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Abstract 
Aortic root pathology has been described in patients with Tetralogy of Fallot, although the most 
common reason for repeat surgery in the adult after TOF repair relates to problems in the right 
ventricular outflow tract, the aortic root is often forgotten. Objective: We sought to determine 
those patients with known Fallot tetrallogy at risk for progressive dilatation of the thoracic aorta 
and explore the common predictors present in this patient group. Methods and Results: A multi-
center observational study which enrolled 100 patients (50 surgically repaired and 50 before sur-
gical repair of TOF) with standardized reassessment of echocardiographic parameters and multis-
lice CT angiography of the heart and great vessels data. The data were reviewed and analyzed ac-
cording to the demographic, morphological, surgical and clinical details. We used standard nomo-
grams and Z score for aortic root dimensions at the level of aortic annulus, sino-tubular junction 
and sinus of Valsalva based on body surface area. For surgically repaired patients, all the meas-
ured diameters across aortic annulus, STJ & sinus of Valsalva were larger in the dilated unre-
paired group with mean & median of 24.63 (3.99) & 25 (15 - 35), 27.2 (4.26) & 27 (17 - 40), 35.97 
(4.59) & 36 (24 - 45) mm respectively compared to a mean & median of 13.2 (2.62) & 13 (9 - 17), 
14.53 (2.90) & 14 (10 - 19), 20.53 (3.40) & 21 (14 - 25) mm respectively in the not dilated unre-
paired group with significant statistical difference (p value < 0.0001). Also Z score among unre-
paired dilated TOF patients was larger in comparison to the non dilated unrepaired group with 
significant statistical difference (p value < 0.0001). For unrepaired patients, all the measured di-
ameters across aortic annulus, STJ & sinus of Valsalva were larger in the dilated unrepaired group 
with mean & median of 24.63 (3.99) & 25 (15 - 35), 27.2 (4.26) & 27 (17 - 40), 35.97 (4.59) & 36 
(24 - 45) mm respectively compared to a mean & median of 13.2 (2.62) & 13 (9 - 17), 14.53 (2.90) 
& 14 (10 - 19), 20.53 (3.40) & 21 (14 - 25) mm respectively in the not dilated unrepaired group 
with significant statistical difference (p value < 0.0001). Also Z score among unrepaired dilated 
TOF patients at the level of annulus, STJ & sinus of Valsalva was larger in comparison to the non 
dilated unrepaired group with significant statistical difference (p value < 0.0001). Conclusions: 
The first important finding of this study is the occurrence of significant aortic root dilatation in 
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22% of patients after intra-cardiac repair of TOF. Older age at repair, long shunt to repair interval 
and residual ventricular septal defect are the most common variables associated with aortopathy 
and aortic regurgitation in such group of patients. The second important finding is the occurrence 
of aortic root dilatation in 70% of patients before surgical repair of TOF; whereas male sex and 
TOF with pulmonary atresia appeared to be the most common variables associated with aortopa-
thy and aortic regurgitation in this group of patients. 

 
Keywords 
Tetralogy of Fallot, Aortopathy, Ventricular Septal Defect, Aortic Regurgitation, Pulmonary  
Regurgitation, Pulmonary Atresia 

 
 

1. Introduction 
Tetralogy of Fallot (TOF) is the most commonly encountered cyanotic congenital heart defect in infancy, with a 
frequency of nearly 10% of all congenital heart disease [1]. Over the last decade, there has been accumulating 
body of published data documenting progressive aortic dilatation in patients with repaired and unrepaired con-
genital cardiac defects [2]-[6]. The development and refinements of surgical repair techniques for TOF in the 
last 40 years have contributed to a steadily increasing population of adult survivors [7]. Factors that may contri-
bute to late morbidity in this cohort of patients and the need for further reintervention include residual right ven-
tricular outflow tract obstruction, right ventricular dysfunction resulting from severe pulmonary regurgitation, 
tricuspid regurgitation from right ventricular dilatation, residual ventricular septal defect, development of atrial 
or ventricular tachyarrhythmia and the often insidious development of progressive aortic root dilatation leading 
to aortic regurgitation and with time left ventricular dysfunction. Although aortic root dilatation has been re-
ported in patients with TOF even after reparative surgery its underlying pathophysiology remains elusive [8] [9]. 
Progressive aortic root dilatation was thought to be due to increased aortic flow from right to left shunting in 
TOF patients before surgical repair [8]-[10]. However, there has been some evidence of late progressive aortic 
root dilatation in a subset of TOF patients even after total corrective surgery. Aim of this work is to outline pa-
tients with known Fallot Tetralogy at risk for progressive dilatation of the thoracic aorta and explore the com-
mon predictors present in this group of patients. 

2. Material and Methods 
The study reviewed echocardiographic and multislice CT angiography of the heart and great vessels data ob-
tained from 100 patients with known Fallot Tetralogy associated with aortopathy attending the outpatient con-
genital cardiac clinic at Beni-Suef University Hospital and National Heart Institute. The data were reviewed and 
analyzed according to the demographic, morphological, surgical and clinical details. Patients were excluded if 
they had coexisting complex congenital abnormalities (single ventricle physiology or transposition of the great 
arteries) and connective tissue disorder. No case had prior aortic root or valve repair [11]. 

2.1. Data Collection  
Patient charts were reviewed for age, sex, body surface area (BSA), degree of cyanosis as evaluated with pulse 
oximetry, prior interventions, age at intervention and duration of follow up after intervention, and residual car-
diac lesions. 

2.2. Echocardiography 
Aortic root size was measured from M-mode or 2D echo according to American Society of Echocardiography 
guidelines [12]. Echocardiographic parameters were reviewed and reassessed with a standardized protocol and 
uniform definitions [13]. Left ventricular (LV) internal dimensions (diastole and systole) were determined in 
parasternal long-axis views. Color, continuous wave, and pulse-wave Doppler data for all valves were recorded. 
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Aortic valve regurgitation was quantified as (0) absent, (1) mild (regurgitant jet width/LV outflow tract diameter 
<30%, no flow reversal in the descending aorta, pressure half-time >400 ms), (2) moderate (regurgitant jet 
width/LV outflow tract diameter, 30% - 59%; early flow reversal in descending aorta or pressure half-time, 251 
ms - 399 ms), or (3) severe (regurgitant jet width/LV outflow tract diameter >60%; holodiastolic reversal in 
descending aorta or pressure half-time <250 ms) [14]. The degree of tricuspid regurgitation was graded as mild, 
moderate, or severe on the basis of the ratio of the area of the tricuspid regurgitant jet to that of the right atrium; 
[15]. The severity of pulmonary regurgitation was quantified by the ratio of the regurgitant color jet width to the 
diameter of the right ventricular outflow tract [16]. The degree of right ventricular outflow obstruction was es-
timated by continuous wave Doppler assessment [17]. 

