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Background: The tetralogy of Fallot (TOF) is comprised of an anterior deviation of the septal insertion of the 
cardiac infundibular septum that leads to four detrimental morphological features which include a narrowing of 
the right ventricular outflow tract. A precise morphology of the frontal architecture of the affected right ventric-
ular outflow tract has not yet been described even though its reconstruction is a critical part of TOF repair. We 
hypothesized that blood flow through this tract narrowed from behind by an anteriorly deviated infundibular 
septum causes an anterior prominence compared to the normal heart.
Methods: 51 cases of TOF versus 34 control cases of isolated ventricular septal defect (VSD) without pulmonary 
hypertension were reviewed by applying a geometric method to clarify cardiac morphology. We analyzed each 
triangle (AOP) and compared the data between the TOF and control groups, but our hypothesis was disproven 
as the TOF anterior faces were not anteriorly prominent.
Results: Several angles were shortened on analysis. However, after geometric comparison of triangle AOP 
between groups, we found only very small visible differences in the overall shapes of the triangles. The relative 
heights of anterior prominence of the right ventricular outflow tract were nearly the same in both groups.
Conclusions: An anteriorly deviated infundibular septum has no relationship with the anterior wall of the right 
ventricular outflow tract and that surgeons should expand the anterior wall of the right ventricular outflow tract 
forward to conform to the deviated infundibular septum during TOF repair to restore normal blood flow.
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Introduction
Tetralogy of Fallot (TOF) describes a well-known 

combination of four cardiac, congenital morphological 
features due to a single developmental defect: an ante-
rior deviation of the septal insertion of the infundibular 
septum from its usual position in the normal heart.1, 2) 
It is widely recognized that this causes malalignment of 

the outlet septum with the rest of the septum leading to 
the septally defective aorta connecting to both ventricles 
and a narrowed subpulmonary infundibulum.3, 4) In 
spite of numerous reviews and studies,5‒8) however, the 
question of the frontal architecture around the right ven-
tricular outflow tract of this morphological abnormality 
has yet to be investigated.

Reconstruction of the narrowed right ventricular out-
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flow tract is an important element for total correction of 
TOF. Reconstruction without stenosis and regurgitation 
provides unrestricted blood flow and preserves right 
ventricular function that leads to better quality of life 
and prognosis. Even though creation of the right ven-
tricular outflow tract itself is a prime concern for any 
surgeon, however, the anterior structure surrounding 
this reconstruction receives only secondary consider-
ation. As the optimal age for repair decreases within 
the infant stage,9, 10) it becomes much more critical for 
reconstruction to maintain function for the longer peri-
ods of an expected lifespan.11, 12) It therefore behooves 
the surgeon to deeply consider any subsequent struc-
tural changes in the anterior area of the outflow tract to 
optimize the surgical approach for maximum quality.

We hypothesized that blood flow pressure on the right 
ventricular outflow tract (which peak pressure is usually 
as similar high as that of left ventricle due to large VSD) 
could cause an anterior wall prominence together with 
anteriorly deviated septum from behind compared to a 
normal heart. If this phenomenon is not related to the 
defect, however, the surgical intervention could then 
take it into account when planning the anterior expan-
sion of the stenotic outflow tract. An understanding 
of this detailed mechanism and its implications would 
therefore help us to realize an ideal surgical repair for the 
tetralogy of Fallot.

Objective
We used right ventriculography on cardiac catheter-

ization to visualize and plan surgical intervention as well 
as establish a baseline for the anatomy of the front face of 
the right ventricular outflow tract.

Materials
We reviewed 51 cases of tetralogy of Fallot from 

Ibaraki Children’s Hospital from March 1996 to Decem-
ber 2014. Cases with comorbidity of atrioventricular 
septal defects, pulmonary atresia, and absent pulmo-
nary valves were excluded. We also reviewed 34 cases 
of isolated ventricular septal effects without pulmonary 
hypertension during the same period, whose right 
ventricular outflow tract structure was considered to 
be nonspecific. None of the cases had been surgically 
treated until the cardiac catheterization in this study.

Methods
We applied a geometric method to clarify the mor-

phology of the right ventricular outflow tract. Using 
the lateral view of right ventriculography on cardiac 
catheterization, we defined 3 fixed points on the anterior 
face from the right ventricular apex through to the main 
pulmonary artery at the timing of end-diastolic phase. 
Point “A” was on the apex of right ventricle and point 
“P” was on the main pulmonary artery at the right/left 
bifurcation. These two fixed flow points are not affected 
by the degree of anterior prominence of the right ven-
tricular outflow tract. Point “O” was the most prominent 
point which could get maximum distance from AP on 
the right ventricular outflow tract (Fig. 1). We made 
geometric measurements on a triangle defined as AOP. 
The length of AP, AO, and OP were measured. Also the 
height “h” of the triangle from base AP to point O, and 
the angle “∠AOP” was measured as the value represent-
ing the degree of anterior prominence of the right ven-
tricular outflow tract. Similar measurements were done 
on VSD hearts. The results were compared between the 
tetralogy of Fallot (TOF group, n=51) and ventricular 
septal defect groups (VSD group, n=34).

