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ABSTRACT
Low- and middle-incomes countries (LMICs) have limited resources for
the diagnosis and treatment of congenital heart diseases such as te-
tralogy of Fallot. This is in part due to lack of infrastructures, financial
means, and expertise. As a result, patients undergo surgery much later
than in high-income countries. This delay in treatment results in right
ventricular dysfunction, cardiac arrhythmias, and poor psychomotor
developmentdcomplications that are all related to chronic hypoxia.
There are limited data and a few small studies of patients treated for
tetralogy of Fallot in LMICs, and, therefore, the aim of this review is to
analyse and summarize the surgical outcomes of this LMIC population.
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R�ESUM�E
Dans les pays à revenu faible ou interm�ediaire (PRFI), les ressources
sont limit�ees pour diagnostiquer et prendre en charge les cardiopa-
thies cong�enitales comme la t�etralogie de Fallot. Cette situation est
attribuable en partie au manque d’infrastructures, de moyens finan-
ciers et d’expertise. Les patients subissent donc une correction chi-
rurgicale beaucoup plus tard que dans les pays à revenu �elev�e. Les
d�elais de traitement peuvent entraîner une dysfonction ventriculaire
droite, une arythmie cardiaque et des problèmes de d�eveloppement
psychomoteur : des complications toutes li�ees à l’hypoxie chronique. Il
existe des donn�ees limit�ees et quelques �etudes de faible envergure sur
des patients trait�es pour une t�etralogie de Fallot dans les PRFI. L’ob-
jectif du pr�esent article de synthèse est donc d’analyser et de r�esumer
les issues des interventions chirurgicales dans les PRFI pour cette
population.
Tetralogy of Fallot (ToF) is the most frequent cause of cyanotic
heart disease, accounting for 3%-5% of all congenital heart dis-
eases (CHDs), and has an incidence of 0.28-0.34 per 1000 live
births.1,2 The overall incidence of ToF has remained quite stable
over the last 15-20 years. Nevertheless, there are significant dif-
ferences across the globe in terms of incidence, with Asia
reporting the highest incidence and Africa the lowest.3 Several
factors may explain these observations. Notably, health care
access differs significantly from one region to another. Further-
more, genetic, environmental, and economic factors may also
have a role in disease development and incidence.
Tremendous progress has been made in the surgical
management of patients with ToF, enabling over 85% of
these patients to reach adulthood.4 Surgical correction of ToF
is generally performed in patients in high-income countries
(HICs) between 3 and 11 months of age with excellent
perioperative results and a hospital mortality rate of approxi-
mately 1% in the current era.5,6 The benefits of early man-
agement include better long-term cardiac function and
enhanced development of pulmonary arteries due to restora-
tion of blood flow.7 Early correction also avoids exposing the
right ventricle (RV) to systemic pressures for an extended
period, reducing the risks of RV failure and cardiac arryth-
mias.8 Ultimately, this approach also has positive impacts on
kidney function, cognitive development, and psychosocial
outcomes.9,10 Unfortunately, in low- and middle-income
countries (LMICs; defined by the World Bank as a gross
national income per capita of <CAD$4465), many obstacles
may come in the way of early ToF correction.11 Delayed
diagnosis due to the scarcity of congenital cardiology experts,
lack of infrastructures, and lack of financial resources are
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Figure 1. Paediatric cardiac surgeons per million population registered with the Cardiothoracic Surgery Network (CTSNet) in August 2017
(n ¼ 3858). From Vervoort et al.14
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among the hurdles found in most of these countries.12,13

Globally, a recent study using the Cardiothoracic Surgery
Network data estimated that many countries, particularly in
Africa, do not have a paediatric cardiac surgery centre despite
that their populations sometimes exceed 70 million.14 There
are also major disparities in the distribution of congenital
heart surgeons, with a rate of 0.08 surgeons per million vs
2.08 surgeons per million inhabitants in sub-Saharan Africa
and in North America, respectively (Fig. 1). As a result, there
are approximately 2.5 million people in need of cardiac sur-
gery in low-income countries.14 Although the number of
deaths due to CHD decreased worldwide by around 34%
between 1990 and 2017, there were still >260,000 deaths
caused by CHD in 2017.15 Furthermore, there are great
disparities depending on the country’s income and socio-
demographic category. The sociodemographic index (SDI) is a
composite indicator of a country’s development status. It in-
cludes the total fertility rate under the age of 25, the mean
education of those aged 15 and older, and the distributed
income per capita. This measure developed by the Global
Burden of Disease Study group is strongly correlated with
health outcomes.16 In low-SDI countries, the age-
standardized mortality per 100,000 individuals decreased by
10.6%, whereas high-SDI countries experienced a 61.7%
decrease in CHD-related deaths over the same period.