2.3. Diagnostic Value of 64 Multislice CT in Typing of Congenital Heart Defects Associated 
with Aortopathy 

MSCT was performed with a 64-MDCT scanner (Siemens, somatom, dual source 64, rotation time 0.33 sec, 
temporal resolution 80 - 83 msec, Germany). MSCT images were analyzed retrospectively, slice thickness 0.5 
mm, overlap 0.3 mm. Increment during data acquisition: 1.5 mm Multiplanar reconstruction (MPR), curved- 
planar reconstruction (CPR), volume render (VR), maximum intensity projection (MIP) and minimum intensity 
projection (MinIP) were performed in all patients. Intravenous injection of 11 ml of iodixanol 370 through an 
antecubital vein at a high flow rate {2.5 ml/sec.} was done. An 80 kv was selected in patients less than one year 
old for CT examination to reduce radiation exposure [18]. MSCT Images were interpreted guided by the ana-
tomical and segmental/sequential approach [19]. Coronal views were reconstructed through the aortic root at the 
level of annulus, sinus of Valsalva and STJ. The maximal diameters in diastolic phase were assessed [20]. The 
external diameters were measured perpendicular to the axis of blood flow [21]. These measurements were made 
by a single observer, associated professor of radiology and analyzed as Z scores based on body surface area. Z 
scores were calculated from MDCT derived aortic root diameters cited by Detroit [22]. Degree of aortic over-
riding, arch side and MAPCAS were assessed. Patients were defined as having “aortic root dilatation” if they 
had measurements corresponding to Z-scores > 3 at the annulus and aortic sinus, and >2.5 at the sino-tubular 
junction level [23]. 

2.4. Statistical Analysis 
Data analysis was performed using STATA intercooled version 9.2. Quantitative data were analyzed using stu-
dent t-test to compare means of two groups. When the data were not normally distributed Mann-Whitney test 
was used. Qualitative data were compared using either Chi square test or Fisher exact test. Statistical signific-
ance was inferred if p-value was less than 0.05. 

3. Results 
The current study is an observational analysis of Tetralogy of Fallot patients. The study was conducted in Beni-
suef University Hospital and National Heart Institute with the aim to identify predictors for aortic root dilatation 
in Tetralogy of Fallot (ToF) patients. The current study enrolled 100 patients (50 surgically repaired and 50 be-
fore surgical repair of TOF). 

3.1. Patients’ Population Results 
3.1.1. Group (1): Surgically Corrected Tetralogy of Fallot Patients 
This group include 50 patients, their mean age is 164.48 (78.04) months & median (range) 156 (36 - 325) 
months, with male predominance 64% (no = 32 pt), their mean height & weight is 137.7 (27.27) cm & 40.99 
(17.56) kg respectively with median 146.5 (83 - 179) cm & 40 (14 - 72) kg (Table 1). Conduit repair of pulmo-
nary atresia was done in 4% (no = 2 pt). Left aortic arch was predominant in 70% (no = 35 pt), surgery for ab-
sent pulmonary valve was founded in 2% representing a single case (Table 2). The mean BSA was 1.23 (0.39) 
with median 1.26 (0.55 - 1.89) m2, their mean O2 saturation was 91.52 (3.19%) with median 91.5 (84% - 98%) 
(Table 3). Their mean, age at repair, shunt duration, repair duration, shunt repair interval was 73.1 (42.86), 
143.1 (57.79), 91.38 (49.99), 41.7 (27.84) months respectively with median of 60 (12 - 186), 129 (72 - 264), 84 
(12 - 210), 33 (12 - 108) months respectively. Post operative residual VSD was demonstrated in 8% (no = 4 pt)  
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Table 1. Demographic characteristics of repaired TOF patients in 
study population. 

Characteristics No. (%) 

Age 
<96 months 
≥96 months 

 
10 (20.00) 
40 (80.00) 

Sex 
Female 
Male 

 
18 (36.00) 
32 (64.00) 

Height 
Mean (SD) 

Median (range) 

 
137.7 (27.27) 

146.5 (83 - 179) 

Weight 
Mean (SD) 

Median (range) 

 
40.99 (17.56) 
40 (14 - 72) 

 
Table 2. Aortic arch side and associated disease in surgically re-
paired TOF patients. 

Characteristics No. (%) 

Conduit repair of pulmonary Artesia 
No 
Yes 

 
48 (96) 
2 (4) 

Arch side 
Left 

Right 

 
35 (70.00) 
15 (30.00) 

Associated disease 
No 

Absent pulmonary valve 

 
49 (98.00) 

1 (2.00) 

 
Table 3. BSA and O2 saturation in surgically repaired TOF patients. 

Characteristics No. (%) 

BSA (m2) 
Mean (SD) 

Median (range) 

 
1.23 (0.39) 

1.26 (0.55 - 1.89) 

O2 saturation (%) 
Mean (SD) 

Median (range) 

 
91.52 (3.19) 

91.5 (84 - 98) 

O2 saturation (%) 
<80 
≥80 

 
0 (0.00) 

50 (100.00) 

 
(Table 4). The echo data revealed mean LVEF% was 60.68 (5.53) with median 62 (48 - 70), less than moderate 
AR was present in 16% (no = 8 pt) & up to severe PR was present in 52% (no = 26 pt), the mean residual gra-
dient across the RVOT was 22.68 (11.66) mmHg with median 20 (6 - 62) mmHg and mean PASP was 47.4 
(14.55) mmHg with median of 44 (25 - 93) mmHg (Table 5). The mean diameter of the aortic annulus, STJ & 
Sinus of valsalva was 20.72 (4.31), 22.96 (4.65) & 30.14 (6.13) mm respectively with a median of 20.5 (13 - 29), 
22.5 (14 - 33) & 29.5 (18 - 42) mm respectively (Figure 1). Mean/median Z score for the aortic root of this 
group of patients was 2.21 (1.17)/2.33 (0.08 - 4.45), 1.80 (0.89)/1.80 (0.89) & 2.65 (1.04)/2.7 (0.4 - 4.98) mm at 
the level of aortic annulus, STJ & Sinus of valsalva respectively (Figure 2). All of them (no = 50) had no resi-
dual MAPCS and or PDA after repair. Aortic root dilation was present in 22% (no = 11 pt) of repaired TOF 
while 78% (no = 39 pt) their aortic roots were not dilated. 
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Figure 1. Comparison between patient with dilatation and those with- 
out dilation in surgically repaired patients as regard MDCT measure- 
ment of study population. 

 

 
Figure 2. Comparison between repaired TOF patients with dilatation 
and those without dilation as regard Z score of study population. 

 
Table 4. Operative criteria of surgically repaired TOF patients. 

Characteristics No. (%) 

Age at repair (months) 
Mean (SD) 

Median (range) 

 
73.1 (42.86) 
60 (12 - 186) 

Shunt duration (months) 
Mean (SD) 

Median (range) 

 
143.1 (57.79) 
129 (72 - 264) 

Repair duration (months) 
Mean (SD) 

Median (range) 

 
91.38 (49.99) 
84 (12 - 210) 

Shunt repair interval (months) 
Mean (SD) 

Median (range) 

 
41.7 (27.84) 
33 (12 - 108) 

Residual VSD shunt 
No 
Yes 

 
46 (92.00) 

4 (8.00) 

10
20

30
40

Dilated Not Dilated

Aortic annulus STJ
Sinus of valsalva

0
1

2
3

4
5

Dilated Not Dilated

 zscore of aorticannulus  zscore of  STJ
 zscore of   sinusofvalsalva
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Our repaired tetrallogy of Fallot cases were further divided into two subgroups as regard presence of aortic 
root dilatation defined as aortic root Z score >3 at the level of aortic annulus, sinus of Valsalva & >2.5 at the 
level of STJ (Table 6). Group A1; (Dilated) include 11 patients, their mean & median age was 189.27 (85.33) 
& 174 (60 - 324) months respectively. The mean & median height was 144.18 (23.36) & 149 (105 - 175) cm re-
spectively with mean & median weight in kg 45.64 (17.71) & 45 (18 - 72) respectively. Eight patients were  
 

Table 5. Echo findings of surgically repaired TOF patients. 

