
Open Journal of Thoracic Surgery, 2012, 2, 72-77 
http://dx.doi.org/10.4236/ojts.2012.23015 Published Online September 2012 (http://www.SciRP.org/journal/ojts) 

Surgical Correction of Tetralogy of Fallot in Adulthood 

Ignacio Lugones1, Pablo D. Inguanzo2, Diego Antoni2, Marisa Di Santo2, Rubén O. García1 
 

1Pediatric Cardiovascular Surgery Unit, Fundación Favaloro University Hospital, Buenos Aires, Argentina; 2Department of Pediatric 
Cardiology, Fundación Favaloro University Hospital, Buenos Aires, Argentina. 
Email: ignaciolugones@hotmail.com 
 
Received April 3rd, 2012; revised May 2nd, 2012; accepted May 11th, 2012 

ABSTRACT 

Background: The aim of this study is to evaluate the short-term results of surgical correction of Tetralogy of Fallot in 
adult patients. Methods: Between 1999 and 2007, surgical correction was performed in 16 adult patients (mean age: 
34.6 years; range: 18 to 62). Five previous procedures had been performed in 4 patients. Thirteen patients were in 
NYHA functional classification III or IV (81%), and 12 were cyanotic. Echocardiography was performed in all patients 
and 14 of them were catheterized. The mean gradient in the right ventricular outflow tract was 82 mmHg. Four patients 
had unfavorable anatomy, consisting in coronary fistulas (2) and small pulmonary artery branches (2). Results: 
Infundibular resection was performed in all patients, ventricular septal defect closure in 15, pulmonary valve 
commissurotomy in 8, right ventricular outflow tract patch enlargement in 9 and transannular patch placement in 4. 
Three patients died during the postoperative hospital stay, 2 of them due to sepsis. All of them had unfavorable anatomy 
and impaired preoperative condition. No residual defects were found. The other 13 patients had a good recovery. Eleven 
had less than 24 hours of mechanical ventilation. Early hospital discharge was possible in all survivors. Conclusion: 
Surgical correction of Tetralogy of Fallot in adulthood is an infrequent procedure. The short-term results depend mostly 
on the anatomic substrate and the preoperative clinical condition of the patient. 
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1. Introduction 

Tetralogy of Fallot (TF) is a complex congenital heart 
disease caused by anterior and cephalic deviation of the 
conal septum during heart development. This malaligne- 
ment of the embryonic conotruncal septum with the 
interventricular septum determines the existence of a 
ventricular septal defect (VSD) and varying degrees of 
right ventricular outflow tract (RVOT) obstruction. The 
large aortic root overrides the septum and the right ven- 
tricle becomes hypertrophic. Usually, the severity of the 
RVOT obstruction determines the clinical features. Severe 
forms produce intense cyanosis and early manifestations, 
while mild hemodynamic alterations can delay presenta- 
tion and diagnosis.  

Since the first report of complete correction of TF in 
1955, there has been a continuous trend towards correc- 
tion at earlier ages. This might be the reason why untrea- 
ted or palliated adult patients are so unusual. Thus, the 
chance of extending their lives with corrective surgery 
becomes a hard challenge. Although the cardiac anatomy 
of these patients is theoretically favorable, the associated 
pathologies derived from the uncorrected disease deter- 
mine the high mortality rate of the surgical repair. 

The aim of this study is to describe our experience in 

the surgical repair of TF in patients older than 18 years of 
age, and to identify potential risk factors for postop- 
erative mortality. 

2. Material and Methods 

We performed a retrospective study using medical 
records as the source of information. Several categorical 
and numerical variables were determined. Tables were 
used to describe the data. Statistical analysis was perfor- 
med using Epi Info software (version 3.3.2). The p-valu- 
es < 0.05 were considered statistically significant. 

2.1. Patients 

Between August 1999 and September 2007, surgical 
correction of TF was performed in 16 patients older than 
18 years of age at the Fundación Favaloro University 
Hospital. The mean age was 34.6 years (range: 18 to 62 
years). Twelve patients were female and 4 were male. 

