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Abstract

Background: In patients with transposition of the great arteries (TGA), commissural malalignment (CM) between
semilunar valves may be associated with abnormal coronary (CA) pattern. We intend to assess the degree of CM
with incidence of unusual CA anatomy.

Methods: We proposed a ratio to measure the distance of both ends of the anterior facing sinuses of the
pulmonary valve from the facing commissure of the aortic valve. We labeled it as D1 and D2 distance. A ratio (C
ratio) of the smaller distance (either D1 or D2 whichever is shorter) over the sum of both D1 and D2 was taken (D1
or D2 whichever is shorter / D1 + D2). We related this ratio with the incidence of the unusual CA anatomy in D-TGA
patients.

Results: We had a total of 158 patients. We defined the point beyond which the C-Ratio becomes significantly
associated with abnormal coronary artery pattern, this represents the median effective level (EL50). The EL50 of the
C-Ratio was found to be equal to 31% (0.31). The prediction revealed that the CA pattern would most probably be
usual when there is a minor commissural malalignment (C-Ratio less than the EL50) and most probably be unusual
when there is a major malalignment (C-Ratio is greater than the EL50). The sensitivity was 71% and the specificity
88% (p-value < 0.0001).

Conclusions: The C-Ratio helps to categorize the degree of CM as minor (less than 0.31) or major (more than 0.31).
A higher C-Ratio predicts a higher incidence of unusual CA pattern.
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Introduction

Transposition of the great arteries (TGA) is the one
of the most common cyanotic congenital heart le-
sions that presents in the neonatal period [1]. Prior
reports on factors affecting the outcome of the ASO
demonstrated that abnormal CA patterns, such as
single right, inverted coronaries and intramural
course of the CA, are associated with increased risk
of early mortality [2-10]. With the current improved
surgical skills, the outcome in patients with uncom-
mon CA pattern is similar to those with usual CA
pattern [9, 11, 12].

The presence of malalignment between the commis-
sures of the semilunar valves has been shown to be as-
sociated with abnormal CA pattern which may affect
the surgical approach during ASO [13]. However, it is
not known what degree of commissural malalignment
(CM), in patients with TGA, would result in an abnor-
mal CA pattern. Furthermore, no clear definition was
set for the so called “major CM” and “minor CM”, since
it was always a subjective terminology. In addition to
that, it was not clear whether CM in these patients
would have any perioperative or postoperative conse-
quences. Therefore, the primary aim of our study is to
provide a clear quantitative definition to describe the
minor and major CM, and to investigate its relationship
with the incidence of unusual CA pattern in patients
with TGA. The secondary aim is to explore the effect
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of minor and major CM on the surgical outcome of
these patients.

Methods

Our study is a retrospective cohort study. All patients
with simple TGA who presented to King Abdulaziz Car-
diac Centre (KACC), Riyadh, Saudi Arabia during the
period between June 2005 till December 2017 were in-
cluded. Patients who had complex TGA, defined as asso-
ciation with subvalvular or supravalvular aortic stenosis,
coarctation of aorta, Taussig Bing anomaly, pulmonary
stenosis, unusual great artery relationship were excluded.
Patients with suboptimal echocardiography (Echo) im-
ages were also excluded from our study.

The demographic and surgical outcome data were col-
lected from our electronic database, BESTCare ((Bun-
dang hospital Electronic System for Total Care), Seoul,
South Korea)). Echo data was collected from our digit-
ally stored images and reports in Xcelera system (Philips
Medical Systems, Best, Netherlands). All the patients in
our list have undergone Echo with standardized proto-
cols as per the American society of echocardiography
(ASE) guidelines [14]. The pattern of CA anatomy in pa-
tients with TGA was carefully identified in the paraster-
nal short axis views as described by the ASE report [14].
Optimal images were defined as both semilunar valves
seen in cross sectional views and both coronary arteries
origins are visualized. The CA pattern was classified as
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per the scoring system published by Wernovsky et al.
and others [8, 15]. CA pattern was also confirmed by the
surgeons intraoperative assessment. We classified the
pattern of CM by referring it to possible positions of the
sinuses of the valves in relation to each other such as
sinus facing aortic valve, sinus facing pulmonary valve or
sinus facing sinus as shown in Fig. 1. This comes partly
in line with the category of CM that was published by
Kim et al. in 2003 [13]. Sinus facing aortic valve is de-
scribed as the commissure of the pulmonary valve lying
opposite to any part of the sinus of the aortic valve.
Sinus facing pulmonary valve is described as commissure
of the aortic valve facing any part of the pulmonary
valve. Sinus facing sinus is described in cases where both
sinuses face each other.

