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DESCRIPTION OF SPECIMEN

This heart specimen has the usual atrial arrangement 
and normal venoatrial connections. The intrapericardial 
arterial trunks are normally arranged, with the aortic 
root positioned posteriorly and rightward relative to the 
pulmonary root. The arterial trunks then spiral as they 
extend into the mediastinum [Figure 1].

The ventricular mass has right‑handed topology, but 
surprisingly, the right‑sided aortic root is supported 
exclusively by the right‑sided morphologically right 

ventricle [Figure 2 – left hand panel]. The anterosuperior 
leaflet of the tricuspid valve is separated from the leaflets of 
the aortic valve by the right‑sided ventriculo‑infundibular 
fold. The fold, however, is attenuated in the septal aspect 
of the roof of the right ventricle, where there is fibrous 
continuity between the leaflets of the aortic and mitral 
valves in the roof of a ventricular septal defect. The defect 
opens into the outlet of the right ventricle between the 
limbs of the septomarginal trabeculation. The pulmonary 
root, supported by a completely muscular infundibulum, 
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ABSTRACT

Understanding transposition is important for all who hope to effectively treat patients with the condition. 
The variants of the condition are frequently debated in the literature. We describe an unusual variant of 
transposition, in which despite the arterial roots being supported by morphologically inappropriate ventricles, 
the roots themselves were normally related, with the intrapericardial arterial trunks spiraling as they extended 
into the mediastinum. The specimen was identified following the re‑categorization of our archive, and we 
subsequently conducted a detailed analysis of the underlying morphology. Using the principles of sequential 
segmental analysis, we compared the morphology with standard examples previously described. We show how 
it was the recognition of such hearts that promoted that concept that the combination of connections across the 
atrioventricular and ventriculo‑arterial junctions was the essence of transposition. In the most common variant, 
the arrangements are concordant at the atrioventricular junctions, but discordant at the ventriculo‑arterial 
junctions. We suggest that the overall arrangement of discordant ventriculo‑arterial connections is best described 
simply as “transposition.” When the discordant ventriculo‑arterial connections are combined with similarly 
discordant connections at the atrioventricular junctions, the transposition is congenitally corrected. We point out 
that the use of “d” and “l” as prefixes does not distinguish between transposition and its congenitally corrected 
variant. For those using segmental notations, the correct description for the rare variant found in the setting of 
a posteriorly located aortic root with the usual atrial arrangement is transposition (S, D, NR).
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arises exclusively from the morphologically left ventricle 
[Figure 2 – right hand panel]. This means that, despite the 
relationships of the arterial roots, the ventriculo‑arterial 
connections are discordant. The margins of the 
ventricular septal defect are shown in greater detail in 
Figure 3. The right hand panel of this figure shows the 
completely muscular infundibulum supporting the origin 
of the pulmonary trunk from the morphologically left 
ventricle.

The coronary arteries arise from the sinuses of the aortic 
root adjacent to the pulmonary root. The left‑handed 
adjacent sinus gives rise to the main stem of the left 
coronary artery, which passes behind the pulmonary 
root before branching into the circumflex and anterior 
interventricular arteries. The right‑handed sinus gives 
rise to the right coronary artery.

The ventricular septal defect has unique features when 
assessed from the aspect of the morphologically right 
ventricle. Although its roof is fibrous, made up of 
continuity between the leaflets of the aortic and mitral 
valves, the remaining rims are exclusively muscular, 
with the caudal limb of the septomarginal trabeculation 
fusing posteroinferiorly with the ventriculo‑infundibular 
fold [Figure 3]. There is no continuity, however, between 
the leaflets of the aortic and pulmonary valves because of 
the completely muscular subpulmonary infundibulum. The 
defect, therefore, is neither perimembranous nor doubly 
committed, but has a muscular posteroinferior rim (with an 
intact membranous septum), which would have protected 
the atrioventricular conduction axis [Figure 3].

DISCUSSION

It is now almost half a century since a significant 
polemic occurred regarding the appropriate definition 

for “transposition.”[1,2] This centered on a small series of 
cases in which, although the arterial trunks originated 
from morphologically inappropriate ventricles, the 
roots themselves were “normally related,” with the 
intrapericardial arteries spiraling into the mediastinum.[3] 
At that time, to diagnose “transposition,” in other words 
discordant ventriculo‑arterial connections, it was also the 
rule to expect the aorta to be positioned anteriorly relative 
to the pulmonary trunk, and for the aortic valve to be 
supported above the morphologically right ventricle by 
a completely muscular infundibulum.[4] Many pediatric 
cardiologists, at that time, considered any heart having 
an anterior aorta to demonstrate “transposition.” Hence, 
many would describe “double outlet right ventricle with 
transposition” when both arterial trunks arose from the 
morphologically right ventricle, but with an anterior 
aortic root. This approach was also taken for the so‑called 
“anatomically corrected” variant, where the aorta, 
despite being located anteriorly, originated from the 
morphologically left ventricle, with the pulmonary trunk 
originating from the morphologically right ventricle.[5]