2.2. Preoperative Evaluation 

All available data were collected from medical records 
and retrospectively analyzed. In addition to general and 
surgical medical history, the following variables were  
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collected: New York Heart Association functional classi- 
fication (NYHA FC), oxygen saturation, presence of 
cyanosis, physical examination, hematocrit and blood 
pressure. Results of additional studies were also recorded. 
These data are summarized in Table 1. 

Five patients had one or more comorbidities. One 
patient had diabetes mellitus and osteoporosis. The 
second one suffered from syphilis, chronic obstructive 
pulmonary disease, atrial flutter and neurological sequel- 
ae of a previous stroke. The third had tuberculosis. The 
fourth patient presented arterial hypertension and uterine 
fibromas, and the last one suffered from asthma. Eight 
spontaneous abortions were confirmed in 3 patients. 
Some other events were also identified, such as multiple 
pneumonias in 1 patient, syncopes in 2 and hemoptysis in 
other 2 patients. 

Five palliative surgeries had been previously perfor- 
med in 4 patients. Four of these procedures, done in 3 
patients, were Blalock-Taussig shunts. The remaining 
intervention was an atrial septal defect closure carried 
out in 1970. None of aforementioned surgeries had been 
performed in our institution. 

From the clinical point of view, 13 patients (81%) 
were in NYHA FC III or IV, with severe impairment. 
Twelve patients (75%) were cyanotic. The mean arterial 
saturation was 82% (range: 55% to 97%) and the mean 
hematocrit was 52%. At cardiac auscultation, a systolic 
ejection murmur in the pulmonary area was usually 
detected. In patients with a previous shunt, a continuous 
parasternal murmur was also heard. 

Sinus rhythm was present in 85% of the cases; two 
patients did not have it. The first one showed atrial fibri- 
llation and the second one ectopic atrial rhythm. There 
were signs of dilation of the right atrium in 50% of the 
cases. Furthermore, 28% of the patients presented right 
bundle branch block and 71% showed signs of right 
ventricular hypertrophy.  

 
Table 1. Preoperative characteristics. 

Variable Value 

Age in years x 34.6 

Gender (female/male) 12/4 

Previous surgeries n 5 

NYHA FC III or IV n (%) 13 (81%) 

Arterial oxygen saturation x 82% 

Cyanosis n (%) 12 (75%) 

Hematocrit x 52% 

Gradient in RVOT x 82 mmHg 

Associated lesions n (%) 6 (37.5%) 

NHYA FC: New York Heart Association functional classification; RVOT: 
right ventricular outflow tract. 

Diagnosis was confirmed by Doppler echocardiogra- 
phy in all patients. Typical findings were the presence of 
an unrestrictive subaortic VSD and variable degrees of 
RVOT obstruction. Fourteen patients underwent cardiac 
catheterization to assess oxygen saturation and pressures 
in each segment, to accurately delineate the anatomy and 
to evaluate the results of previous surgeries. The average 
gradient in the RVOT was 82 mmHg. This method also 
allowed us to investigate possible obstructive lesions in 
the coronary arteries. In 3 patients, cardiac magnetic 
resonance imaging was used to complement previous 
studies. 

Eight patients (50%) presented associated cardiac 
anomalies (Table 2).  

With the exception of atrial septal defects, hypoplastic 
pulmonary artery branches and fistulas between the 
coronary arteries and other segments were the anomalies 
most frequently found. One patient had a fistula connect- 
ing the left anterior descending and circumflex arteries 
with the right ventricle. He also had another large fistula, 
extended between the circumflex artery and the right 
pulmonary artery branch. In other 2 patients, there were 
fistulas directed to the main pulmonary artery. One last 
patient presented a fistula connected to the left ventricle. 

2.3. Surgery 

Corrective surgery was performed in all patients using 
cardiopulmonary bypass with moderate hypothermia. 
The routine use of tranexamic acid prevented episodes of 
major postoperative bleeding. Previous shunts were fully 
dissected before heparin administration, and they were 
closed just after initiation of the cardiopulmonary bypass. 
Intermittent administration of cold cardioplegic infusion 
was the chosen myocardial protection method. 