In this article, we will discuss the differences in clinical pre-
sentation and surgicalmanagement focusing onpatientswithToF
betweenLMICs andHICs, highlight the experience of congenital
surgeons working in Sub-Saharan Africa, review current surgical
results, and discuss potential avenues for improvement.
Burden of Disease
The limited literature data available can be divided into: (1)

reports from patients operated on in LMIC surgical centres, (2)
reports from LMIC patients operated on in HIC centres, and
(3) reports from LMIC multicentre collaborative databases. A
summary of the current literature is presented in Table 1. Pa-
tients from LMICs exhibited a higher number of symptoms
due to prolonged hypoxic exposure. Indeed, more than half of
the patients experienced dyspnea, syncope, chest pain, and
seizures.12,13,17,21e23 In HICs, patients are typically operated
pre-emptively between 3 and 11 months or as an emergency
after the appearance of ToF spells. In contrast, the International
Quality Improvement Collaborative for Congenital Heart
Disease (IQIC), a study regrouping >2000 patients from 32
centres in 20 LMICs, found that 54% of patients operated on
for ToF were over 1 year old. However, this study only
included patients younger than 18 years, which may underes-
timate the true mean age of ToF operation in LMICs.19

Indeed, the limited data from LMICs suggest that the mean
age of repair is instead between 4.7 and 21 years. Based on our
humanitarian experience (with Ste-Justine au Coeur du Monde
for almost 20 years with missions in Morocco, Senegal,
Ethiopia, South Africa, and Egypt), these metrics are more
representative of the reality in LMICs.13,17,21,22

This delay in treatment has several impacts. Benbrik
et al.13 conducted a study in France where they compared
patients operated on for ToF in France with patients from
LMICs who were operated on in the same department
(through the nonprofit organizations La Chaîne de l’Espoir or
M�ec�enat Chirurgie Cardiaque). The patients from LMICs
were operated on significantly later and had a significantly
lower body mass index Z-score at the time of the intervention
than the French patients.13 Furthermore, patients from
LMICs had a lower oxygenation rate and a higher haematocrit
than French patients due to sustained hypoxia.

Chronic cyanosis also leads to the development of systemic
collaterals in addition to pre-existing major aortopulmonary
collateral arteries (MAPCAs). This complication affects over



Table 1. Summary of the current literature on ToF surgical treatment in LMICs

References Patient population Country of origin Main outcomes

Bisoi et al.17 � 284 patients
� Mean age at the time of surgery:

mean 19.4 � 2.5 years

India � 10-year survival ¼ 82.88% � 3.80%
� Risk of early mortality: preoperative

NYHA class, high postoperative PRV/
LV ratio (>0.5), and RVOT gradient
>50 mm Hg

Tchoumi et al.12 � 22 patients
� Mean age at the time of surgery:

9.18 � 6.5 years

Cameroon � Perioperative morbidity ¼ 9%
� No late death
� RVOT gradient ¼ 29 � 1.5 mm Hg in

the acute postsurgical period
Diop et al.18 � 40 patients

� Mean age at the time of surgery:
7 years (range: 11 months to
18 years)

Patients operated during
humanitarian missions in Senegal

� Perioperative mortality ¼ 22.5%
� There is an urgent need to operate these

patients earlier and ensure better post-
operative care

Benbrik et al.13 � 47 patients from LMICs and
90 French patients

� Mean age at the time of surgery:
57.6 � 38.4 months in patients from
LMICs vs 8.3 � 9.1 months in French
patients (P < 0.0001)

Patients referred to the CHU of Nantes
through La Chaîne de L’Espoir or
M�ec�enat Chirurgie Cardiaque

