:1;
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with residual pulmonary stenosis with RV systolic pressure

of at least  2/3 of systemic pressure; with severe pulmonary

regurgitation with RV dilatation or dysfunction; with those

who have exercise intolerance; and with those who have

sustained arrhythmias, substantial LV dysfunction or QRS

longer than 180 ms, significant aortic regurgitation with

symptoms or progressive LV dilatation, aortic root

enlargement larger than 55 mm, and rapidly enlarging

RVOT aneurysm (Grade 1 B).3,12   With the growing

number of surviving TOF patients, future studies on

reintervention are recommended.

As this review has aimed to discuss TOF and its

context in the Philippines, it is limited by the fact that

some of the data have overlapping time frames and this

might have affected the results.  The data regarding the

topic has mostly been descriptive; thus, the

recommendations offered by the authors are also limited

by the lower level of evidence of the data gathered.  This

emphasizes the need for further studies in the various

topics that have been presented.  Publication bias has

been avoided because of the inclusion of studies which

have remained unpublished.

Overall, surgical outcome of TOF patients is generally

good in the Philippines.  What should be emphasized

though is the need for earlier intervention since the trend

is correction at a later stage.  Follow-up with ECG and

2D echocardiography are highly recommended.   Annual

examinations with a cardiologist trained in CHD should

be emphasized to prevent the development of irreversible

complications.
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