Although the right atriotomy was considered the best 
approach for the repair, a ventriculotomy in the RVOT 
had to be performed in 15 patients. This was due to the 
impossibility to achieve an adequate infundibular 
resection through the atriotomy or the need to place a 

 
Table 2. Associated lesions. 

Patient ID number 
Associated lesion 

1 2 3 4 5 6 7 8

ASD ♦ ♦ ♦   ♦

Coronary fistulas  ♦  ♦  ♦

Hypoplastic pulmonary artery 
branches 

 ♦   ♦ ♦

Aortopulmonary collaterals    ♦  

Disconnected pulmonary 
artery branch 

   ♦  

ASD: atrial septal defect. 
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transannular patch. After relieving the infundibular obs- 
truction, pulmonary valve commissurotomy was perfor- 
med in 8 patients. The VSD was closed with a Dacron® 
patch in all cases. One patient had severely hypoplastic 
pulmonary artery branches and a small pulmonary valve 
annulus. We left the VSD open since its closure would 
have caused suprasystemic right ventricular pressure af- 
ter correction. The ventriculotomy was closed with peri- 
cardium treated in glutaraldehyde in 13 patients. In 4 of 
these patients, the patch was placed in a transannular po- 
sition, enlarging the pulmonary annulus and extending 
into the main pulmonary artery.  

We carried out 5 additional procedures in 4 patients. In 
each case we closed an atrial septal defect. We also per- 
formed the closure of 3 muscular VSDs in one of those 
patients. These data are summarized in Table 3. 

The mean times of cardiopulmonary bypass and aortic 
cross-clamping were 114.8 minutes (range: 88 to 176) 
and 64.4 minutes (range: 39 to 93), respectively. 

3. Results 

Three patients (18.75%) died during hospital stay. In 2 
patients, the cause was sepsis, at days 28 and 70 after 
surgery. Both of them were undergoing a delicate 
postoperative course, with prolonged mechanical ventila- 
tion and multiorgan failure. The remaining patient de- 
veloped cardiac and renal failure, both unresponsive to 
medical therapy, and died 3 days after surgery. All 
non-survivors had unfavorable anatomy and severe pre- 
operative clinical condition. No residual lesions were 
detected in the postoperative echocardiograms. 

Univariate analysis demonstrated a statistically signifi- 
cant difference between survivors and non-survivors 
regarding preoperative saturation (p = 0.0035), and the 
presence of coronary fistulas (p = 0.0366) and hypop- 
lastic pulmonary artery branches (p = 0.0366). Non- 
survivors had higher hematocrit, worse preoperative 
NYHA FC and higher gradient across the RVOT than 

 
Table 3. Procedures performed during surgery. 

Procedure Patients n 

Infundibular resection  16 

Subaortic VSD closure  15 

RVOT patch (not transannular)  9 

Pulmonary valve commissurotomy  8 

Transannular patch  4 

ASD closure  4 

Muscular VSDs closure  1 

ASD: atrial septal defect; RVOT: right ventricular outflow tract; VSD: 
ventricular septal defect. 

survivors. They were also older and more cyanotic. 
These data are summarized in Table 4. 

The evolution in the 13 survivors was excellent, with 
less than 24 hours of mechanical ventilation in 11 pa- 
tients. Inotropic support with dopamine at low doses was 
maintained during the first 48 hours. Hospital stay was 
brief and every patient received an early discharge. 

4. Discussion 

Despite the current global trend to correct TF during the 
first year of life [1], there is a large group of individuals 
who go through infancy without surgical treatment. In 
rare cases, these untreated patients reach adulthood. It is 
estimated that only 12% turns 20 years old and barely 
3% reaches the fourth decade of life [2]. 

This small subset of adults without correction repre- 
sents a major challenge for the health care system. Their 
unique features require a multidisciplinary team that 
includes pediatric cardiologists, congenital cardiovas- 
cular surgeons and adult intensivists. 