Despite significant progress having been made since 
then, problems remain. Jaggers et  al.[6] refer to the 
major advances made by Van Praagh et  al.[3] in 
understanding abnormal ventriculo‑arterial connections. 
In their landmark description of the implications of the 
posteriorly located aorta arising from the morphologically 
right ventricle, Van Praagh et al. stated that “transposition 
of the great arteries is a relation, not an entity.”[3] This 
is surprising, since it was their account itself which 
established the origin of the arterial trunks from 
inappropriate ventricles as the essence of transposition. 
Jaggers et  al.,[6] however, following Van Praagh, then 
described transposition in terms of “alignments.”

For hearts having discordant ventriculo‑arterial 
connections, we had suggested the most common patterns 
could be distinguished in terms of “complete” rather 
than “congenitally corrected.”[7] As correctly pointed 
out by Jaggers et  al.,[6] all examples with discordant 
ventriculo‑arterial connections are “complete.” This is 
because “complete” had initially been used to distinguish 

Figure 2:  (original) Views from the right‑sided morphologically 
ventricle (left image) and from the left‑sided morphologically left 
ventricle (right image)

Figure 1: (original) The heart is viewed from the front, in attitudinally 
appropriate fashion. The arterial roots are normally related, with 
the aortic root positioned posteriorly and rightward relative to the 
pulmonary root. The intrapericardial trunks spiral as they extend 
into the mediastinum (RV: Right ventricle, LV: Left ventricle)



Roderick, et al.: Defining transposition: What have we learnt?

65Annals of Pediatric Cardiology / Volume 14 / Issue 1 / January-March 2021

transposition itself from double outlet right ventricle, 
previously described as “partial” transposition. As set out 
by Jaggers et al.,[6] the logic is unquestionable. We would 
now argue, nonetheless, that the default option for use of 
“transposition” is simply the combination of concordant 
atrioventricular and discordant ventriculo‑arterial 
connections.

We continue to question whether it is satisfactory to 
distinguish this variant from the congenitally corrected 
version using the terms “d‑transposition” as opposed 
to “l‑transposition.” During our recent examination of 
a large series of autopsied hearts having discordant 
ventriculo‑arterial connections, comparisons were made 
with the large cohort of patients who have undergone the 
arterial switch procedure at this hospital. In both series, 
we encountered patients with the segmental combination 
of transposition  (S, D, L). Among our surgical cohort, 
we also encountered patients having transposition  (I, 
L, L). In all of these patients, the transposition was 
properly described as being “L‑transposition,” yet was 
not congenitally corrected. Perhaps surprisingly, no 
patient with “posterior transposition” was found in this 
large series of patients undergoing the arterial switch 
procedure. Nor is such a patient cited in the recent large 
study reported from Poland.[8] Could it be, therefore, that 
posterior transposition goes unnoticed in the clinical 
setting? There are very few case reports[9,10] since the 
descriptions offered by Van Praagh et  al.[3] and the 
subsequent description of a series by Wilkinson et al.[11]

It was the hearts with normally related arterial trunks 
that prompted Van Praagh et  al. to promote the 
ventricular origin of the arterial trunks as the defining 
feature of “transposition.”[3] It is perhaps unfortunate 
that he and his followers subsequently chose to describe 
the union of the chambers and the arterial trunks in 

terms of “alignments,” rather than “connections.” The 
argument being that the ventricular outlet components 
or “conuses,” are interposed between the ventricles and 
the arterial trunks. This approach, however, fails to 
recognize that the infundibulums are an integral part 
of the ventricular mass. In “posterior” transposition, 
the alignments of the arterial roots suggest the 
ventriculo‑arterial junctions are concordant. In reality, 
the connections are discordant, with the entirety of both 
arterial roots supported exclusively by morphologically 
inappropriate ventricles [Figure 2].

It is the use of the prefix “d” to describe transposition, 
nonetheless, which creates the greatest problem with 
nomenclature. With posterior transposition, the arterial 
roots are normally related. Hence, it is inappropriate to 
use “d” to describe this arrangement, although this is 
common with recent descriptions.[9,10] The hearts show 
right‑handed ventricular topology, so the appropriate 
segmental description is transposition (S, D, NR). It is also 
inappropriate to use “l‑transposition” as synonymous with 
congenitally corrected transposition.[7] How, then, can we 
best describe the significant variants of transposition? 
We now suggest that it is sufficient to use “transposition” 
simply to describe the combination of concordant 
atrioventricular and discordant ventriculo‑arterial 
connections. The variant associated with discordant 
atrioventricular connections is then well described as 
being congenitally corrected. The other variants require 
full segmental description so as fully to do them justice.
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