Characteristics No. (%) 

LVEF% 
Mean (SD) 

Median (range) 

 
60.68 (5.53) 
62 (48 - 70) 

AR 
No 
Yes 

 
42 (84.00) 
8 (16.00) 

PR 
No 
Yes 

 
24 (48.00) 
26 (52.00) 

RVOT obstruction 
Mean (SD) 

Median (range) 

 
22.68 (11.66) 

20 (6 - 62) 

RVOT obstruction 
<25 mmhg 
≥25 mmhg 

 
33 (66.00) 
17 (34.00) 

PASP mmhg 
Mean (SD) 

Median (range) 

 
47.4 (14.55) 
44 (25 - 93) 

 
Table 6. Aortic root dimensions and corresponding Z score derived 
from MDCT of surgically repaired TOF patients. 

Characteristics No. (%) 

aortic annulus 
Mean (SD) 

Median (range) 

 
20.72 (4.31) 

20.5 (13 - 29) 

Z score 
Mean (SD) 

Median (range) 

 
2.21 (1.17) 

2.33 (0.08 - 4.45) 

STJ 
Mean (SD) 

Median (range) 

 
22.96 (4.65) 

22.5 (14 - 33) 

Z score 
Mean (SD) 

Median (range) 

 
1.80 (0.89) 

1.87 (0.11 - 3.57) 

Sinus of valsalva 
Mean (SD) 

Median (range) 

 
30.14 (6.13) 

29.5 (18 - 42) 

Z score 
Mean (SD) 

Median (range) 

 
2.65 (1.04) 

2.7 (0.4 - 4.98) 

MAPCS/PDA 
No 
+ 

 
50 (100.00) 

0 (0.00) 

Conclusion 
Dilated 

Not dilated 

 
11 (22.00) 
39 (78.00) 
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males representing 72.73% (Table 7). Group A2; (Non-dilated) include 39 patients, their mean & median age 
was 157.49 (75.55) & 156 (36 - 312) months respectively. The mean & median height was 135.87 (28.29) & 
132 (83 - 179) cm respectively with mean & median weight 39.67 (17.51) & 35 (14 - 71) Kg respectively, 
Twenty four patients were males representing 61.54%. There was no statistical significant difference between 
the two groups according to their age and sex (Table 7). Two patients (18.18%) among dilator group had con-
duit repair of pulmonary atresia while none of the patients among the non dilator which was statistically signifi-
cant. Right arch was diagnosed in 54.55% among dilator group (no = 6 pt) while the right arch was founded in 
23.08% (no = 9 pt) among the non dilator which was statistically significant. Only one patient had surgical in-
tervention for absent pulmonary valve among the dilated group (Table 8). The mean & median BSA in the di-
lated & in non-dilated groups were 1.33 (0.38), 1.20 (0.40), 1.37 (0.71 - 1.87) & 1.16 (0.55 - 1.89) m2 respec-
tively. Both groups had O2 saturation >80% but the dilated group had significant lower mean 89 (3.41) & me-
dian 88 (84 - 95) O2 saturation in comparison to non-dilated group with mean & median O2 saturation of 92.23 
(2.79) & 92 (86 - 98) respectively (Table 9). The repaired dilator TOF patients showed statistically significant 
older age at repair with mean & median age of 112.36 (44.50) & 126 (36 - 186) months respectively while the 
non-dilated group had a mean & median age at repair of 62.03 (35.71) & 48 (12 - 162) months respectively. 
There was no statistical significant difference between the two groups as regard shunt & repair duration. The di-
lator group had statistical significant longer shunt repair interval with mean duration of 84 (16.97) & median of 
84 (60 - 108) months while the non-dilated group mean & median shunt repair duration were 27.6 (10.83) & 24 
(12 - 48) months respectively. Residual VSD shunt was present in 36.36% (no = 4 Pt) of dilated group and none 
of the non-dilated group with p value <0.0001 (Table 10). Mean & median LVEF% showed a statistically sig-
nificant lower values in repaired dilator TOF patients equal to 56.18 (7.11) & 58 (48 - 65)% respectively and a  
 

Table 7. Comparison between patient with Aortic root dilatation and those without dilation 
in surgically repaired TOF patients. 

Characteristics Dilated Not dilated p value 

Age 
<96 months 
>96 months 

 
1 (9.09) 

10 (90.91) 

 
9 (23.08) 

30 (76.92) 

 
0.31 

Sex 
Female 
Male 

 
3 (27.27) 
8 (72.73) 

 
15 (38.46) 
24 (61.54) 

 
0.50 

Height 
Mean (SD) 

Median (range) 

 
144.18 (23.36) 
149 (105 - 175) 

 
135.87 (28.29) 
132 (83 - 179) 

 

Weight 
Mean (SD) 

Median (range) 

 
45.64 (17.71) 
45 (18 - 72) 

 
39.67 (17.51) 
35 (14 - 71) 

 

 
Table 8. Comparison between surgically repaired TOF patients with aortic root dilatation 
and those without dilation in relation to aortic arch side and associated disease. 

Characteristics Dilated Not dilated p value 

Conduit repair of  
pulmonary Artesia 

No 
Yes 

 
 

9 (81.82) 
2 (18.18) 

 
 

39 (100.00) 
0 (0.00) 

 
 

0.007* 

Arch side 
Left 

Right 

 
5 (45.45) 
6 (54.55) 

 
30 (76.92) 
9 (23.08) 

 
0.04* 

Tab association 
No 

Absent pulmonary valve 

 
10 (90.91) 

1 (9.09) 

 
39 (100.00) 

0 (0.00) 

 
0.06 
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Table 9. Comparison between surgically repaired TOF patients with dilatation and those 
without dilation in patients as regard BSA and O2 saturation. 

Characteristics Dilated Not dilated p value 

BSA 
Mean (SD) 

Median (range) 

 
1.33 (0.38) 

1.37 (0.71 - 1.87) 

 
1.20 (0.40) 

1.16 (0.55 - 1.89) 

 
0.35 

O2 saturation 
Mean (SD) 

Median (range) 

 
89 (3.41) 

88 (84 - 95) 

 
92.23 (2.79) 
92 (86 - 98) 

 
0.007* 

O2 saturation 
<80 
≥80 

 
0 (0.00) 

11 (100.00) 

 
0 (0.00) 

39 (100.00) 
 

 
Table 10. Comparison between repaired TOF patients with dilatation and those without dila-
tion as regard operative criteria. 