Prolonged survival without surgery is usually deter- 
mined by a favorable anatomy and a delicate and infre- 
quent physiological balance. Many of these patients have 
mild pulmonary artery and annulus hypoplasia, in com- 
bination with a progressive development of infundi- 
bular obstruction and left ventricular hypertrophy [3]. 
This would protect them from a severe right to left shunt 
at the ventricular level. Besides, the presence of an addi- 
tional pulmonary flow source such as a ductus arteriosus 
or aortopulmonary collaterals improves oxygenation. 

Despite these favorable anatomic features, these pa- 
tients suffer from other diseases of adulthood and the 
complications derived from many years of a cyanotic 
congenital heart disease. This might explain the higher 
mortality rate of this subgroup compared to infants and 
children. Chronic hypoxemia causes myocardial fibrosis 
with the subsequent development of ventricular dysfun- 
ction [4]. Other complications are given by polycythe- 
mia, coagulation disturbances, thromboembolism, stro- 
ke, arrhythmias and infective endocarditis. Previous sur- 
geries can also induce anatomic distortions that require 
correction [5]. 

Previous studies have warned about the increased 
perioperative mortality and the decreased long-term sur- 
vival at older age at the time of intervention [6,7]. Our 
analysis is consistent with those findings. The mean age 
of non-survivors was 47.66 years old, compared with 
31.61 years old in survivors. 

Preoperative clinical condition is also a key factor in 
the outcome of surgical correction. The severe impairment 
of our population is evidenced by the high proportion of 
cyanotic and NYHA FC III or IV patients. Besides, the 
average oxygen saturation was significantly lower in 
non-survivors than in survivors. This is in concordance 
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Table 4. Univariate analysis. 

Variable 
Survivors 

n = 13 

Non-survivors 

n = 3 
p 

Age in years x ± SD 31.61 ± 13.00 47.66 ± 12.50 0.0731 

Previous surgeries 2 2 0.0714 

NYHA FC III or IV 10 3 0.2553 

Preoperative oxygen 
saturation x ± SD 

88.25 ± 10.11 57.50 ± 3.53 0.0035 

Preoperative cyanosis 9 3 0.1964 

Preoperative hematocrit 
x ± SD 

48.62 ± 11.23 66.50 ± 9.19 0.0739 

RVOT gradient x ± SD 76.12 ± 25.46 104.50 ± 34.64 0.2171 

Hypoplastic pulmonary artery branches 1 2 0.0366 

ASD 3 1 0.3714 

Aortopulmonary 
collaterals 

0 1 0.0937 

Coronary fistulas 1 2 0.0366 

Disconnected pulmonary artery branch 0 1 0.0937 

RVOT patch 8 1 0.2312 

Transannular patch 2 2 0.0714 

ASD: atrial septal defect; NYHA FC: New York Heart Association functional classification; RVOT: right ventricular outflow tract; SD: standard deviation. 

 
with the findings shown by Dittrich and collaborators, 
who defined severe insaturation, biventricular dilation, 
high end diastolic pressures and significant tricuspid 
regurgitation as predictors of augmented surgical risk [4]. 

The role of the associated lesions and their resolution 
has vital importance. We found a statistically significant 
difference between survivors and non-survivors in the 
presence of coronary fistulas and hypoplastic pulmonary 
artery branches. Both lesions were associated with higher 
early postoperative mortality. 

Coronary fistulas may connect with the ventricles and 
with the pulmonary artery and its branches (Figure 1). 
The prevalence of the latter in TF is up to 11% [8]. Three 
of our patients (18.75%) had them, and 2 of them also 
had fistulas directed to ventricles. Even though they pro- 
vide additional pulmonary blood flow, they can cause 
important volume overload and “coronary steal”. It is 
important to know their location and pathway by preop- 
erative catheterization, magnetic resonance imaging or 
computed tomography. Although some cases of sponta- 
neous closure after correction of TF have been described 
[9], most of them require occlusion, either by catheteri- 
zation or surgery. Surgical occlusion is performed in a 
similar way to aortopulmonary collaterals, just after the 
beginning of cardiopulmonary bypass and before cardio- 
plegic arrest, to avoid altering myocardial protection 
[10]. 