All quantitative values were summarized as the 
median and range. Comparisons between the groups 
were done using the Mann‒Whitney U test. All reported 
p values are 2-sided and the level of significance was 
0.05. Statistical analysis was performed using SPSS sta-
tistical software (version 22, IBM SPSS Inc., Armonk, 
NY).

Fig. 1 Lateral view of right ventriculography and a 

diagram of defined 3 fixed points on the front 

face of right ventricular outflow tract which 

form a triangle
A apex of right ventricle, O most prominent point of 
right ventricular outflow tract, and P main pulmonary 
artery at bifurcation. Also h the height and angle 
∠AOP of triangle AOP are shown.
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Results
Median age at the study was 362 days in the TOF 

group (range, 47‒1157 days), and 237days in the VSD 
group (range, 47‒2533 days). Height and body weight of 
each group was 71.0 cm (range 50.2‒84.2 cm) and 8.5 kg 
(range 2.8‒12.2 kg) in the TOF group, 69.4 cm (range 
55.3‒114.0 cm) and 7.9 kg (range 4.1‒21.3 kg) in the VSD 
group (Table 1). These differences were not found to be 
significant. Actual length of AP, which stands for the 
distance of a straight line from the apex of right ventric-
ular to the main pulmonary artery at bifurcation, was 
60.3 mm (range 44.3‒84.5 mm) in the TOF group, which 
was significantly shorter (p<0.001) than the 63.7 mm 
(range 26.3‒99.9 mm) measurement in the VSD group. 
Length of AO, which stands for the distance of a straight 
line from the apex to the most prominent point of 
right ventricular outflow tract, was 44.4 mm (range 
28.7‒62.0 mm) in the TOF group which was shorter 
(p<0.001) than the 51.3 mm (range 22.1‒84.4 mm) in 
the VSD group. The quantity of the differences between 
the groups was very small, however they were obvious. 
Length of OP, which stands for the distance of a straight 
line from the most prominent point of right ventricular 
outflow tract to pulmonary bifurcation, was 26.3 mm 
(range 15.9‒40.9 mm) in the TOF group and 28.3 mm 

(8.9‒37.5 mm) in the VSD group and no significance 
was found in this difference (Table 2). Scatter diagrams 
of actual values of the AOP triangle of both groups are 
shown in Fig 2. Since the length of AP, which is the base 
of triangle AOP, differs in each group, we utilized the 
length of AO and OP proportional to AP to compare the 
geometric shape itself of the AOP triangle between the 
groups. Points A and P were the two fixed points which 
we defined as a point which would not be affected by the 
degree of anterior prominence of the right ventricular 
outflow tract. Relative length of AO for AP (relative 
AO=AO/AP) was 0.73 (range 0.56‒0.91) in the TOF 
group and this was significantly smaller (p=0.004) than 
the 0.78 (range 0.70‒0.86) value in the VSD group. Rela-

Table 1　Clinical characteristics of patients

TOF group  
(n=51)

VSD group  
(n=34)

p Value

Age, days  
(range)

362 (47‒1157) 237 (47‒2533) 0.43

Height, cm 
(range)

71.0 (50.2‒84.2) 69.4 (55.3‒114.0) 0.62

Weight, kg 
(range)

8.5 (2.8‒12.2) 7.9 (4.1‒21.3) 0.60

TOF tetralogy of Fallot, VSD ventricular septal defect

Table 2　Actual length of 3 sides of triangle AOP

TOF group 
(n=51)