Characteristics Dilated Not dilated p value 

Age at repair 
Mean (SD) 

Median (range) 

 
112.36 (44.50) 
126 (36 - 186) 

 
62.03 (35.71) 
48 (12 - 162) 

 
0.001* 

Shunt duration 
Mean (SD) 

Median (range) 

 
174 (72.50) 

192 (72 - 264) 

 
132.8 (50.75) 
108 (84 - 240) 

 
0.27 

Repair duration 
Mean (SD) 

Median (range) 

 
76.91 (54.26) 
60 (12 - 180) 

 
95.46 (48.69) 
90 (15 - 210) 

 
0.24 

Shunt repair interval 
Mean (SD) 

Median (range) 

 
84 (16.97) 

84 (60 - 108) 

 
27.6 (10.83) 
24 (12 - 48) 

 
0.009* 

Residual VSD shunt 
No 
Yes 

 
7 (63.64) 
4 (36.36) 

 
39 (100.00) 

0 (0.00) 

 
<0.0001* 

 
mean & median of 61.95 (4.32) & 61.95 (4.32)% in the non-dilated group. Among repaired dilator TOF patients, 
there was a statistically significant higher residual RVOT gradient with mean & median of 33.09 (17.66) & 27 
(15 - 62) mmHg with mean & median gradient of 19.74 (7.28) & 19 (6 - 35) mmHg in the repaired non-dilated 
group. On measuring the PASP, mean & median values were 61.18 (18.27) and 62 (38 - 93) mmHg among di-
lated group compared to a mean & median PASO of 43.51 (10.71) and 43 (25 - 78) mmHg in the non-dilated 
group with p value = 0.001. Eight patients 72% of the dilated group had AR of less than moderate while none of 
the patients in the non-dilated group showed AR and this was of statistically significant value (P < 0.0001). 
Pulmonary regurgitation was present in 81% (no = 9 pt) of the dilated group compared to 43% of the non-dilated 
group and this was also of statistically significant value (p 0.03) (Table 11). All measured aortic diameters in-
cluding aortic annulus, STJ & sinus of Valsalva were larger in the dilated group with mean & median of 25.36 
(3.04) 26 (19 - 29), 27.82 (3.49) 28 (21 - 33) & 36.81 (4.47) 37 (27 - 42) mm respectively compared to the mean 
& median of the non-dilated group which were 19.41 (3.68) 18 (13 - 26), 21.59 (3.99) 20 (14 - 28), 28.26 (5.16) 
27 (18 - 38) mm respectively with statistically significant difference (Table 12). Also Z score among repaired 
dilator TOF patients at the level of annulus, STJ & sinus of Valsalva were larger compared to the non-dilated 
group with statistically significant difference (Table 12). 

3.1.2. Group (2): Unrepaired Tetralogy of Fallot Patients 
This group included 50 patients before undergoing any reparative surgery, their mean age at presentation was 
138.06 (82.04) months & median (range) 126 (12 - 312) months, with male predominance 70% (no = 35 pt), 
their mean height & weight 123.51 (30.87) cm & 34.17 (18.41) kg respectively with median 126.5 (61 - 168) cm  
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Table 11. Comparison between repaired TOF patients with dilatation and those without dila-
tion regard Echo finding of study population. 

Characteristics Dilated Not dilated p value 

EF% 
Mean (SD) 

Median (range) 

 
56.18 (7.11) 
58 (48 - 65) 

 
61.95 (4.32) 
62 (55 - 70) 

 
0.03* 

AR 
No 
Yes 

 
3 (27.27) 
8 (72.73) 

 
39 (100.00) 

0 (0.00) 

 
<0.0001* 

PR 
No 
Yes 

 
2 (18.18) 
9 (81.82) 

 
22 (56.41) 
17 (43.59) 

 
0.03* 

RVOT obstruction 
Mean (SD) 

Median (range) 

 
33.09 (17.66) 
27 (15 - 62) 

 
19.74 (7.28) 
19 (6 - 35) 

 
0.02* 

RVOT obstruction 
<25 
≥25 

 
5 (45.45) 
6 (54.55) 

 
28 (71.79) 
11 (28.21) 

 
0.10 

PASP 
Mean (SD) 

Median (range) 

 
61.18 (18.27) 
62 (38 - 93) 

 
43.51 (10.71) 
43 (25 - 78) 

 
0.001* 

 
Table 12. Comparison between repaired TOF patients with dilatation and those without dila-
tion as regard aortic root dimensions and corresponding Z score derived from MDCT of 
study population. 

Characteristics Dilated Not dilated p value 

aortic annulus 
Mean (SD) 

Median (range) 

 
25.36 (3.04) 
26 (19 - 29) 

 
19.41 (3.68) 
18 (13 - 26) 

 
0.0001* 

Z score 
Mean (SD) 

Median (range) 

 
3.91 (0.30) 

4.01 (3.49 - 4.45) 

 
1.73 (0.83) 

1.93 (0.08 - 2.87) 

 
<0.0001* 

STJ 
Mean (SD) 

Median (range) 

 
27.82 (3.49) 
28 (21 - 33) 

 
21.59 (3.99) 
20 (14 - 28) 

 
0.0002* 

Z score 
Mean (SD) 

Median (range) 

 
3 (0.23) 

2.98 (2.74 - 3.57) 

 
1.46 (0.69) 

1.7 (0.11 - 2.4) 

 
<0.0001* 

Sinus of Valsalva 
Mean (SD) 

Median (range) 

 
36.81 (4.47) 
37 (27 - 42) 

 
28.26 (5.16) 
27 (18 - 38) 

 
0.0001* 

Z score 
Mean (SD) 

Median (range) 

 
4.18 (0.35) 

4.13 (3.63 - 4.98) 

 
2.21 (0.69) 

2.35 (0.4 - 3) 

 
<0.0001* 

MAPCS/PDA 
No 
+ 

 
11 (100.00) 

0 (0.00) 

 
39 (100.00) 

0 (0.00) 
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& 29.5 (7 - 68) kg (Table 13). Right aortic arch was diagnosed in 28% (no = 14 pt) while 46% (no = 23 pt) had 
DORV and or pulmonary atresia. TOF was associated with Down syndrome in only one case 2% (Table 14). 
The mean BSA was 1.05 m2 (0.42) with median 1.01 m2 (0.32 - 1.77), their mean O2 saturation was 75.46% 
(9.13) with median 76% (48 - 95). O2 saturation less than 80% was measured in 60% (no = 30 pt) (Table 15). 
The echo data revealed mean LVEF% of 59% (4.86) with median 60% (48 - 71), trivial to mild AR was present 
in 18% (no = 9 pt) & mild PR was present in only one case, the mean gradient across the RVOT was 59.16 
mmHg (19.50) with median 62.5 mmHg (25 - 91) and mean PASP was 32.68 mmHg (15.35) with median of 27 
mmHg (14 - 72). Aortic override >50 was demonstrated in 42% (no = 21 pt) in MDCT imaging (Table 16). The 
mean diameter of the aortic annulus, STJ & Sinus of valsalva was 21.2 (6.40), 23.4 (7.03) & 31.34 (8.31) mm 
respectively with a median of 23 (9 - 35), 25.5 (10 - 40) & 34 (14 - 45) mm respectively (Figure 3). Mean/me- 
dian Z score for the aortic root of this group of patients was 3.06 (1.60)/3.37 (0.33 - 6.26), 2.78 (2.89)/2.74 (0.19 
- 21) & 3.63 (1.17)/3.97 (0.99 5.66) mm at the level of aortic annulus, STJ &Sinus of valsalva respectively 
(Figure 4). MAPCS and or PDA were present in 48% (no = 24 pt) of unrepaired TOF cases in this study. Aortic  
 

Table 13. Demographic characteristics of TOF patients before sur-
gical repair. 

Characteristics No. (%) 

Age 
<96 months 
≥96 months 

 
28 (56.00) 
22 (44.00) 

Sex 
Female 
Male 

 
15 (30.00) 
35 (70.00) 

Height 
Mean (SD) 

Median (range) 

 
123.51 (30.87) 

126.5 (61 - 168) 

Weight 
Mean (SD) 

Median (range) 

 
34.17 (18.41) 
29.5 (7 - 68) 

 
Table 14. Arch Side and associated disease of unrepaired TOF. 