� Patients from LMICs present with more
comorbidities and are usually more
symptomatic

� No difference between patients from
LMICs and French patients in terms of
postoperative mortality and morbidity

Sandoval et al.19 � 2164 patients from 32 centres
� Mean age at the time of surgery:

1 year (range: 0.7-2.2 years)

20 different LMICs
� Pakistan
� India
� Columbia
� Russia
� China
� Afghanistan
� Dominican Republic
� Brazil
� Argentina
� Costa Rica
� Malaysia
� Ukraine
� Mexico
� Peru
� Serbia
� Belarus
� Vietnam
� Uganda
� Guatemala
� Bangladesh

� Overall mortality: 3.6%
� Age at the time of repair was not iden-

tified as a predictor of mortality
� Low weight (<5th percentile) and low

saturation were both associated with
increased risk of mortality

Heinisch et al.
(2019)20

� 25 patients
� Mean age at the time of surgery:

70.8 � 42 months

Patients from LMICs referred to the
Inselspital Bern through a humanitarian
programme

� Perioperative mortality ¼ 0%
� Late correction of ToF can be safely

performed in older children with excel-
lent early postoperative results and low
mortality

� A valve-sparing correction should be
considered for those patients

Bamigboye-Taiwo
et al.21

� 72 patients
� Mean age at the time of surgery:

4.7 � 4.0 years

Nigeria � Less than half of the patients had
corrective surgery

� Average age at the time of corrective
surgery was 5.13 years (range: 1.1-17
years)

� The current health care infrastructure in
Nigeria is unable to cope with the care
and treatment of this large number of
children with CHD

Bhushan et al.22 � 45 patients
� Median age at the time of surgery:

21 years (range: 15-44 years)

India � 42% of patients with long-standing
hypoxia have significant MAPCAs

� All these patients should have preoper-
ative catheterization

Souaga et al.23 � 19 patients
� Mean age at the time of surgery:

7.4 � 4.52 years

Ivory Coast � Perioperative mortality ¼ 10.5%
mortality

� Perioperative morbidity ¼ 17.6% of
right heart failure, low cardiac output ¼
11.8%, and transient complete AV
block ¼ 5.9%

AV, atrioventricular; CHD, congenital heart disease; CHU, Centre Hospitalier Universitaire; LMIC, low- and middle-income country; MAPCA, major aor-
topulmonary collateral artery; NYHA, New York Heart Association; PRV/LV, right ventricular-left ventricular systolic pressure ratio; RVOT, right ventricular
outflow tract; ToF, tetralogy of Fallot.
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Table 2. Overview of the surgical aspect of ToF repair in LMICs

Surgical approach Special considerations

Staged procedure � Often reserved for young patients with severe
RVOT obstruction

� Most often performed with a BTT shunt
� Relatively high risk of thrombosis associated

with a BTT shunt24e26

� Transannular patch is another option
� All palliative surgeries require close patient

follow-up, which may be difficult in certain
settings

� Ductal and infundibular stenting may be
considered in the absence of surgical expertise,
but these procedures are associated with high
rates of dysrhythmias and intimal hyperplasia27

Complete repair � Most patients over the age of 3 months are
candidate for complete repair22

� In patients with MAPCAs, higher pump flow
and lower target body temperature (28�C-
30�C) will be required

� A vent is often necessary to keep the field dry in
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40% of patients in LMICs, which is 20 times higher than the
rate reported in HICs.22,24 MAPCAs increase blood flow in
the pulmonary arteries and may lead to massive haemoptysis
due to bronchial erosion.25 Other complications seen in older
patients with uncorrected ToF include cerebral abscesses or
strokes, which can be caused by blood hyperviscosity due to
prolonged hypoxia. Preoperative cerebral complications occur
in as many as 20% of cases in patients with a delayed diag-
nosis, while being rare in HICs.17,21,22