VSD group 
(n=34)

p Value

AP, mm
60.3  

(44.3‒84.5)
63.7  

(26.3‒99.9)
<0.001

AO, mm
44.4  

(28.7‒62.0)
51.3  

(22.1‒84.4)
<0.001

OP, mm
26.3  

(15.9‒40.9)
28.3  

(8.9‒37.5)
0.17

Fig. 2 Scatter diagram of actual lengths of 3 sides of 

triangle AOP



58

J Pediatr Cardiol Card Surg　Vol. 2, No. 1 (2018)

tive length of OP for AP (relative OP=OP/AP) was 0.44 
(range 0.33‒0.59) in the TOF group which was longer 
(p<0.001) than the 0.41 (range 0.28‒0.48) result in the 
VSD group (Table 3). We also investigated the height h 
and angle ∠AOP to determine how prominent the right 
ventricular outflow tract is in the tetralogy of Fallot. 
Relative length of h for AP (relative h=h/AP) was 0.30 
(range 0.19‒0.41) in the TOF group and 0.29 (range 
0.21‒0.36) in the VSD group which was not found to be 
significant. Angle ∠AOP in the TOF group was 112.5° 
(range 96.2‒134.8°) and 112.5°(range 98.6‒126.3°) in 
the VSD groups; this difference, even though the ranges 
varied, was not found to be significant (Table 3). Fig. 3 
shows the complete schema of triangles representing the 
architecture of the right ventricular outflow tract in both 
the TOF and VSD groups. The difference in geometric 
shapes of triangles between the groups was insignificant.

Discussion
The actual length of AP and AO were significantly 

shorter in the TOF group. Since measurements in 
this study were from ventriculography, results would 
therefore reflect the length of the endocardial side of 
the heart. In this case, afferent hypertrophy of the right 
ventricle due to TOF might be the reason for the short-
ened AP and AO. However, after geometric comparison 
of triangle AOP between the groups, we found only 
very small visible differences in the overall shapes of the 
triangles. The relative heights of anterior prominence of 
the right ventricular outflow tract were nearly the same 
in both groups. ∠AOP, which, to date, has not been 
reported in previous studies, was identified as 112.5°in 
both groups. Taken together, this does not support the 
hypothesis that the tetralogy of Fallot affects the anterior 
architecture of the right ventricular outflow tract.

Therefore, our sub-hypothesis that blood flow through 
a narrowed right ventricular outflow tract caused by an 
anteriorly deviated infundibular septum could cause the 
right ventricular outflow tract to develop anterior prom-
inence was also not supported. One possible reason for 
the failure of the hypothesis could be due to load fluc-
tuation: TOF causes the right ventricle to develop two 
outputs, one being the narrowed tract to the pulmonary 
artery and the other to the overriding aorta. In this case, 
flow direction is decided by afterload resistance and 
blood flow passing through the right ventricle may find 

Table 3　Relative lengths for AP of each side and height of triangle AOP, and angle ∠AOP

TOF group (n=51) VSD group (n=34) p Value

Relative AP=AP/AP 1.0 1.0 na

Relative AO=AO/AP 0.73 (0.56‒0.91) 0.78 (0.70‒0.86) 0.004

Relative OP=OP/AP 0.44 (0.33‒0.59) 0.41 (0.28‒0.48) <0.001

TOF group (n=51) VSD group (n=34) p Value

Relative h=h/AP 0.30 (0.19‒0.41) 0.29 (0.21‒0.36) 0.35

Angle ∠AOP° 112.5 (96.2‒134.8) 112.5 (98.6‒126.3) 0.44

Fig. 3　Who can say the difference?
Schema of triangles representing the right ventricular 
outflow tract feature in profile of TOF group and VSD 
group.
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easier drainage into the overriding aorta instead of push-
ing the anterior wall of the right ventricular outflow tract 
forward. Also, the degree of deviation in the anterior 
infundibular septum directly translates into narrowing 
of the outflow tract to become totally obstructed (i.e., 
tetralogy of Fallot with pulmonary atresia) when the 
degree of anterior deviation is severe. From our study, 
we could not point out specific anterior features of the 
right ventricular outflow tract in the tetralogy of Fal-
lot. From the morphological literatures and textbooks, 
degree of infundibular deviation related to the degree 
of infundibular stenosis. There is a possibility that the 
nonspecific features in this area may be adjunctive 
mechanisms of infundibular stenosis combined with an 
anteriorly deviated infundibular septum.

There are several limitations in this study. Since mea-
surements were from ventriculography, results would 
reflect only the endocardial side of the heart, which may 
slightly differ from the real morphology of the heart. 
Also, as all ventriculography measurements were done 
using a lateral side view, the rotation of the heart in each 
individual was not considered. This may factor in to loss 
of precision in measurements.

Conclusions
In conclusion, an anteriorly deviated infundibular 

septum which narrows the right ventricular outflow 
tract (the essence of morphological feature of TOF) 
has no significant correlation to the anterior wall of 
the right ventricular outflow tract. Furthermore, the 
anterior profile of the right ventricular outflow tract in 
TOF is nonspecific. Surgeons should be aware of this 
morphological feature and expand the anterior wall of 
the right ventricular outflow tract forward in conformity 
to the anteriorly deviated infundibular septum to restore 
proper blood flow passage.
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