The pulmonary artery and its branches play a vital role 
in the postoperative period [11]. Adequate dimensions of 

 

Figure 1. Left coronary artery angiography showing a fis-
tula connecting the circumflex artery with the main pul-
monary artery. (MPA: main pulmonary artery, LCA: left 
coronary artery, arrow: fistula). 

 
these structures and low vascular resistance have a posi- 
tive influence on outcome. In contrast, hypoplasia of the 
pulmonary artery branches leads to high right ventricular 
pressure in the postoperative period, with the consequent 
risk of ventricular failure. This happened in 3 of our pa- 
tients, in whom Nakata indexes were lower than 200 
mm2/m2 (Figure 2). This feature had a statistically sig- 
nificant negative impact on early postoperative mortality. 

During surgery, particular attention must be taken to 
certain details. Previous shunts must be taken down and 
cut to relieve any possible distortion in the pulmonary 
artery branches. Aortopulmonary collaterals must also be 
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Figure 2. Angiography showing marked hypoplasia of pul-
monary annulus, main pulmonary artery and its branches 
in a 42-year-old female patient. (Ao: aorta; MPA: main 
pulmonary artery; RVOT: right ventricular outflow tract.) 

 
occluded systematically to avoid volume overload during 
the postoperative period. Myocardial protection of these 
markedly hypertrophied hearts must be extremely careful. 
Closing coronary fistulas before aortic crossclamping 
could be a useful maneuver to avoid losing cardioplegia. 

When the pulmonary annulus is hypoplastic or infun- 
dibular resection is not possible through a right atriotomy, 
a ventriculotomy in the RVOT must be performed. This 
approach was necessary in almost all our patients, unlike 
what happened in other series, in which the use of the 
atrial approach reached 41% of the cases [12]. When 
annulus hypoplasia is present, the ventriculotomy is ex- 
tended to the main pulmonary artery, transecting the an- 
nulus. This procedure was performed in 25% of our pa- 
tients. If this is not necessary, the incision is limited to 
the RVOT. Section and resection of the hypertrophic mus- 
cle bands releases obstruction. Care must be taken not to 
weaken the right ventricular free wall. For VSD closure, 
the use of separate pledgeted stitches is recommended to 
prevent damage of the friable tissue of this region. The 
ventriculotomy confined to the RVOT is usually closed 
with glutaraldehyde treated pericardium or Dacron®. The 
latter is rigid and reduces the incidence of RVOT aneu- 
rysm. In contrast, untreated pericardium significantly 
increases the incidence of such aneurysms [13]. The 
transannular patch can be complemented with a mono- 
cuspid valve made of pericardium or thin expanded poly- 
tetrafluoroethylene. This monocusp is sutured to the in- 
ner surface of the patch or to the internal edges of the 
ventriculotomy. This could avoid severe pulmonary re- 
gurgitation, protecting the hypertrophic ventricle from 
volume overload of sudden installation in the immediate 
postoperative period. 

Despite the severe clinical condition of these patients, 
the complex surgical correction and the high mortality 
rate associated to this procedure, many studies have 
demonstrated the benefits of the repair of TF in adult- 
hood. The long-term survival has been shown to be 
higher compared to patients treated only with medication 
[12,14]. Similarly, NYHA FC and quality of life improve 
substantially after surgery [15]. 

5. Conclusion 

Surgical correction of TF in adulthood is a procedure 
rarely performed. The short-term results depend mostly 
on the anatomic substrate and the preoperative clinical 
condition of each patient. Coronary fistulas and hypop- 
lastic pulmonary artery branches have a statistically 
significant negative impact on mortality. Severe insatura- 
tion is also a predictor of augmented surgical risk. Morta- 
lity remains high in this subset of patients. Therefore, 
identifying good candidates for surgical repair becomes 
extremely important. Young acyanotic patients showing 
favorable anatomy and acceptable preoperative condition 
can be safely treated. On the other hand, older cyanotic 
patients with severe impairment and coronary fistulas or 
hypoplastic pulmonary artery branches have a substan- 
tially higher risk of early postoperative death. Such cases 
must be carefully analyzed before an aggressive surgical 
approach is chosen. 
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