Characteristics No. (%) 

Arch side 
Left 

Right 

 
36 (72.00) 
14 (28.00) 

Tab association 
No 

DORV and pulmonary atresia 
Down syndrome 

 
24 (24.00) 
23 (46.00) 

1 (2.00) 

 
Table 15. BSA and O2 saturation of unrepaired TOF patients. 

Characteristics No. (%) 

BSA (m2) 
Mean (SD) 

Median (range) 

 
1.05 (0.42) 

1.01 (0.32 - 1.77) 

O2 saturation % 
Mean (SD) 

Median (range) 

 
75.46 (9.13) 
76 (48 - 95) 

O2 saturation % 
<80 
≥80 

 
30 (60.00) 
20 (40.00) 
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Figure 3. Comparison between unrepaired TOF patients with dilata-
tion and those without dilation as regard MDCT measurement of the 
aortic root dimensions. 

 

 
Figure 4. Comparison between unrepaired TOF patients with dilata-
tion and those without dilation as regard aortic root Z score. 

 
root dilation was present in 70% (no = 35 pt) of unrepaired TOF while 30% (no = 15 pt) their aortic roots were 
not dilated. Our unrepaired Tetralogy of Fallot cases were further divided into two subgroups as regard presence 
of aortic root dilatation defined as aortic root Z score >3 at the level of aortic annulus, sinus of Valsalva & >2.5 
at the level of STJ (Table 17). Group B1; (Dilated) include 35 patients, their mean & median age was 172.2 
(72.81) & 180 (36 - 312) months respectively. The mean & median height was 137.93 (23.53) & 146 (83 - 168) 
cm respectively with mean & median weight of 41.89 (16.45) & 42 (12 - 68) Kg respectively, thirty patients 
were males representing 85% (Table 18). Group B2; (Not dilated) include 15 patients, their mean & median 
age was 158.4 (31.13) & 166 (12 - 108) months respectively. The mean & median height was 89.87 (16.06) & 
93 (61 - 110) cm respectively with mean &median weight of 16.17 (5.67) & 15 (7 - 26) Kg respectively, five pa-
tients were males representing 33% (Table 18). There was statistical significant correlation between male sex 
and aortic root dilatation among unrepaired TOF cases in our study (p value < 0.0001) but not with the age at 
presentation (Table 18). Right arch was diagnosed in 37.14% among dilated group (no = 13 pt) while the right 
arch was founded in 6.67% (no = 1 pt) among the non dilated subgroup which considered statistically significant 
correlation between right arch and aortic root dilatation (p value 0.03). Pulmonary atresia and or DORV was 
founded in % 62.16 among dilated group (no = 23 pt) while 0% among the non dilated subgroup (p value < 
0.0001) which was highly statistically significant (Table 19). The mean & median BSA in the dilated & in non  
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Table 16. Echo finding of unrepaired TOF patients. 

Characteristics No. (%) 

LVEF% 
Mean (SD) 

Median (range) 

 
59.3 (4.86) 
60 (48 - 71) 

Aortic Regurgitation 
No 
Yes 

 
41 (82.00) 
9 (18.00) 

Pulmonary Regurgitation 
No 
Yes 

 
49 (98.00) 

1 (2.00) 

RVOT obstruction 
Mean (SD) 

Median (range) 

 
59.16 (19.50) 
62.5 (25 - 91) 

RVOT obstruction 
<25 mmhg 
≥25 mmhg 

 
0 (0.00) 

50 (100.00) 

PASP (mmhg) 
Mean (SD) 

Median (range) 

 
32.68 (15.35) 
27 (14 - 72) 

Aortic override 
<50 
≥50 

 
29 (58.00) 
21 (42.00) 

 
Table 17. MDCT measurement of aortic root &corresponding Z 
scores of unrepaired TOF. 

Characteristics No. (%) 

aortic annulus 
Mean (SD) 

Median (range) 

 
21.2 (6.40) 
23 (9 - 35) 

Z score 
Mean (SD) 

Median (range) 

 
3.06 (1.60) 

3.37 (0.33 - 6.26) 

STJ 
Mean (SD) 

Median (range) 

 
23.4 (7.03) 

25.5 (10 - 40) 

Z score 
Mean (SD) 

Median (range) 

 
2.78 (2.89) 

2.74 (0.19 - 21) 

Sinus of valsalva 
Mean (SD) 

Median (range) 

 
31.34 (8.31) 
34 (14 - 45) 

Z score 
Mean (SD) 

Median (range) 

 
3.63 (1.17) 

3.97 (0.99 - 5.66) 

MAPCS/PDA 
No 
+ 

 
26 (52.00) 
24 (48.00) 

Conclusion 
Dilated 

Not dilated 

 
35 (70.00) 
15 (30.00) 
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dilated groups was 1.24 (0.36) 1.26 (0.51 - 1.77) & 0.61 (0.17) & 0.61 (0.32 - 0.85) m2 respectively. The mean 
& median O2 saturation among dilated group was 72.97 (9.78) & 73 (48 - 95)% and 81.27 (2.74) & 81 (76 - 86)% 
among non dilated unrepaired TOF subgroup. Systemic arterial desaturation < 80% was measured in 77.14% (no 
= 27 pt) among the dilated group while 20% (no = 3 pt) among the non dilated subgroup. This reflects a signifi-
cant statistical correlation between systemic arterial desaturation < 80% and aortic root dilation in unrepaired 
TOF (p value < 0.0001) (Table 20). There was statistically significant lower mean & median LVEF% diagnosed 
by echo (p value 0.04) in unrepaired dilated TOF patients equal 58.43 (5.28) & 59 (48 - 71)% compared to a 
mean & median of 61.33 (2.94) & 61 (55 - 66)% in the non dilated group (Table 21). Among unrepaired dilated 
TOF patients there was statistically significant higher RVOT gradient with a mean & median of 66 (17.78) & 69 
(28 - 91) mmHg compared to 43.2 (13.14) & 40 (25 - 66) mmHg in the unrepaired non dilated group (p value 
0.0001) (Table 21). The mean & median PASP pressure was 27.8 (13.68) & 24 (14 - 72) mmHg among dilated  
 

Table 18. Comparison between unrepaired TOF patients with dilatation and those without 
dilation as regard demographic characteristics. 

Characteristics Dilated Not dilated p value 

Age 
<96 months 
>96 months 

 
22 (62.86) 
13 (37.14) 

 
6 (40.00) 
9 (60.00) 

 
0.14 

Sex 
Female 
Male 

 
5 (14.29) 

30 (85.71) 

 
10 (66.67) 
5 (33.33) 

 
<0.0001* 

Height 
Mean (SD) 

Median (range) 

 
137.93 (23.53) 
146 (83 - 168) 

 
89.87 (16.06) 
93 (61 - 110) 

 

Weight (kg) 
Mean (SD) 

Median (range) 

 
41.89 (16.45) 
42 (12 - 68) 

 
16.17 (5.67) 
15 (7 - 26) 

 

 
Table 19. Comparison between unrepaired TOF patients with dilatation and those without 
dilation as regard arch side and associated disease. 

