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INTRODUCTION

Tetralogy of Fallot (TOF) is one of the most common forms of
cyanotic congenital heart disease (CHD) with a prevalence of
0.26 per | 000 live births. Significant advances have been made in
the surgical repair of this defect with 90% of patients surviving
to adulthood."” The surgical techniques vary depending on the
complexity of the underlying anatomy. The surgical approach can
be either a single stage repair or a 2 stage repair. The latter consists
of an initial palliative procedure called a Blalock-Taussig (B-T) shunt,
central shunt (Potts or Waterston shunt) or placement of a stent
in the right ventricular outflow tract (RVOT) in selected cases,

followed by a complete repair at a later stage.??

Pulmonary regurgitation (PR), one of the most frequent compli-
cations after surgical repair of TOF, was for a long time thought to
be well tolerated.("¥ Over time, evidence has emerged that severe
PR post-repair of TOF has detrimental effects on the right ventricle
(RV) and it is not the benign lesion it was thought to be.*® In the
early post-operative period, children appear to tolerate severe PR

very well. However, it does seem that a prolonged volume over-

An audit of surgical repair of
Tetralogy of Fallot in an African
tertiary care centre

ABSTRACT

Background: For patients undergoing Tetralogy of Fallot
(TOF) repair at institutions in sub-Saharan Africa, data on
type of surgical repair, operative mortality and important
determinants of outcome such as age at operation and
development of pulmonary regurgitation (PR) post-repair
is scanty.

Objective: To describe the outcomes of children diagnosed
with TOF who underwent surgical repair at our center with
emphasis on post-operative PR.

Methods: This was a retrospective cohort study undertaken
from | January 1994 to 31 December 2003 at Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH). The
descriptive analysis of the clinical audit was done in 2010.
Results: Fifty four (75%) patients were operated upon: 50
(92.5%) had complete repair and 4 (7.4%) had a palliative
procedure in the form of a Blalock-Taussig (B-T) shunt.The
median age for corrective surgery was 39.5 months.
Twenty out of 50 (40%) patients had simple repair, 10 (20%)
had repair which included pulmonary valvotomy, 15 (30%)
had a transannular patch (TAP) repair with or without
monocusp and 5 (10%) had conduit insertion.

An evaluation of severe PR among all the repair groups in
the immediate post-operative period (<I| year) revealed
that 5 out of 15 (33.3%) patients who had TAP repair
developed severe PR, whilst no severe PR was noted in the
simple, pulmonary valvotomy and conduit repair groups.
During the intermediate post-operative period (I - 5 years),
severe PR was documented in 4 (27%) patients with TAP
repair, 2 (10%) with simple repair and 2 (20%) in the pul-
monary valvotomy group only. In the long term period
(>5 years), severe PR was documented in 3 (30%) patients
with pulmonary valvotomy, 8 (53%) who had TAP repair,
2 (10%) patients with simple repair including | (20%) patient
with a xenograft conduit.

One out of 50 (2%) surgically corrected patients who had a
complex anatomy died in the immediate post-operative
period. Twenty eight out of 50 (56%) patients who had
complete correction were lost to follow-up.

Conclusion: Surgical correction occurs much later in infancy
and childhood compared to developed countries. Severe
PR is a serious complication strongly associated with all
types of surgical repair of TOF and these patients require
lifelong follow-up. Despite the small sample size, the
operative mortality compares favourably to first world
centers. SAHeart 2013;10:520-525




load on the RV caused by severe PR results in progressive deteri-
oration of myocardial function, arrhythmias and risk of sudden
cardiac death.®4® The volume overload on the RV in turn results in
the development of RV dilatation, tricuspid regurgitation (TR) and
right atrial enlargement which has been shown to improve with

pulmonary valve replacement (PVR).®”

The optimum timing for PVR is not yet certain, especially in
asymptomatic patients with severe PR.G” However, the guide-
lines for PVR in the symptomatic group of patients have been
established.”? Symptomatic patients who undergo a PVR pro-
cedure experience a marked improvement in their symptoms. In
addition, it has also been noted that RV function assessed by
echocardiography (ECHO) improves and cardiomegaly diagnosed
on Chest X-Ray (CXR) reduces after treatment of the PR Right
ventricular dysfunction may persist if treatment is delayed and left

too late.5”

Very little information exists regarding the follow-up of children
with TOF post-surgery on the African Continent in the modern day
era and how their outcomes compare to other more resource
replete institutions in the first world. Therefore, a descriptive
retrospective analysis was undertaken to assess the outcomes of
children diagnosed with TOF, who were referred to Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH) which is a sub-
Saharan tertiary care center for surgical repair of their cardiac

defects, with emphasis on the development of post-operative PR.