We propose in this study a new ratio that is expected
to differentiate between minor and major CM. This ratio
is obtained by measuring the distance of both ends of
the anterior facing sinuses of the pulmonary valve from
the facing commissure of the aortic valve, as shown in
Fig. 2. The distance from the commissure of the aortic
valve to the right sided commissure of the pulmonary
valve is labeled as D1, while the distance from the aortic
commissure to the left sided commissure of the pulmon-
ary valve is labeled as D2. In patients with side by side
relationship of semilunar valves, D1 represents the meas-
urement from the commissure of the aortic valve to the
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inferior commissure of the pulmonary valve, while D2
represents the measurement from the commissure of the
aortic valve to the superior commissure of the pulmon-
ary valve. We propose a commissural ratio (C-Ratio)
where D1 or D2 (whichever is shorter) is divided by the
sum of D1 and D2. We have used the C-Ratio to assess
the degree of CM and to differentiate between the major
and minor one. In addition to that, we have used this ra-
tio to study the relation between CM and the incidence
of unusual CA pattern in patients with TGA. We have
defined the point beyond which the C-Ratio becomes
significantly associated with abnormal CA pattern, this
represents the median effective level (EL50).

The data is expressed as means and standard devia-
tions for normally distributed data and as medians with
ranges for skewed data. P value of less than 0.05 is con-
sidered as significant. The statistical analyses were per-
formed using SPSS for Windows, Version 16.0. Chicago,
SPSS Inc.

Results

During the study period, 197 patients were diagnosed
with TGA. One hundred fifty eight patients fit the inclu-
sion criteria while the rest were excluded as per our ex-
clusion criteria. The mean weight of the patients was
3.4kg (+1.4) (Table 1). One hundred three patients
(65%) had TGA with intact ventricular septum (IVS),

C RATIO=
D1/D1+D2

whichever is shorter divided by D1+ D2

C ratio=
D2/D1+D2

Fig. 2 Measuring the C-Ratio. The Distance from the anterior commissure to the right sided commissure of the pulmonary valve is labelled ad
D1, while the distance from the anterior commissure to the left sided commissure of the pulmonary valve is labelled as D2. C-Ratio=D1 or D2
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while the rest (35%) had TGA with VSD. One hundred
thirteen patients (72%) had usual CA pattern while 45
(28%) had unusual CA anatomy. Left circumflex CA
arising from the right coronary artery was the most
common unusual CA pattern in our patient population
(40%) (Table 2). 50/103 patients with TGA and IVS
(49%) and 27/55 patients with TGA + VSD (60%) had
commissural malalignment. All except 4 of our patients
had a sinus facing pulmonary valve. Six patients had an
intramural course, and most of these patients (4 out of
6) had a single right CA pattern with left intramural cor-
onary artery. Interestingly, all patients with intramural
course of CAs had commissural malalignment.

We defined the point beyond which the C-Ratio be-
comes significantly associated with abnormal CA pattern
(EL50) which was found to be equal to 31% (0.31). Out
of 158 patients, 48 (30%) had a C-Ratio more than 0.31
and were considered to have major commissural mala-
lignment, while 110 patients (70%) had a C-Ratio less
than 0.31 and were considered to have either minor
malalignment or no malalignment. We have cross-
classified the binary response (usual versus unusual CA
pattern) with a prediction of whether the patient has a
major or minor/no commissural malalignment. Out of
the 48 patients who had major malalignment, 32 (67%)
had unusual CA pattern, while 16 (33%) had usual CA
pattern. On the other hand, 97 patients (88%) of the
group with minor malalignment or no malalignment had
usual CA pattern, while only 13 (12%) had unusual CA
pattern. The prediction revealed that the CA pattern
would most probably be usual when there is a minor
CM or no CM (C-Ratio less than the EL50) and most
probably be unusual when there is a major malalignment
(C-Ratio is greater than the EL50). The sensitivity was
71% and the specificity was 88%. A logistic regression
analysis was done to model the probability of an unusual
CA pattern with the C-Ratio as a linear predictor. It re-
vealed that the C-Ratio is statistically significant at the
0.05 level (p-value <0.0001). The estimated odds ratio is
1.13 for every 1 % increase in the C-Ratio with a 95%
confidence interval of (1.087-1.175). Thus, there is a
13% increase in the odds for every 0.01 increase in the

Table 1 Demographics

Characteristics Usual CA Unusual CA P value
(n=113) (n =45)
Weight (kg) (+ SD) 33(+14) 34 (+ 08) 05
Height (cm) (+ SD) 52 (+12) 52 (+ 20) 05
Gender 0.8
Males 77 (68%) 30 (66%)
Females 36 (32%) 15 (34%)
TGA IVS 75 (66%) 28 (62%) 0.6
TGA VSD 38 (34%) 17 (38%)
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Table 2 Distribution of the coronary artery patterns

Coronary artery anatomy Frequency (%)

Usual 113 (72%)

Unusual 45 (28%)
1LAD 2RCx (1 intramural) 18 (40%)
1LCXR (1 intramural) 11 (24%)
2RLCx (4 intramural) 10 (23%)
TLRCA 2Cx 3 (6.5%)
1R 2LCx 3 (6.5%)

Abbreviations
1: Sinus one, 2: Sinus two, LAD Left anterior descending, Cx Circumflex
coronary artery, RCA Right coronary artery

C-Ratio. Figure 3 demonstrates the receiver operating
characteristic (ROC) curve and shows that the area
under the curve is 0.90 which is significant.

