
Dear Sir,
I read with pleasure the article of Anderson et al.1

concerning double outlet right ventricle, in which
they reviewed various aspects of this peculiar diag-
nostic group of congenital cardiac malformations 
for the purpose of continuing medical  education. 
I congratulate the authors on writing an excell ent
overview on these historical and pathomorphological
aspects of the entity relevant to clinical disciplines
dealing with congenital cardiac disease. With respect
to the present discussion on the value of double out-
let as a diagnostic term, however, I would like to add
some comments on a closely related matter. At first
sight, this may seem to be merely of interest to some
of the preclinical disciplines. I refer to the value of
the term “conotruncal malformations” as an overar-
ching diagnosis to include double outlet along with
other major congenital cardiac defects. This topic
might be of minor practical relevance to those clini-
cians primarily dealing with the diagnosis and treat-
ment of congenital cardiac disease. It has, however,
some relevance for the interpretation of epidemio-
logic and molecular genetic data, the correct inter-
pretation of which might lead to the development 
of strategies for the prevention of some congenital 
cardiac malformations.

In contemporary articles on congenital cardiac dis-
ease, the anatomically heterogeneous group of defects
with the ventriculo-arterial connection of double
outlet is frequently classified as a subgroup of the
class of “conotruncal malformations”.2–5 This implies
that the morphogenetic origin of the particular 
cardiovascular malformation is an abnormality in the
development of the outflow region, specifically the
“conotruncus” of the embryonic heart, whatever that
might be. Besides double outlet, the grouping of
“conotruncal malformations” includes defects such as
Fallot’s tetralogy, complete and corrected transposi-
tion, and common arterial trunk.

Since the introduction of double outlet right ventri-
cle as a diagnostic term by Witham in 1957,6 we have
learnt that it does not define a specific morphological
entity, but simply represents the ventriculo-arterial

connection in which both arterial trunks arise from 
the morphologically right ventricle. Anderson and 
co-authors1 have nicely demonstrated the remarkable
anatomical heterogeneity found within this diagnostic
group, as well as the controversies which surround 
this topic. When I think of the bewildering anatomi-
cal variability demonstrated, I wonder why clinicians
familiar with such defects do not seem to question 
the current practice of grouping all these variants 
into a single morphogenetic class, namely that of 
the “conotruncal malformations”. I especially wonder
about this practice, since there is a wealth of published
data suggesting that the range of morphogenetic path-
ways leading to double outlet is not confined to abnor-
mal conotruncal development. Based on the analysis of
the pathological anatomy of human specimens with
double outlet, for example, several pathologists came
to the conclusion that developmental alterations in the
endocardial cushions of the atrioventricular canal
might be causally involved in the pathogenesis of some
of the hearts.7–9 The fact that anomalies in develop-
ment of these endocardial cushions seem to be of 
central importance for the pathogenesis of abnormal
ventriculo-arterial connections was, indeed, noted in
several embryological studies.10–12 Moreover, the mor-
phological features of embryonic hearts, in which the
double outlet ventriculo-arterial connection seems to
have resulted exclusively from abnormal development
of the atrioventricular region, have been demonstrated
recently by scanning electron microscopy.13 It appears,
therefore, that the diagnostic group of double outlet
right ventricle might encompass at least two different 
morphogenetic classes, a class of “conotruncal malfor-
mations” along with a class of “atrioventricular mal-
formations”. Knowledge on the presence of at least 
two different morphogenetic classes of double outlet
might be helpful for the interpretation of epidemio-
logic data. The evaluation of data from the Baltimore–
Washington Infant Study, for example, led to the 
distinction of two diagnostic subgroups, one with
abnormally related great arteries with anterior aorta,
and a second with normally related great arterial
trunks.14 It is tempting to speculate that these two
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diagnostic subgroups might correspond to the mor-
phogenetic classes of conotruncal and atrioventricular
malformations, respectively.

In summary, it can be stated that, from the stand-
point of an embryologist, it is not justified to include
the entire group of hearts with double outlet right ven-
tricle within the class of “conotruncal malformations”.
There is good evidence for classifying some types as
“atrioventricular malformations”. Furthermore, there
is a wealth of data, which space prevents me from
detailing, suggesting that defective remodelling of the
inner curvature of the embryonic heart is a third
important pathway leading to double outlet right ven-
tricle.15,16 The remarkable anatomical heterogeneity
found among congenitally malformed hearts with
double outlet right ventricle might be explained by
the presence of a corresponding heterogeneity in mor-
phogenetic pathways leading to this peculiar form of
ventriculo-arterial connection. Classifying all types of
this lesion as “conotruncal malformations” does not
favour, but rather hinders the evolution of our under-
standing of this diagnostic group of congenital cardiac
anomalies.

Jörg Männer, Department of  Embryology, Georg-August
University of  Götting en, Germany
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The Letter was shown to the authors, who respond ed  as 
follows:

Dear Sir,
We thank Jörg Männer for his perceptive comments.
In our opinion, however, he does not go far enough.
We would extend his comments to suggest that the
term “conotruncal malformations” no longer be used
as a diagnostic grouping for postnatal congenitally
malformed hearts. As Jörg explains so clearly, there is
very strong evidence supporting the notion that dou-
ble outlet ventriculo-arterial connection can be the
consequence of abnormal development of the atri-
oventricular regions. While the evidence is persuasive
that lesions such as tetralogy of Fallot and common
arterial trunk are due to abnormal development of the
developing outflow tracts, specifically due to abnor-
mal migration of cells from the neural crest, the same
cannot be said for the hearts with discordant ven-
triculo-arterial connections. But, as also pointed out
by Männer, it is frequent to include both complete
and corrected transposition within the group of pur-
ported “conotruncal malformations”. In our opinion,
it would be a major improvement if we simply
grouped these entities together as abnormalities of the
ventricular outflow tract. We are now in far better
position to dissect out the various abnormal morpho-
genetic features which produce the differing anatomic
manifestations of the lesions, be these an abnormal
ventriculo-arterial connection, unexpected relation-
ships between the arterial trunks, or an unusual
arrangement of the infundibular musculature. As we
emphasised in our review, these are discrete and sepa-
rate features of the malformed hearts, and require 
separate description. We infer from Jörg’s letter that
different embryologic events may underscore these
various features. It is now incumbent upon the
embryologists to seek to unravel these events, and
they now possess the armamentarium for success. But
our understanding would be greatly enhanced if, in
future, we could describe the entities without recourse
to the confusing term “conotruncal malformations”.

Robert H. And erson, Karen McCarthy, And rew C. Cook,
Card iac Unit, Institute of  Child  Health, Lond on
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