PATIENTS AND METHODS

Patients

A retrospective clinical audit of patient files with a diagnosis of
classical TOF at CMJAH who underwent surgery between | January
1994 and 3| December 2003 was undertaken. Classical TOF is
described as: subvalvar / valvar / supravalvar pulmonary stenosis (PS)
with a ventricular septal defect (VSD), aortic override and right
ventricular hypertrophy (RVH). All patients with TOF with absent
pulmonary valve syndrome and pulmonary atresia with VSD were

excluded.

Ethics approval was obtained from the University of Witwatersrand

Ethics Committee.

Methods

Three categories of data were extracted from each patient file. The
first category was demographic data consisting of age at first visit,
sex and ethnic group. The second category was operative data with
the following descriptions: initial palliative surgery followed by cor-

rective surgery, primary corrective surgery, age at palliation, age at

corrective surgery, anatomic findings recorded in the surgical
reports, surgical technique used: simple repair, transannular patch
(TAP) repair, conduits or pulmonary valvotomy, follow-up and
mortality data. The third category of data collected was specific
post-operative follow-up details of PR detected on ECHO.

Data on quantification of PR, as determined by colour flow Doppler
mapping techniques, was extracted. The pressure half-time variable
was not collected because this modality of assessing PR was utilised

much later in our institution.

Pulmonary regurgitation was assessed during 3 post-operative time
intervals as follows: the immediate post-operative period (<| year);
intermediate post-operative period (I - 5 years) and long term

period (>5 years).

Definitions

The measurement of PR by colour flow Doppler refers to the
retrograde flow into the RV during diastole. The severity of PR was
assessed qualitatively by visualising the extent of the PR jet width
into the RV and was then graded as mild, moderate and severe
according to the recommendations as set out by the European

Society of Cardiology.®

The local definitions of the various repair techniques are described

in Table | and listed below:

B Simple Repair: This technique entails closure of VSD and
resection of infundibular muscle bundles with or without RVOT

patch only.

B Complex Repair: This is undertaken for more complex
anatomy which includes multilevel areas of obstruction in the
RVOT usually associated with a hypoplastic pulmonary valve
and z score <-2. The repair includes a TAP repair, with or
without inclusion of a monocusp valve, or a conduit insertion
using a homograft or xenograft. A pulmonary valvotomy is
undertaken if the surgeon is satisfied with the adequacy of
the pulmonary valve annulus. A Hegar's dilator is used to assess
the size of the pulmonary valve annulus followed by a pulmo-
nary valvotomy in the case of pulmonary valve stenosis. In the
majority of the cases, the surgical approach was through a

ventriculotomy.

Statistical method

The data obtained was entered onto an Excel spreadsheet and
statistical analysis was done using a statistical software package
STATA 10.0. Descriptive statistics of patient demographics were
undertaken. Comparisons of groups were made using the Chi-
square where applicable. A p-value <0.05 was accepted to indicate

a significant difference between patient groups.
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TABLE |: Summary of anatomic findings at surgery and
repair technique

Type of rep Type of anatomy Total number
(n=50)

MR+RVOT patch Simple: Infundibular stenosis only 20 (40%)

MR+RVOT patch+ Complex: PV stenosis 10 (20%)

pulmonary valvotomy

MR+RVOT patch+ Complex: Multilevel stenosis 7 (14%)

TAP

MR+RVOT patch+ Complex: Multilevel stenosis 8 (16%)

TAP+Monocusp

Homograft Complex: Multilevel stenosis 2 (4%)

Xenograft Complex: Multilevel stenosis 3 (6%)

MR = muscle resection; RVOT = right ventricular outflow tract; TAP = transannular patch.

RESULTS

Database search

Figure | is an illustration of the process of patient selection. A total
of 54 patient files were suitable for analysis. Fifty four patients (75%)
were operated: 50 (92.5%) had complete repair and 4 (7.4%) had
a palliative B-T shunt as their only operation. Forty eight patients
out of 50 (96%) underwent a primary repair and 2 (4%) had an

initial B-T shunt prior to complete repair of their defects.