Delayed ToF repair is also associated with electrophysio-
logical complications. In fact, the rate of ventricular arrhythmia
increases with the age of repair. In a multicentre study, the rate
of ventricular arrhythmia was 20% in patients who had un-
dergone surgery between the ages of 8 and 15 years, and it
increased to 58% in patients operated on after the age of 16
years.26 This complication is a result of the sustained elevated
pressure within the RV, as well as the formation of ventricular
fibrosisda process that results in microreentry circuits.
older patients with significant collateral flow
� Complete repair may be performed either with a

transpulmonary-transatrial or a transventricular
technique

BTT, Blalock-Taussig-Thomas; LMIC, low- and middle-income country;
MAPCA, major aortopulmonary collateral artery; RVOT, right ventricular
outflow tract; ToF, tetralogy of Fallot.
Perspective From a Sub-Saharan Centre
Despite a growing economy, most sub-Saharan countries are

faced with several important sanitary challenges. Neonatal mor-
tality rates in this region remain among the highest in the world,
with an average of 27 deaths per 1000 live births.27 In a recent
report, the World Health Organization highlighted several
infrastructural and human resource challenges that may
contribute to these figures. Notably, these countries have an
average of 2 doctors, 11 trained nurses and midwives, and 9
hospital beds per 10,000 habitants.28 The situation in congenital
cardiac surgery is even more daunting. Up until recently, few
countries had centres that were equipped to perform congenital
cardiac surgery (eg, Senegal, Ghana, or Ivory Coast).21

The Fann National University Center in Senegal initiated its
thoracic and cardiovascular surgery programme in 2004. At the
beginning, the local team still relied on humanitarian missions
for the care of certain patients, including a number of patients
with ToF. Between 2004 and 2012, 40 patients with ToF or
pulmonary atresia were operated on by collaborators (visiting
teams).18 The mean age at the time of surgery was 7 years,
ranging from 11 months to 18 years. The average time on the
surgical waiting list was 20 months. A complete repair was per-
formed in 36 patients (90%), and 4 patients (10%) received a
Blalock-Taussig-Thomas (BTT) shunt. There was no operative
mortality. However, the 30-day mortality remained high at
almost 23% in patients who underwent a complete repair. There
was no 30-day mortality in patients who received a BTT shunt.

Between 2017 and 2021, a total of 316 patients with
congenital cardiac malformations were operated at the Fann
National University Center. The local team performed 224 of
these surgeries (71%), and the remaining were performed by
collaborators. The overall 30-day mortality over this period
was 4.8% (unpublished data). Thanks to the support of col-
laborators, and also the implication of local leaders, the results
of congenital cardiac surgery in Senegal have greatly improved
over the last 2 decades.
Surgical Planning
There are a number to surgical treatment strategies for

ToF. Like other congenital defects, the type of repair needs to
be tailored to the patient’s anatomy, in addition to taking into
account local resources and expertise. A comprehensive review
of the technical aspects of ToF repair is beyond the scope of
this review. An overview of the surgical aspects of ToF repair
in patients from LMICs is presented in Table 2. Still, several
characteristics may present in patients operated in LMICs and
need to be considered at the time of operation. These char-
acteristics include (but not limited to):
� Previous palliative operations
� Presence of MAPCAs
� Higher incidence of endocarditis
� Presence of preoperative brain abscess or stroke
� High incidence of arrhythmias
� Coagulation anomalies (associated with polyglobulia

and chronic hypoxia)
The preoperative assessment of older patients with ToF
should include specific examinations aimed at identifying the
potential complications of chronic hypoxia and RV hyper-
trophy. For example, blood hyperviscosity can result from
prolonged hypoxia, leading to brain abscesses and strokes. To
assess the risks associated with these complications, such as
haemorrhagic remodelling due to extracorporeal circulation,
further investigations are essential.29 This includes computed
tomography scan, cardiac catheterization, and biological blood
tests for coagulation abnormalities and infectious foci. The
presence of MAPCAs must be documented preoperatively
using either a computed tomography scan or cardiac cathe-
terization. Although more invasive, catheterization has the
advantage of being both diagnostic and therapeutic as it allows
concomitant occlusion of MAPCAs. The search for inducible
ventricular arrhythmia seems essential with an in-depth elec-
trophysiological study to establish the arrhythmia load. Tar-
geted therapy can then be performed to limit or eradicate
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arrhythmias.30 In our opinion, BTT shunts should be avoi-
ded, given their perilous management and high rate of peri-
operative complications and in-hospital mortality.
Furthermore, the age of most patients operated in LMICs
makes them eligible for a complete repair, an approach that
has long been promoted in HICs.31 As in HICs, preservation
of the pulmonary valve should be a priority whenever possible.
A pulmonary valveesparing approach with wide commissur-
otomies may help in achieving this objective in patients with
pulmonary valve hypoplasia. Finally, a perioperative and long-
term complications should be monitored as closely as possible.
Surgical Outcomes
There are few reports looking at the perioperative and long-

