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Abstract 
Objectives: The purpose was to show how important is to operate on the Se-
negalese African children presenting with Tetralogy of Fallot (TOF) regard-
less of their age. Methods: It is a retrospective, descriptive analysis of data 
from the Department of Pediatric Cardiology, University Hospital of Tuebingen’s 
data base which was searched for all cases of TOF in foreign patients younger 
than 15 years between 05/2004-10/2016. Results: 16 children from Senegal 
with TOF were referred for treatment. Mean age of patients was 7.0 years 
(range 0.9 - 14.8 years). Primary corrective surgery was performed in 13/16 
patients. A primary shunt procedure was required in 3/16 patients. All patients 
were discharged in good condition with a median 13 postoperative days. We 
did not register any deaths. All became asymptomatic with pulse oximetry 
oxygen saturations greater than 95%. The right ventricular outflow tract 
(RVOT) gradient was less than 30 mmHg in all patients and 2 patients had 
moderate pulmonary valvular insufficiency. Conclusions: It was still necessary 
to operate Senegalese children presenting with TOF irrespective of their age. 
 

Keywords 
Tetralogy of Fallot, Late Repair, Developing Country, Non-Governmental 
Non-Profit Organization 

 

1. Introduction 

Primary repair of Tetralogy of Fallot (TOF) in the first year of life is the result of 
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improvements in surgical techniques during the last decades [1] [2]. Advantages 
of early repair include preservation of myocardial function, avoidance of right 
ventricular hypertrophy and fibrosis, promotion of pulmonary artery growth 
and avoidance of cyanotic multi-organ damage. Treatment options in develop-
ing countries are frequently restricted due to limited availability of diagnostic 
and therapeutic facilities [3]. We report the results in a cohort of children in Se-
negal who were referred to our center for surgical treatment.  

2. Patients and Methods 

It is a retrospective, descriptive analysis from the database of the department 
of Pediatric Cardiology, University Hospital of Tüebingen. The database was 
searched for all cases of TOF in foreign patients younger than 15 years between 
05/2004-10/2016. 

The primary diagnosis having been established in Senegal by echocardiogra-
phy was confirmed in Tübingen.  

The following parameters were analyzed: diagnostic conformity, age, weight, 
dyspnea according to the NYHA classification, associated morbidities, type of 
surgery performed, length of hospital stay, and early postoperative outcomes. 

3. Results 

Sixteen children with TOF were referred for treatment in our center (Table 1) 
with a mean age of 7.0 years (range 0.9 - 14.8 years, median 5.5 years). Almost all 
patients were dystrophic with a mean BMI of 13.7 (range 9.8 - 16.7, median 
13.5). All patients were significantly cyanosed and presented in NYHA class III - 
IV. The mean oxygen saturation (SpO2) was 62% (range 35% - 92%, median = 
75%).  

The diagnosis of TOF was established in the city of Thiès in all the cases, in 
conformity with the reference center of the hospital of Tübingen. Cardiac cathete-
rization prior to the first surgical procedure was required in 3/16 patients. Primary 
corrective surgery was performed in 13/16 patients. A valve sparing transatrial ap-
proach was performed in 10 patients (Figure 1, Figure 2). One of these patients 
required secondary transannular patch enlargement 2 days later. One patient, who 
presented with active endocarditis and vegetations on the aortic and pulmonary 
valve, underwent corrective surgery including aortic and pulmonary valve replace-
ment (Figure 3). Corrective surgery with RVOT patch-enlargement was performed 
in a further 2 patients. A primary shunt procedure was required due to persistent 
hypoxemic spells necessitating treatment with noradrenalin in 2 patients (13.8 
and 3.3 years) and excessive hypertrophy of both ventricles in 1 case (6.8 years). 
These patients underwent secondary corrective surgery requiring RVOT patch 
enlargement in one. All patients were discharged in good condition with a me-
dian 13 postoperative days. 

We did not register any deaths and all patients returned to Senegal. All be-
came asymptomatic with pulse oximetry oxygen saturations greater than 95%.  
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Table 1. Clinical, preoperative characteristics and type of surgery.  

Patient 
Age  

(Year) 
BMI 

Preoperative 
morbidity 

Cardiac surgery 
Discharge 

(days post op) 

1 13.3 12.6 - transatrial valve sparing corrective surgery 26 

2 5.2 13.3 - transatrial valve sparing corrective surgery 18 

3 9.6 12.7 cerebral abscess transatrial valve sparing corrective surgery 10 

4 10.8 16.2 - corrective surgery, secondary RVOT patch 25 

5 9.7 13.6 - corrective surgery, RVOT patch 13 

6 4 16.7 - transatrial valve sparing corrective surgery 8 

7 4.5 14.3 - transatrial valve sparing corrective surgery 7 

8 5.7 9.8 - transatrial valve sparing corrective surgery 11 

9 14.8 15.2 endocarditis corrective surgery, ao/pulm. valve replacement 52 

10 2 12.1 cerebral infarction transatrial valve sparing corrective surgery 7 

11 3.2 16.4 cerebral infarction transatrial valve sparing corrective surgery 13 

12 5 12.7 hypoxemic spells transatrial valve sparing corrective surgery 18 

13 0.9 16.6 - corrective surgery, RVOT patch 13 

14 
13.8 15.4 hypoxemic spells aortopulmonary shunt 32 

13.9 14 - transatrial valve sparing corrective surgery 15 

15 
3.3 12 hypoxemic spells right BTS 5 mm 9 

4.5 13.9 - corrective surgery, RVOT patch 8 

16 6.8 9.8 - aortopulmonary shunt 7 

BMI: Body Mass Index; RVOT: Right Ventricle Outflow Tract; BTS: Blalock-Taussig Shunt. 