1 » 51 (29%) Files missing

125 (71%) Files located

|
.

72 (57.6%) Patients met inclusion criteria

\

53 (42.4%) Excluded

l » 18 (25%) Not operated

54 (75%) Patients were operated —¢

Complete repair 4 (7.4%) BTS only

Y v

48 (88.9%) Primary repair 2 (3.7%) Repair + BTS

FIGURE |I: Summary of database search

Description of clinical demographics of patients who
underwent TOF repair

Twenty nine patients (58%) were males and 21 (42%) were
females. The median age at surgical repair was 39.5 months (range,
3 - 210 months) as shown in Table 2. There was no statistical
difference when comparing the proportions of patients with simple
and complex anatomy between male and female patients, p=0.05

as shown in Table 3.

Analysis of post-operative severe PR

Fifteen (30%) patients had a TAP repair, 20 (40%) had a simple
repair, 10 (20%) had pulmonary valvotomy and 5 (10%) had
insertion of either a homograft or xenograft conduit as shown in
Table I. A summary of the patients who had documented ECHO
evaluation of the severity of PR during the three time intervals
after operation is shown in Table 4. Severe PR manifested early
in the immediate post-operative period (<| year) in 5 (33.3%) of
the TAP repair group but not in the simple, conduit and pulmo-

nary valvotomy repair groups. During the intermediate period

TABLE 2: Demographic data of patients with repaired

Variable Number %
Male sex 29 (58%)
Race
Black 37 (74%)
White 5 (10%)
Indian 4 (8%)
Coloured 4 (8%)
Repair age groups in months
0-6 | (2%)
7-24 15 (30%)
25-48 13 (26%)
49 -72 Il (22%)
73-96 5 (10%)
97 - 120 2 (4%)
121 - 167 0 (0%)
168 - 250 3 (6%)
Median repair age
Months 39.5
Range 3-210
IQR range (25 - 75) 20 - 68

TABLE 3: Comparison of simple and complex anatomy

Simple anatomy
)

Complex anatomy
5 «

] % n % P
Female 5 23.8 16 76.2
0.05
Male 15 51.7 14 48.0

*Level of difference by x? andlysis.




TABLE 4: Comparison of severe PR for the 4 types of
repair techniques

Variable TAP repair Simple repair Valvotomy Conduits
(n=15) (n=20) (n=10) (n=5)
Severe PR
<l year 5 (33.3%) 0 (0%) 0 (0%) 0 (0%)
post op
| - 5 years 4 (27%) 2 (10%) 2 (20%) 0 (0%)
post op
>5 years 8 (53%) 2 (10%) 3 (30%) I (20%)
post op

(I - 5 years), severe PR was documented in 4 (27%) of the TAP
repair patients, 2 (20%) of pulmonary valvotomy and 2 (10%) of
the simple repair groups. During the long term follow-up period
(>5 years), severe PR was found in 8 (53%) patients who had
undergone TAP surgery, 2 (10%) with simple repair and in 3 (30%)
patients that had had pulmonary valvotomy surgery. One out of
5 (20%) patients with conduits progressed to severe PR and this

is discussed in the section below.

Analysis of subgroup repaired with conduits

A total of 5 out of 30 (16.7%) patients in the complex anatomy
category had conduits inserted at the initial surgery. Two out of
5 (40%) patients had homografts and 3 (60%) had xenografts
inserted. Post-operative echo data was available for the 2 patients
with homografts and only | xenograft recipient. In the immediate
post-operative period, both patients with the homograft conduits
had mild PS and no PR documented on ECHO. One patient
developed moderate PR and remained with mild PS in the inter-
mediate follow-up period. For the long term period, one of the
homograft recipient patients progressed to moderate PS and mild
PR following calcific degenerative changes that occurred within the
homograft conduit and the other patient had no ECHO data
captured during the long term period and is lost to follow-up. The
patient with a xenograft developed mild PR and PS during the
immediate post-operative period. The degree of PR and PS was
both recorded as moderate in the intermediate post-operative
period and both PR and PS became severe in the long term period.
This patient was eventually lost to follow-up, but was documented

to be asymptomatic at the last visit.