Characteristics Dilated Not dilated p value 

Arch side 
Left 

Right 

 
22 (62.86) 
13 (37.14) 

 
14 (93.33) 

1 (6.67) 

 
0.03* 

Tab association 
No 

DORV & pulmonary atresia 
Down syndrome 

 
13 (35.14) 
23 (62.16) 

1 (2.70) 

 
15 (100.00) 

0 (0.00) 
0 (0.00) 

 
 

<0.0001* 
 

 
Table 20. Comparison between unrepaired TOF patients with dilatation and those without 
dilation as regard BSA and O2 saturation. 

Characteristics Dilated Not dilated p value 

BSA (m2) 
Mean (SD) 

Median (range) 

 
1.24 (0.36) 

1.26 (0.51 - 1.77) 

 
0.61 (0.17) 

0.61 (0.32 - 0.85) 
 

O2 saturation % 
Mean (SD) 

Median (range) 

 
72.97 (9.78) 
73 (48 - 95) 

 
81.27 (2.74) 
81 (76 - 86) 

 
0.0004* 

O2 saturation % 
<80 
≥80 

 
27 (77.14) 
8 (22.86) 

 
3 (20.00) 

12 (80.00) 

 
<0.0001* 
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Table 21. Comparison between unrepaired TOF patients with dilatation and those without 
dilation as regard Echo finding. 

Characteristics Dilated Not dilated p value 

LVEF% 
Mean (SD) 

Median (range) 

 
58.43 (5.28) 
59 (48 - 71) 

 
61.33 (2.94) 
61 (55 - 66) 

 
0.04* 

Aortic Regurgitation 
No 
Yes 

 
26 (74.29) 
9 (25.71) 

 
15 (100.00) 

0 (0.00) 

 
0.03* 

Pulmonary Regurgitation 
No 
Yes 

 
34 (97.14) 

1 (2.86) 

 
15 (100.00) 

0 (0.00) 

 
0.51 

RVOT obstruction 
Mean (SD) 

Median (range) 

 
66 (17.78) 

69 (28 - 91) 

 
43.2 (13.14) 
40 (25 - 66) 

 
0.0001* 

RVOT obstruction 
<25mmhg 
≥25mmhg 

 
0 (0.00) 

35 (100.00) 

 
0 (0.00) 

15 (100.00) 

 
0.02* 

PASP(mmhg) 
Mean (SD) 

Median (range) 

 
27.8 (13.68) 
24 (14 - 72) 

 
44.07 (13.09) 
39 (26 - 64) 

 
0.0001* 

Aortic override 
<50 
≥50 

 
15 (42.86) 
20 (57.14) 

 
14 (93.33) 

1 (6.67) 

 
0.001* 

 
group compared to 44.07 (13.09) & 39 (26 - 64) mmHg in the non dilated group with (p value < 0.0001) (Table 
21). Aortic regurgitation was diagnosed in 25.71% (no = 9 pt) of the dilated group, no patient in the not dilated 
group showed AR and this was of statistically significant correlation (p value 0.03) (Table 21). Aortic overrid-
ing > 50% was demonstrated in 57.14% (no = 20 pt) among dilated unrepaired compared to 6.67% among non 
dilated group which gives a significant statistical correlation between aortic override >50% and aortic root dila-
tion (Table 21). All the measured diameters across aortic annulus, STJ & sinus of Valsalva were larger in the 
dilated unrepaired group with mean & median of 24.63 (3.99) & 25 (15 - 35), 27.2 (4.26) & 27 (17 - 40), 35.97 
(4.59) & 36 (24 - 45) mm respectively compared to a mean & median of 13.2 (2.62) & 13 (9 - 17), 14.53 (2.90) 
& 14 (10 - 19), 20.53 (3.40) & 21 (14 - 25) mm respectively in the not dilated unrepaired group with significant 
statistical difference (p value < 0.0001) (Table 22). Also Z score among unrepaired dilated TOF patients at the 
level of annulus, STJ & sinus of Valsalva were larger in comparison to the non dilated unrepaired group with 
significant statistical difference (p value < 0.0001) (Table 22). MAPCAs and or PDA were founded in 54.29% 
(no = 19 pt) among unrepaired dilators TOF, but none in the unrepaired non dilated TOF group (Table 22). 

4. Discussion 

The current study is an observational study to assess the relationship between clinical characteristics of patients 
with TOF including age and other variables with aortic root dilatation. Measurements of the aorta were made at 
the annulus, sinuses and sinotubular junction (STJ) converted to z-scores based on body surface area. 

4.1. Aortic Root Dilatation in Repaired Tetralogy of Fallot  
Surgeries for TOF have increasingly included intervention on the ascending aorta [24]. In operated patients with 
TOF, the cause of aortic root dilatation is thought to be predominantly secondary to chronic hemodynamic stress 
from volume overload of the aorta [25]. In 1997, Dodds and colleagues described the first series report about 
progressive aortic regurgitation and aortic root dilatation after complete, uncomplicated repair of TOF (9). A 
second study done in 2002 by Niwa K, concluded that long-standing volume overload of the aortic root can  
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Table 22. Comparison between unrepaired TOF patients with dilatation and those without 
dilation as regard MDCT measurement of aortic root &corresponding Z score. 

Characteristics Dilated Not dilated p value 

Aortic annulus 
Mean (SD) 

Median (range) 

 
24.63 (3.99) 
25 (15 - 35) 

 
13.2 (2.62) 
13 (9 - 17) 

 
<0.0001* 

Z score 
Mean (SD) 

Median (range) 

 
3.97 (0.85) 

3.71 (3.03 - 6.26) 

 
0.93 (0.51) 

0.7 (0.33 - 1.68) 

 
<0.0001* 

STJ 
Mean (SD) 

Median (range) 

 
27.2 (4.26) 
27 (17 - 40) 

 
14.53 (2.90) 
14 (10 - 19) 

 
<0.0001* 

Z score 
Mean (SD) 

Median (range) 

 
3.09 (0.62) 

2.8 (2.56 - 5.04) 

 
2.07 (5.26) 

0.7 (0.19 - 21) 

 
<0.0001* 

Sinus of valsalva 
Mean (SD) 

Median (range) 

 
35.97 (4.59) 
36 (24 - 45) 

 
20.53 (3.40) 
21 (14 - 25) 

 
<0.0001* 

Z score 
Mean (SD) 

Median (range) 

 
4.31 (0.59) 

4.3 (3.24 - 5.66) 

 
2.04 (0.38) 

2.02 (0.99 - 2.46) 

 
<0.0001* 

MAPCS/PDA 
No 
+ 

 
16 (45.71) 
19 (54.29) 

 
15 (100.00) 

0 (0.00) 