term outcome of patients with ToF operated in LMICs
(Table 1). In these studies, in-hospital mortality ranges from
1.9% to 10.2%.17,32 In contrast, an analysis from the Society of
Thoracic Surgeons (STS) database showed a perioperative
mortality of 1.3%.5 This difference can be explained by the
higher number of comorbidities due to chronic hypoxia and the
presence of MAPCAs in older patients. Other studies have
shown a similar trend and have identified older age at the time
of surgery as a risk factor for postoperative mortality.6 Never-
theless, the multicentre IQIC study, which included a majority
of patient surgically addressed after the age of 1 year, did not
find any association between the age at the time of repair and
perioperative mortality. This study did however identify other
“frailty” markers associated with an increased risk of mortality
and infection, such as a weight below the 5th percentile at the
time of the surgery.19 The IQIC study also analysed the out-
comes of the various surgical techniques. The BTT shunt ap-
pears to have the worst perioperative results with an in-hospital
mortality of 8.0% (n ¼ 16/200). In contrast, a recent STS
analysis found a 3.4% (27 of 796) mortality in patients who
underwent palliation (approximately 70% of these patients
received a BTT shunt).33 However, there are important caveats
when comparing these outcomes. The patients included in the
IQIC study were significantly older, with almost half of BTT
shunts performed in children aged between 2 and 17 years. In
contrast, more than 85% of the BTT shunts were performed
before 3 months of age in the STS study. These significant
differences preclude any comparison between these cohorts of
patients. Furthermore, the benefits of a BTT shunt in a child
older than 2 years are debatable.

As previously mentioned, patients from LMICs may present
with specific complications of chronic hypoxia, such as the
presence of multiple systemic collaterals, and MAPCAs. In this
regard, several studies have demonstrated the benefit of preop-
erative MAPCA obliteration.34 Historically, these collateral ves-
sels were addressed surgically. However, these procedures were
associated with longer aortic clamping and cardiopulmonary
bypass times. Significant blood loss that could lead to low cardiac
output and difficult ventilatory weaning due to pulmonary
oedema were also among the possible complications.35,36 Given
these drawbacks, MAPCAs are now mostly addressed preoper-
atively by interventional cardiologists.34 In a study from India,
Bhushan et al.22 reported that preoperative management of
MAPCAs was necessary in >40% of patients. Nevertheless, this
study reported an in-hospital mortality of 2%, which is com-
parable with most HICs.22
Finally, late ToF correction has been associated with high
rates of postoperative pleural effusions. In fact, this complication
affects up to 60% of patients.21 This is due to several factors,
including postoperative RV failure and impaired LV filling.37,38

Reperfusion oedema may also lead to this complication. To
prevent the formation of pleural effusion, early extubation (to
reduce intrathoracic pressure), aggressive diuretic treatment, and
careful postoperative vascular filling are recommended.
Discussion and Future Perspectives
Many LMICs still rely on humanitarian missions (such as

Sainte-Justine au Coeur du monde, Surgeon of Hope, and
Heart to Heart) to ensure the provision of congenital cardiac
surgery. Although these missions help in treating patients who
would otherwise not have access to surgical care, we strongly
believe that there should be a broader objective. Ultimately,
the aim is to develop centres in LMICs that can indepen-
dently treat these patients and offer adequate follow-up. This
is the premise on which “Sainte-Justine au Coeur du monde”
was created. However, there are often several barriers that
limit the implantation of such programmes. Table 3 sum-
marizes some of the frequent challenges encountered in
LMICs and offers ways that these can be addressed. Although
this article focuses of the care of patients with ToF, the rec-
ommendations included in this section may be applied to
programmes seeking to treat a variety of CHDs. This is why
international databases such as the World Database for Pe-
diatric and Congenital Heart Surgery are so useful in
providing information and creating a support network be-
tween HIC and LMIC centres. This mutual support is
essential, both technically (ie, surgical, anaesthesia-intensive
care, nursing, and perfusion) and logistically, in terms of
service management and postoperative follow-up.