Symptomatic patients

Three out of the 50 (6%) patients who underwent correction
developed symptoms, 2 (66.7%) of which underwent TAP surgery
and | (33.3%) which had a pulmonary valvotomy. The main
symptoms recorded were effort intolerance and chest pain. Two
out of the I5 (13.3%) patients who had previously had a TAP

repair, required a PVR 6 to |3 vyears after the initial surgery.
In addition, the patient who was re-operated much earlier after
6 years had a residual right pulmonary artery (RPA) stenosis.
One patient who had had a previous pulmonary valvotomy was
awaiting a PVR at the time of this audit.

Patient follow-up

Figure 2 is a flow diagramme depicting the follow-up of patients. A
total of 28 out of 50 (56%) surgically corrected patients were lost
to follow-up (LFU), 2 (4%) patients were transferred to an adult
cardiology clinic and 20 (40%) are still being followed up at the

outpatient cardiac clinic.

Peri-Operative Mortality
One out of 50 (2%) surgically corrected patients with complex
anatomy died during the immediate post-operative period following

insertion of a xenograft.

DISCUSSION

This current study is a documentation of the experience of one
centre in the sub-Saharan region which highlights the established
knowledge that PR is a frequent complication following repair of
TOF. The retrospective nature of the study hindered adequate data
collection and therefore did not permit a comprehensive statistical
analysis. Nevertheless, sufficient data was obtained to make com-
parisons with other tertiary centers offering surgical correction to
patients with TOF.('"® The male predominance in patients with TOF

is consistent with previous studies in other parts of the world.©*'®

In South Africa and sub-Saharan Africa, many patients present at an
advanced stage of their disease, especially amongst the disadvan-
taged populations who have poor access to proper medical care.

Consequently many children with CHD living in poorly resourced

n=50 (92.5%)
Complete correction

n=4 (7.4%)
B-T Shunt only

n=28 (56%)  n=2(4%)  n=20(40%)
LFU T/F adults FU

FIGURE 2: Flow diagramme of patient follow-up

LFU = lost to follow-up; FU = follow-up; T/F = transfer to adults;
BTS = Blalock-Taussig Shunt.

52
o
N
—
2
=
=

™
o
o]
E
=]
z
L]
o
[0}
£
2
(¢
P

sa‘Jheart

523




SURGICAL REPAIR OF TETRALOGY OF FALLOT

524

communities are likely to die undiagnosed or lost to follow-up after
the diagnosis has been made. In contrast, high income countries
report the highest birth prevalence of CHD because of early clin-
ical detection in the antenatal period and during infancy. Such data
are unavailable for low income countries because of lack of
resources.!') Likewise, the diagnosis of TOF has evolved remarkably
with the majority of cases being detected during fetal life in
developed countries.? Although there is no consensus regarding
the optimum timing for surgical correction,'? most centers under-
take surgical repair of the defect between 3 to 6 months of age.?
Neonatal surgery is usually reserved for infants with hypercyanotic
spells or severe cyanosis.? The median age at first presentation in
the study cohort was |3 months and the median age at surgical
repair was 39.5 months. The youngest patient to have corrective
surgery was 3 months old, whilst the oldest was |7 years old.
Surgical outcomes compare favourably with the developed
world;®'® however there is a much earlier detection of patients

mainly in the antenatal period in the first world countries.®

A significant proportion (78%) of the study patients, as shown in
Table 2, underwent primary repair during infancy and early child-
hood which is thought to be related to the improvement in surgical
skills over time resulting in successful post-operative outcomes of
younger patients with TOF.4'39 However, similar results in primary
repair of TOF in the neonatal period have not been achieved at
the same level as other centers with better resources and infra-

structure.('?

The majority of patients (60%) in this study were found to have
complex anatomy at the time of operation, similar to other
studies,("® requiring various forms of complex repairs that incor-
porate a TAP, pulmonary valvotomy or conduit insertion. The
remaining 40% underwent simple repairs for less complex TOF
anatomy. One study differed in their findings, with the majority of
their patients (66%) undergoing a simple repair and the remainder
(319) having a complex repair in the form of a TAP.(9 The disparity
occurred because the authors in that study included pulmonary
valvotomy as part of a simple TOF repair. Furthermore, a com-
parison of the proportions of patients with simple and complex
anatomy between male and female patients revealed no statistical

difference, p=0.05 as shown in Table 3.