 
<0.0001* 

 
cause aortic root dilatation in adults with a repaired TOF (2). Another causative mechanism for progressive aor-
tic root dilatation is marked histological abnormalities in the aortic root and ascending aortic wall [26]. Progres-
sive dilatation of the aortic root during long-term follow-up has also frequently been described after TOF repair; 
ranging in incidence between 15% - 88% depending on definition of aortic root dilatation [26]. Our study dem-
onstrated a dilated aortic root in 11 patients after surgical repair of Tetralogy of Fallot (TOF) representing 22% 
of the study population. Aortic root measurements and the derived Z scores were >3 at the level of both aortic 
annulus and sinus of valsalva, with a Z score > 2.5 at the level of sinotubular junction. The optimal definition for 
aortic root dilatation remains controversial. Normal aortic size is determined by age, sex, body size, location of 
the measurement, and robustness of the imaging modality. Consequently, normograms and z scores that adjust 
for age and body size are thought to more accurately identify aortic root dilatation [27]. In 2002 Niwa K re-
ported a series of 32 patients who demonstrated a dilated aortic root after surgical repair of Tetralogy of Fallot 
[2]. Aortic root size measured by echocardiography was >1.5 expected diameter by standard nomogram. This 
“dilator” group comprised almost 15% of their TOF patient population. Characteristics of these patients with 
TOF compared with age-matched controls included a higher prevalence of pulmonary atresia, a longer shunt-to- 
repair interval, and a right aortic arch. Other features were consequent on the dilated aorta rather than causal, 
moderate-to-severe aortic regurgitation and a larger left ventricle by echocardiography. Moreover, there was no 
significant difference in age at repair, duration of follow-up from repair, and time from the first to the last echo 
study between dilator and non-dilator TOF patients. Pulmonary atresia and a right aortic arch were more com-
mon in dilator group. Dilators had a longer time interval from palliation to repair and a greater root size mar-
kedly increased late after TOF repair in dilators compared with TOF controls. However, in our study, repaired 
dilator TOF patients showed statistically significant older age at repair with a p value of 0.03, thus younger age 
at repair may abrogates late aortic root dilatation. This result is considered concordant to that done by Bhat et al., 
who reported that repair of TOF in infancy is associated with normalization of aortic root size in mid childhood 
with continuing normalcy into later childhood, whereas repair after infancy allows the persistence of marked 
aortic dilatation [28]. Also he concluded that early repair obviates the need for palliative shunts with their atten-
dant complications, such as pulmonary artery distortion and aortic root dilatation [28]. Thus early volume un-
loading of aortic outflow with definitive repair may avoid progressive aortic root dilatation [28]. Rao BNS et al., 
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in one publication reported no gender predominance among patients with TOF [29]. In contrast, there was a 
clear male predominance among patients with dilated aortic root even after indexing for body surface area and 
adapting for age according to Roman et al. [30]. In our study, although there was male predominance in the di-
lated repaired group being eight patients out of eleven, this was not statistically significant with a p value of 0.5. 
Niwa k et al., reported high incidence of right aortic arch 50% among dilator repaired TOF patients compared to 
non-dilator patients 26%. In our study 54% was the incidence of right aortic arch among dilator repaired TOF 
patients compared to 23% among non-dilators with statistical significant correlation between right arch and aor-
tic root dilation with a p value of 0.04. Also Niwa k et al., demonstrated 19% of the dilator repaired TOF pa-
tients had conduit repair for pulmonary atresia while none among the non-dilator group [31]. The result of our 
study is concordant to him with 18% of the dilator repaired TOF patients had conduit repair for pulmonary atre-
sia while none among the non-dilator group. Moreover, Niwa k et al., reported 9% incidence of residual ventri-
cular septal defect among dilator repaired TOF patients in his study while 4% among the non-dilator group [31]. 
Compared to our study, residual ventricular septal defect was detected in 36% in the dilator repaired patients 
which was 4 fold higher than the previous study, also there was no residual ventricular septal defect detected in 
the non-dilator group with significant statistical correlation between residual VSD shunt and aortic root dilata-
tion. In a recent study done by Nagy et al., on 2012, he concluded that, aortic regurgitation (AR), residual ven-
tricular septal defect (VSD), and TOF with pulmonary atresia (TOF/PA) were associated with dilated aortic root 
and that sinus of Valsalva dilation after TOF repair is common and persists with aging [32]. Residual right ven-
tricular outflow tract obstruction can persist after initial corrective surgery due to hypertrophied muscle in the 
subvalvular region, annular hypoplasia, pulmonary valve stenosis, or branch pulmonary artery stenosis [33]. 
Niwa K, in his study found association between absent pulmonary valve and aortic root dilatation, the incidence 
of absent pulmonary valve was 9% among dilator repaired TOF patients while zero among the non dilator group 
[34]. However in our study, a single patient with absent pulmonary valve was only found among dilator group, 
but there was no association to aortic dilatation due to lack of cases in our repaired patients. In our study dilated 
repaired group had significant lower mean& median O2 saturation in comparison to non-dilated group therefore; 
correcting hypoxemia could protect against continuous development of aortic dilatation [35]. According to 
Chong WY, et al. 2006, aortic regurgitation was present in 12% of patients who tended to have larger Z scores 
at all aortic levels [36]. Aortic regurgitation is probably secondary to aortic root dilation as suggested by the 
greater Z scores of aortic dimensions in patients with aortic regurgitation compared to those without aortic re-
gurgitation. In a second study done by Bhat, et al. on 2004, mild aortic regurgitation was reported in 23% of in-
fancy repaired group, whereas more than mild aortic regurgitation was observed in 18% of the post-infancy re-
paired group [28]. In our study, however less than moderate aortic regurgitation was observed in 16% of re-
paired TOF patients who had larger Z scores at all aortic levels which was concordant to the above mentioned 
studies. Furthermore, aortic regurgitation secondary to aortic root dilatation occurred both in patients with re-
paired TOF with either pulmonary stenosis or pulmonary atresia [9]. In a study done by Chong et al., reported 
aortic root dilation in 67 children after repair of TOF; aortic dilation defined as a Z-score more than 2 was found 
in 88% at the annulus and 87% at the sinus of valsalva. Duration of follow-up was the only determinant of dila-
tion; aortic regurgitation was present in 12% of patients who had larger dimensions at all aortic levels. These pa-
tients had increased aortic stiffness and reduced strain and distensibility. In this study TOF repair was performed 
at 3 years on average, and despite relatively early correction, the cases showed progressive aortic dilation. He 
has considered aortic dilation after TOF repair to be caused by the large right-to-left shunting occurring over 
many years before repair [36]. Francois K. et al., is the first to show on a larger data set, a regression of the aor-
tic root diameters at different levels, with fastest size regression at the level of the aortic annulus and STJ, spe-
cifically during the first 3 years after repair. The size decrease in the aortic sinus appears to be slower but con-
sistent, as proven by a significant decrease of indexed sinus diameter in most patients at the latest follow up [23]. 
In our study, larger mean and median Z scores values were recorded at the level of sinus of valsalva in compar-
ison to the level of the aortic annulus and STJ values.  