We analyzed the burden of the abnormal CA pattern
on the surgical approach and found that the surgical by-
pass time was significantly shorter in patients with usual
CA pattern compared to those with unusual CA pattern,
P <0.05 (Table 3). We also analyzed the medium-term
postoperative outcome in relation to the CM and found
that the left ventricle end-diastolic dimension (LVEDA)
was significantly smaller in patients with minor/no mala-
lignment at 6 months follow-up compared to patients
with major malalignment, P < 0.05. However, there was
no statistically significant difference in the ejection frac-
tion or shortening fraction in the postoperative assess-
ment within the first 6 months. Furthermore, there was
no statistically significant difference in the hospital stay
period between the two groups.

Discussion
The ASO is the standard surgical treatment for patients
with TGA. Unfavorable pattern of CA anatomy was re-
ported to be an important risk factor affecting its out-
come. Various surgical techniques were described for
the transfer of the CA in cases of malaligned com-
missures to avoid jeopardizing the coronary blood
flow [5-7]. In our study, patients with TGA and VSD
appeared to be more prone to CM compared to pa-
tients with TGA and IVS, nevertheless this did not
reach a statistically significant P value, but there was
a clear trend towards this observation. In line with
the previously published reports [15], we have found
that the left circumflex CA arising from the RCA is
the most common anomaly observed. All of our pa-
tients with an intramural course of CAs had CM, al-
beit this was not statistically significant due to the
small number (6 patients).

The relationship between the unusual CA pattern and
CM in patients with TGA was described by Kim et al. in
2003 [13, 16]. They indicated that CM was a potential
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risk factor for having an unusual CA pattern, but there
was no clear definition for the major and minor mala-
lignment, and their report was based on a small sample
volume (13 patients).

To the best of our knowledge, our study has the lar-
gest number of patients to assess the CM and its relation
to the CA pattern. After repeated attempts to measure
the degree of rotation between the two semilunar valves,
we were able to propose the C-Ratio as a new parameter
which is very effective in differentiating between the
major and minor malalignment as described in details in
the methods section and shown in Fig. 2. We have used

Table 3 Surgical Outcome

the C-Ratio to assess the degree of CM and to differenti-
ate between the major and minor malalignment using
the median effective level (EL50). This was defined at
0.31 above which patients were labeled as having major
malalignment, while patients who had a C-Ratio less
than 0.31 were labeled as having minor malalignment or
having no malalignment.

In our study, two thirds (67%) of the patients with
major CM (C-Ratio above 0.31) had unusual CA pattern,
while 88% of the patients with minor malalignment had
usual CA pattern (C-Ratio less than 0.31). The sensitivity
was 71%, specificity 88% and the P value was < 0.0001.

USUAL UNUSUAL P value

(n=113) (n=45)
Age at surgery (days (+ SD)) 30 (+102) 27 (+33) 0.1724
Hospital stay (days (+ SD)) 31 (+56) 33 (+47) 0.5543
Bypass time 150 (i 58) 172 (i 63) 0.0411
Cross clamp time 88 (+36) 96 (+35) 0.2924
FS (Fractional shortening) 6 months after surgery 36% (+9) 36 (+15) 0.3062
EF (Ejection fraction) 6 months after surgery 66 (+10) 63 (+13) 0.1664
LVEDd (cm) 6 months after surgery 2.04 (0.52) 2.1 (+0.56) 05778
LVESd (cm) 6 months after surgery 138 (0.35) 143 (+044) 0.4230
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There was a 13% increase in the odds of having unusual
CA pattern for every 0.01 increase in the C-Ratio.

The surgical bypass time was significantly shorter in
patients with usual CA pattern compared to those with
unusual CA pattern (P <0.05). This reflects the burden
of the abnormal CA pattern on the surgical approach.
This also affected the medium-term postoperative out-
come as patients with minor malalignment had signifi-
cantly smaller left ventricle end-diastolic dimensions
(LVEDd) at 6 months follow-up (P < 0.05).