 

 
Figure 1. The parasternal short axis view in a 5.7 year old boy (patient 8) shows very se-
vere right ventricular outflow tract obstruction at infundibular level, while the main pul-
monary artery is of reasonable size. 
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Figure 2. The postoperative parasternal short axis view (patient 8) following transatrial 
valve-sparing surgical repair shows no relevant residual gradient across the RVOT and 
only mild pulmonary regurgitation. 
 

 
Figure 3. The parasternal long axis view in a 14.8 year old with bacterial endocarditis 
(pat. 9) shows the perimembranous malalignment VSD and a large vegetation on the 
overriding aortic valve. The vegetations of the aortic valve are also displayed on the dias-
tolic frame in the apical 5 chamber view. 
 
The right ventricular outflow tract (RVOT) gradient was less than 30 mmHg in 
all patients and 2 patients had moderate pulmonary valvular insufficiency. 

4. Discussion 

Tetralogy of Fallot is one of the most frequent childhood heart diseases in Africa 
[4] [5] [6]. Its management, particularly surgical, contributes in the fight against 
infant mortality [5] [7]. The average age of our patients was 7 years (ranges 0.9 - 
14.8 years) was about the same as that of other studies of African children oper-
ated on for TOF within Africa or elsewhere in the West. Beye in Dakar, Senegal 
[8] had an average age of 7.78 years (range, 0.6 to 19 years), Benbrink in Nantes, 
France [9] had a mean age of 4.8 years ± 3.2, and the mean age of patients in the 
Tchoumi series in Shisong, Cameroon [10] was slightly higher at 9.18 ± 6.5 years 
(range 1.12 and 26 years old). However, the ages of our patients are significantly 
higher than the ages 3 to 6 months recommended from the analysis of Western 
series [2]. 
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The diagnosis criteria of TOF employed in Thiès was in all cases in conformi-
ty with that employed at the reference center of the hospital of Tübingen, thus 
confirming the availability of human resources competent in the diagnosis of 
congenital heart disease in the rural areas of Senegal. The Cardiac Doppler ul-
trasound is the gold standard in the diagnosis of TOF. However, cardiac cathete-
rization preoperatively to better appreciate the anatomy of the coronary arteries, 
pulmonary artery and its branches was performed in 3/16 of our patients. 
Tchoumi, J.C.T. [10] also performed it in 3/22 patients. 

An oxygen saturation of less than 95% on routine pulse oximetry screening 
within 24 hours after birth may be an interesting alternative for the diagnosis of 
severe congenital heart disease in newborns [11]. 

Despite late referral with the mean age at 7 years, severe obstruction of the 
RVOT and pronounced cyanosis, surgery for TOF was possible with low mortal-
ity. Primary surgical repair with preservation of the pulmonary valve was per-
formed in the majority of our patients avoiding the long term sequelae of patch 
enlargement of the RVOT and significant pulmonary regurgitation. Primary pal-
liative procedures were required only in 3/16 patients with persistent hypoxemic 
spells and excessive RV hypertrophy. 

The complications observed in the preoperative period of our patients were 
more than those found by Benbrink and Tchoumi [9] [10]. These included in-
fectious endocarditis (1 case), cerebral abscess (1 case), cerebral infarction (1 
case) and biventricular hypertrophy (1 case). Benbrink reported extensive aor-
tic-pulmonary collaterals in 2 children with severe diffuse hypoplasia of the 
pulmonary artery and impaired left ventricular systolic function. In the western 
series, these complications are absent thus justifying the advantages of the early 
surgery [2]. 

The mean duration of hospitalization was 15 ± 7 days. This period of hospita-
lization is similar to that found by Benbrink and Tchoumi [9] [10] who found 11 
± 6 days and 15 ± 7 days respectively. None of the patients in our series died. 
Benbrink reports a death of 2 out of 47 patients (4.2%). It should be noted, 
however, that the number of patients was greater than in our series. But this 
mortality was not significantly higher than in the group of French patients oper-
ated at an earlier age. Tchoumi, J.C.T. [10] noted early postoperative mortality 
in 2/22 patients (9%). 

The results are also equally satisfactory in view of the regression of dyspnea in 
all patients, the improvement of Sp02 and the low residual gradient on the 
RVOT. However, long-term follow-up will be necessary especially in patients in 
whom a patch enlargement for RVOT was performed [12]. 

5. Conclusion  

The unfavorable natural history and the disabling sequelae of chronic hypox-
emia justify all efforts to attempt late corrective surgery in children with TOF. 
While waiting for the local development of the pediatric cardiac surgery, the 
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nongovernmental non-profit humanitarian organization plays an important role. 
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