4.2. Aortic Root Dilatation in Unrepaired Tetralogy of Fallot  
The first case report of progressive ascending aortic dilation in patients with TOF was published in early 1970s 
[37]. Chowdhury et al., reported aortic diameter measured by echocardiography showed significant dilatation in 
66.3% of unrepaired patients with TOF in one publication and 68.9% in another publication [38]. In our study, 
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aortic root diameter measured by MDCT showed significant dilation in 70% of unrepaired TOF patients. In 
Mayo Clinic series, the largest aortic root measured was 8.5 cm in diameter without dissection. The literature 
documents two isolated reports of aortic dissection with aortic root diameters of 6.45 cm [39] and 6.1 cm [40]. 
In our study the largest aortic root measured was 5.6 cm in diameter without dissection at the level of sinus of 
valsalva in uncorrected TOF patients. Two hypotheses have been postulated to explain this dilation. Firstly, in-
creased blood flow from both ventricles to the overriding aorta before surgical repair is thought to be an under-
lying pathogenic mechanism, posing increased stress on the aortic wall [31]. Secondly, histological changes of 
the aortic media resembling those observed in patients with Marfan syndrome and bicuspid aortic valve 
So-called “cystic medial necrosis” is a misnomer because necrosis is seldom encountered and there are no true 
cysts; nonetheless, there is a non-inflammatory loss of smooth muscle cells, mucoid degeneration, and fragmen-
tation of the elastic fibers within the media [34]. Incidence of male sex was 86.2% among TOF patients with di-
lated aorta [38]. In our study, we reported 85.71% incidence of male sex among TOF patients with dilated aorta 
which was statistically significant. Aortic elasticity and distensibility are known to decline with age; these 
changes occur earlier and are accelerated among men [41]. Moreover, aortic stiffening precedes aortic dilation 
and predicts progressive aortic dilation, indicating that aortic stiffness plays a causative role in aortic dilation [42] 
[43]. This may be applicable for TOF patients and may explain in part the male predominance among dilator 
aortic group. Chronic hypoxia, is inevitable in patients with TOF before surgical correction, this has been shown 
to generate growth factors and matrix proteins that can induce irreversible vascular remodeling, smooth muscle 
proliferation and fibrosis [44]. In our study we reported significant statistical correlation between systemic ar-
terial desaturation < 80% and aortic root dilation in unrepaired patients. On the other hand Bhat et al., 2004, re-
ported no correlation between systemic saturation and aortic root size. Conceivably, aortic root dilatation is 
proportional to pulmonary stenosis (developmental basis). Additionally, antegrade flow across the aortic root 
increases proportionately to the severity of pulmonary outflow obstruction (hemodynamic basis) [28]. However, 
using systemic saturation as an index of pulmonary outflow obstruction in TOF may be a simplification that 
does not address multiple levels of obstruction or the presence of collateral blood supply. In a previous study 
conducted in 2002 by Niwa et al., the high incidence of right aortic arch (50%) and pulmonary atresia (19%) in 
their patients with marked aortic root dilatation and the relatively common coexistence of absent pulmonary 
valve syndrome may suggest a possible link between aortic root dilatation and chromosome 22 q11deletion. 
However, this was purely speculative and they did not have data on phenotypes or chromosomal analysis for 
their patients [2]. Right aortic arch has been reported in 25% of patients with TOF and is more common in pa-
tients with TOF and pulmonary atresia [45]. Furthermore, right aortic arch, pulmonary atresia, or absent pulmo-
nary valve syndrome are common morphological features among TOF patients with 22q11 deletion [46]. We 
found statistically significant correlation between right arch and aortic root dilatation in our study, right arch has 
been reported in 28% of our TOF patients before intra-cardiac repair and in 37.14% in those with dilated aorta. 
Marelli AJ et al. 1994, substantiate suggestions of progressive right ventricular outflow tract obstruction in un-
repaired TOF, with the extreme form being pulmonary atresia, increases right to left shunt through the ventricu-
lar septal defect and in turn the volume overloaded may contribute to aortic root dilatation [47]. In our study sta-
tistical significant higher RVOT gradients were measured among unrepaired TOF patients with dilated aortic 
root than those without root dilatation meanwhile significant lower PASP values were measured among unre-
paired TOF patients with dilated aortic root than those without root dilatation. Chowdhury et al., demonstrated 
the presence of MAPCAs in (52.9%) of 51 patients with aortic root dilatation. Medionecrosis, one of the histo-
logical abnormalities of the aortic media in dilated aorta was more prevalent in patients with presence of 
MAPCAs [38]. In our study 54.29% of 35 patients with aortic root dilatation had MAPCs and or PDA. Aortic 
regurgitation in Tetralogy of Fallot imposes volume overload on both ventricles, but more importantly on the 
right ventricle which also confronts systemic afterload [2]. Although, initial palliative surgery involving arterial 
shunts (e.g. Blalock-Taussig shunt) would invariably result in greater aortic volume overloading with increased 
hemodynamic stress to the aortic wall, this was not identified as a significant determinant in a recent study [36]. 
In unrepaired TOF patients, AR is progressive and has been attributed primarily to lack of support of the aortic 
valve cusps, which prolapse into the sub-aortic VSD [48]. In addition, there is often dilation of the aortic annulus 
because the aorta receives most or all of the blood from both ventricles and this can contribute to aortic regurgi-
tation. Other causes of aortic regurgitation in these patients include a congenitally abnormal aortic valve and 
damage from endocarditis [49]. In our study 25.71% among the dilator unrepaired TOF patients had up to mild 
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AR, which represent a significant statistical correlation between AR and aortic root dilation with a p value of 
0.03. Therefore, aortic dilatation and increased aortic stiffness due to aortic wall pathology in TOF patients may 
have a contributive effect on the development of AR and LV dysfunction, in addition to adverse right-to-left 
ventricular interaction [50]. Chowdhury et al. reported (60.7%) incidence of aortic dilatation in patients with 
double outlet right ventricle (DORV) or TOF with pulmonary atresia; he demonstrated a relationship between 
aortic root dilatation and the presence of DORV [38]. In our study (62.16%) of unrepaired dilator TOF patients 
had double outlet right ventricle (DORV) or TOF with pulmonary atresia, also we demonstrated a significant 
correlation between aortic root dilatation and the presence of DORV. However, Tan JL et al., observed no cor-
relation between grade 2 or 3 histological changes in the aortic wall and pulmonary atresia, male sex, right aortic 
arch, or previous palliative surgery [26]. Another potential explanation for aortic root dilatation in patients with 
pulmonary atresia includes the disproportionate sharing of conotruncal tissue between aorta and pulmonary ar-
tery [51]. Moreover, Chowdhury reported 78.4% of patients with significant aortic root dilatation had aortic 
override greater than 50%, whom they were found to be at increased risk of medionecrosis, development of fi-
brosis and muscle disarray in the aortic media predisposing to aortopathy [38]. In our study 57.14% of unre-
paired dilator TOF patients had aortic override greater than 50% with statistically significant interrelationship 
between aortic root dilation and the degree of aortic overriding to the subaortic ventricular septal defect.  

5. Limitations 
The principal limitation of this study is its small sample size. Large number of patients is required to determine 
the extent of this problem and its correlation with various clinical entities with longer period of observation in 
future studies. The second limitation is that data on aortic root size before and early after TOF repair were not 
available. Thirdly, the echo studies were performed by different echocardiographers; therefore, inter- and in-
tra-observer variability could not be assessed. In addition, 22q11 mutation status was not assessed in this cohort. 
Lastly, as patients with a dilated aorta were more likely to be followed up often, it is possible that the study suf-
fers from ascertainment bias. This effect may be partly responsible for the apparent significant increase in Z 
score over time. 

6. Conclusion 
Male sex, previous conduit repair of pulmonary artesia, right aortic arch, systemic arterial desaturation, older 
age at repair, longer shunt to repair interval, residual post operative VSD shunt, impaired LV systolic function, 
presence of aortic regurgitation, pulmonary regurgitation, severe right ventricular outflow tract obstruction, TOF 
with pulmonary atresia, aortic override greater than 50%, major aortopulmonary collaterals and/or PDA were 
independent risk factors for aortic root dilatation in Tetralogy of Fallot. These risk factors account for or may 
coexist with the higher incidence of aortic root dilatation encountered in subset of patients with TOF subjected 
to long-standing cyanosis and volume overload. 
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