Pulmonary regurgitation, which is a frequent complication following
repair of TOF has recently been shown to be detrimental to the
RV, hence the move to earlier PVR in selected cases.**'%'% The
effects of a prolonged volume overload on the RV caused by
severe PR results in progressive deterioration of myocardial

function, RV dilatation, TR, arrhythmias, effort intolerance and risk

of sudden cardiac death.®%® The most common surgical procedure
undertaken during TOF repair which is associated with severe PR
is a TAP repair. Eight out of 15 (53%) patients who had TAP repair,
developed severe PR in the long term period as shown in Table 4,
two of whom required a PVR. One of these patients required a
PVR 6 years after the TAP and also had RPA stenosis. The com-
bination of PR and residual distal stenotic lesions has a more
adverse effect on the RV than PR alone, often requiring earlier
intervention. In contrast, the second patient with severe PR and no
associated stenosis went thirteen years following a TAP repair
before needing a PVR, after which his reduced effort tolerance

and functional status improved dramatically.

The reduced durability of RVOT prosthesis in 3 out of 5 study
patients who had valved conduits inserted during their initial repair
was noted. The 2 patients who had homografts inserted, developed
a combination of mild to moderate PS and PR over time. Neither
of the patients progressed to severe PR. The patient with the
xenograft progressed to severe PS and PR in the long term period.
Although the overall durability of most RVOT prosthesis is gen-
erally limited to 5 - 10 years at the most,!>'® none of the study
patients with valved conduits, including the patients lost to follow-
up, have had re-operation. These patients had a minimum

follow-up of | yearto |0 years at the most post-surgery.

A surprising finding was the development of severe PR in 2 patients
who underwent a simple repair (infundibular muscle resection and
RVOT patch) more than 5 years post-surgery. The patients were
asymptomatic at the last follow-up visit. A possible mechanism may
be an aggressive infundibulectomy resulting in aneurysmal dilata-
tion of the RVOT which is associated with akinetic regions and

poor forward flow.®”

This study has corroborated the findings of other studies, as
mentioned before, that PR and RV dilatation in the immediate post-
operative period does increase in severity over time after TAP
repair and in some cases following simple repairs. Unfortunately,
the development of PR may occur following all types of repair and

cannot be avoided altogether.©

The most plausible explanation for the poor follow-up of the study
patients is two-fold. Firstly, it is likely that the patients’ symptoms
improve after surgery and that they therefore do not feel compelled
to return for routine check-ups until problems re-surface. Secondly,
it may be that socio-economic conditions hinder compliance with
follow-up hospital visits. A study done in China, which is classified
as a developing economy similar to South Africa, has similarly
attributed poor follow-up in their cohort of patients to financial

constraints.('”)




Overall peri-operative mortality for repair of TOF has declined
drastically since the early surgical era from 40% in 1954,% to 2%
at the end of the twentieth century.!'® The long term survival rate
of 90 - 93% for patients with repaired TOF closely approximates
that of the normal population.!"? It is encouraging that the peri-
operative mortality of 2% achieved by the study center is com-

parable to that attained by other first world centers.('®

LIMITATIONS

The retrospective nature of the study design has affected the
strength of the audit. Several factors such as loss to follow-up and
absence of crucial echocardiographic data relating to the timing and
severity of PR in some patients have possibly reduced the validity of

the patient outcomes.

CONCLUSION AND RECOMMENDATIONS

Despite the study's shortcomings, the findings do support com-
parable peri-operative mortality to more resource replete centers.
In addition, there is confirmation of well-established evidence from
first world institutions that severe PR is frequently associated with
TAP repair but may also occur in patients undergoing other types
of repair. Patients with severe PR require frequent assessments to

decide the appropriate timing for PVR.

Features of the study that are not consistent with the developed
world are that patients with TOF present much later in infancy and
childhood as a result of lack of awareness by care givers and sub-
optimal detection rate at primary care level. The importance of
follow-up of the patients needs to be better communicated to their
families and the public at large in order to reduce the high attrition
rate post-surgical correction of CHD from continued medical care.
The development of medical technology presents an opportunity
to follow the progression of patients with severe PR post TOF
repair using more advanced ECHO techniques and cardiac magnetic
resonance imaging. These newer modalities may assist decision
making regarding a more timely intervention to prevent possible

adverse effects of severe PR on the RV.

Conflict of interest: none declared.
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