With regards to the treatment of ToF, specific aspects
require considerations. Early diagnosis is crucial to avoid the
potential consequences of long-term hypoxia. In this regard,
simple solutions, such as the distribution of pulse oximeters to
primary care physicians and local medical teams, may improve
the detection of ToF.39 The preoperative assessment of pa-
tients with ToF may also be facilitated by the access to an
interventional cardiology lab. Not only is this valuable during
the preoperative workup, but transcatheter intervention, such
as MAPCA occlusion, can ease future surgical treatment.
Ensuring adequate access to surgical valve prostheses is also
paramount for the treatment of older patients with ToF. This
requires planning with local institutions, establishing local
chain supply, and engaging industries in LMICs. Similarly,
postoperative care may require the administration of medi-
cations such as anticoagulants, nitric oxide, and/or inotropes.
In addition, regular postoperative follow-up is essential to
detect long-term complications, including ventricular ar-
rhythmias, and to assess the need for right ventricular outflow
tract reoperation. Currently, there is a scarcity of resources to
ensure long-term follow-up of patients and treat adult patients
with congenital conditions. Ensuring that local centres have
access to these resources will allow improvement in surgical
outcomes. Finally, helping new programmes in gathering data
and supporting research efforts in LMICs will allow policy
changes, bring awareness to the specific local needs, and
improve the treatment of patients with ToF in LMICs.



Table 3. Challenges in establishing congenital cardiac surgery centres
in LMICs

Challenges Potential solutions

Delay in diagnosis � Providing education to referring physicians
� Favouring the distribution of low-cost and

high-yield screening equipment such as
pulse oximetry

� Engaging medical professionals (eg,
physicians, nurses, and midwives) in
assessing their patients for the presence of
heart murmurs

Difficulties reaching
treatment centres

� Leveraging the possibilities of telemedicine
� Working with local communities to

optimize transportation to surgical centres
Lengthy wait time � Advocating for the prioritization of CHD

care
� Regionalization of surgical waitlist
� Developing local electronic health records

Financial constraints � Advocating for improvements in public
health care coverage in LMICs

� Facilitating contacts between philanthropic
societies and congenital cardiac surgery
centres

� Providing local data showing the cost-
effectiveness of congenital cardiac surgery in
reducing disability-adjusted life years

Lack of medical
professional

� Providing ongoing medical education
during humanitarian missions

� Offering financial support to gain additional
expertise (eg, cardiac surgery fellowship).

� Ensuring the training of dedicated cardiac
surgery teams, rather than training specific
groups of professionals

� Help in establishing local leaders who will
oversee the development and expansion of
local programmes

� Establishing simulation training in local
centres

Lack of surgical resources � Assist the local teams in making scale
economies

� Providing surgical equipment during
humanitarian missions

� Engaging industries in local supply chain
� Donation of equipment from MEDC

Difficulties in ensuring
adequate follow-up

� Help in establishing treatment and
follow-up plans with referring physicians

� Providing patients with comprehensive
information regarding their condition

� Leverage the possibilities of virtual
follow-up.

CHD, congenital heart disease; HICs, high income countries; LMIC,
low- and middle-income country.
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Conclusions
There are still huge differences in the clinical presentation and

treatment of patients with ToF between LMICs and HICs.
Recent articles have looked into this issue.14,40 Several recom-
mendations are directly applicable to patients with ToF from
LMICs. Indeed, there is an urgent need to train more surgeons
with expertise in the care of paediatric patients from LMICs.
Furthermore, training local staff to establish cardiac centres in
LMICs also needs to be addressed. Ensuring safe patient trans-
portation (either to local cardiac centre or inHIC centres) is also a
priority. Ultimately, more economic resources need to be
devoted to this challenge, keeping in mind that approximately
80% of treatable cardiac diseases exist in LMICs.41 Thismetric is
evenmore astonishing whenwe consider that cardiac surgery can
add several decades of life in paediatric patients. Real awareness is
needed to ensure optimal care for these patients.
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