In the literature, there are some studies trying to ex-
plain the embryological background behind the rota-
tional abnormalities occurring in patients with TGA. In
1981, De la Cruz and her colleagues [17, 18] have sug-
gested that there is no rotation at the infundibular level
in both normal and pathological cases. They postulated
that TGA is due to a linear rather than a spiral develop-
ment of the aorto-pulmonary septum, which places the
forth aortic arch (the future aorta) in direct connection
with the anterior conus situated in the right ventricle.
Other studies showed that a clockwise spiraling migra-
tion of cells from the right and left secondary heart field
is necessary for the proper alignment of the pulmonary
outflow in order for it to attain the classical right-
handed spiral pattern [19-21]. Bajolle et al. conducted
an interesting study and identified the E15.5 transgene
which is normally detected at the base of the pulmonary
trunk, and lies ventral to the aorta. They proved that in
contrast to the normal hearts, TGA hearts had a trans-
gene expression maintained at the base of the pulmonary
trunk and positioned dorso-laterally indicating a rotation
defect [22]. This confirms the importance of the spiral
movement of outflow tract in normal hearts.

Based on the study done by De la Cruz, we contemplate
that commissural malalignment could be attributed to the
arrest of the spiral rotation of the aorto-pulmonary trunk
at varying degrees in patients with TGA. This is supported
by the “Infundibular theory” postulated by Goor et al. who
suggested that TGA occurs due lack of the normal coun-
ter clockwise rotation of the conotruncus. He suggested
that TGA occurs due to a defect of the normal infundibu-
lar rotation with abnormal resorption or underdevelop-
ment of the subpulmonary conus and abnormal
persistence of the subaortic conus [19, 23]. Greater or
lesser degree of faulty absorption of the conus leads to the
spectrum of TGA [23]. This probably explains why the
vast majority (91%) of the patients with malalignment in
our study had sinus facing the pulmonary valve, and it
may also indicate the importance of the spiral movement
of the outflow tract, as the rotation arrest of the pulmon-
ary trunk with possible anterior rotation of the aortic
truck leads to the sinus facing the pulmonary valve.

The relation between the abnormal CA pattern and
the aorto-pulmonary sinus rotation, ie malalignment was

Page 6 of 7

investigated in several studies [15, 24—26]. The usual CA
pattern is seen in majority of patients with TGA where
the RCA is connected to the right posterior facing sinus
and the left CA (LCA) is connected to the left facing
sinus [15]. However, changes in the position of the aorta
may result in abnormal CA pattern [24]. Hutchins et al.
found that the normal site of CA connection was deter-
mined by the configuration of the root of the great arter-
ies in the embryonic human heart. He indicated that the
position of the aorto-pulmonary sinuses affects the CA
pattern [25]. Bogers et al. have indicated that the epicar-
dial CA gets connected to the nearest sinus to its origin
[26]. This idea of ingrowth of epicardial coronaries to-
wards the neighboring aorta and their subsequent devel-
opment of a lumen have been discussed in several other
studies [15, 24—28]. Embryologic studies showed that the
coronary arteries develop after the septation of the aorto-
pulmonary trunk [24, 29]. Thus, the coronary arteries
pierce the nearest site of the aortic sinus after completion
of the aorto-pulmonary rotation. Consequently, the CA
pattern is dependent on the preceding aorto-pulmonary
rotation [24, 29]. Therefore, we believe that the abnormal-
ity in the aorto-pulmonary sinus rotation, with an arrest
of spirality at some stage, might be the reason behind the
commissural malalignment. This arrest of the rotation of
the aorto-pulmonary sinus may result also in the unusual
pattern of coronary arteries occurring with varying de-
grees of commissural malalignment.

Similar to other studies, we showed that patients with
unusual CA pattern have significantly higher bypass time
during the ASO compared to those with usual CA pat-
tern [30]. Nevertheless, there were no serious adverse
events postoperatively related to the CA pattern in our
patients. Furthermore, there was no difference in the
short-term postoperative cardiac function between those
with minor or major CM. In a recent study, Altin et al.
have suggested that patients with TGA and unusual CA
pattern are more prone to ventricular dysfunction, how-
ever there was no significant difference in the hospital
stay between the patients with usual or unusual CA pat-
tern in the first 6 months post-operatively [30]. They re-
ported that intramural course of coronary arteries and
the single RCA were the only unusual CA patterns that
have an operative risk factor. In our study we had 5 early
post-operative mortalities with no significant relation to
the coronary artery pattern (3 patients had usual coron-
ary arteries, 1 patient had inverted coronary arteries, and
1 patient had a single left CA). Another patient in our
group died pre-operatively who had a usual CA pattern.

Conclusion

Commissural malalignment in patients with TGA is a
good predictor of abnormal CA pattern. The C-Ratio
helps to categorize the degree of CM. Patients with C-
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Ratio more than 0.31 are considered as having major
CM and are expected to have unusual CA pattern. CM
and unusual CA pattern have negative impact on the

outcome of the arterial switch operation.
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