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Abstract
Based on the sequentiality principle, this review proposes a practical method that allows the 
systematization of the anatomic diagnosis of congenital heart disease. We emphasize the need 
to use sequential connection between the different cardiac segments: atria, ventricles and 
great arteries. Five ordered steps are deined, which include determination of atrial situs and of the 
connection features between the ventricles and the great arteries. Related lesions and some 
additional special features are a second stage in the sequential analysis of congenital heart 
disease, which is also important for the integral diagnosis.

Diagnóstico anatómico de las cardiopatías congénitas

Resumen 
En esta revisión se propone, en base al principio de secuencialidad, un método práctico que 
permite sistematizar el diagnóstico anatómico de las cardiopatías congénitas. Se enfatiza la 
necesidad de utilizar la conexión secuencial entre los distintos segmentos cardiacos que son 
los atrios, los ventrículos y las gran des arterias. Se deinen cinco pasos ordenados que incluyen, en 
primera instancia, la determinación del situs atrial y de las características de la conexión entre los 
ventrículos y las grandes arterias. Las lesiones asociadas y algunas particularidades adicionales 
ocupan una segunda etapa en el análisis secuencial de las cardiopatías congénitas, que tam-
bién tienen importancia en el diagnóstico integral.
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Introduction

Anatomically, there are six basic principles for the re-
construction of the human body: antimery, metamery, pa-
chimery, stratigraphy, polarity and sequentiality. Among 
them, antimery and sequentiality are the most important 
for the anatomic diagnosis of congenital heart disease 
(Figure 1). The basis of antimery is the division of the 
body and/or any of its organs by means of a sagital pla-
ne, which results in two halves. These halves -right and 
left- are called antimers and, as a general rule, they are 
both morphologically and functionally asymmetric. In the 
heart, the sagital plane is represented by the septum, and 
antimers are represented by the right and left cardiac 
chambers which have different morphological features, 
which allow them to be differentiated from one another 
and which are also functionally different.1

On the other hand, sequentiality is based on the de-
scription of body segments consecutively connected to 
each other, regardless of their spatial relationship. Con-
nection refers to the anatomic continuity between two 
segments, while relationship means the spatial position 
existing among them.2,3 Based on the sequentiality prin-
ciple, we distinguish three main anatomic segments in 
the heart: the atria, the ventricles and the great arteries. 
These three segments are sequentially connected to one 
another in both antimers, forming pulmonary and systemic 
circulation circuits. Venous segments, connected to the 
atria, must be considered as secondary or additional ones.

The purpose of this review is to propose, on the basis 
of the above-mentioned anatomic principles, a practical 

method that allows for the systematization of the diagno-
sis of congenital heart disease. This method consists on a 
series of ive steps that will be described, and that when 
followed in order, they will allow for a complete anatomic 
diagnosis of any kind of congenital heart disease, no matter 
how complex it may be. The irst step consists on deining 
the atrial situs; the atrio-ventricular connection must be 
subsequently analyzed, followed by the connection fea-
tures between the ventricles and the great arteries; then, 
related defects must be determined, followed by some 
additional special features.2-4

Atrial situs: In normal conditions there are two ana-
tomically well-differentiated atria in both cardiac antimers 
that, as it was previously stated, are morphologically 
and functionally asymmetric. The right atrium has two 
essential anatomic features: the triangular shape of its 
appendix, with a wide base incorporated to the atrial ca-
vity showing the inner cresta terminalis and the pecti-
neus muscles. On the other hand, the left atrium is also 
characterized as such due to the shape of its appendix, 
which shows an elongated coniguration in the form of a 
glove inger with a narrow base, which is not incorporated 
to the atrial cavity (Figure 2). The right atrium receives 
the superior caval vein and the inferior caval vein, which 
seem to pull it longitudinally, thus giving it an elongated 
appearance. Conversely, the left atrium receives the four 
pulmonary veins that seem to pull it transversally, thus 
giving it a widened appearance.

There are four types of atrial situs: two asymmetric ty-
pes (situs solitus and situs inversus), and two symmetric 
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Anatomic diagnosis of congenital heart disease 121

types (dextroisomerism and levoisomerism). In cases of 
atrial situs solitus, the right atrium is in anterior and right 
position and the left atrium is in a backward and left po-
sition. In the two cases of situs inversus the mirror image 
of situs solitus is observed. Both in dextroisomerism and 
levoisomerism, atrial cavities have morphologically simi-
lar appendixes. In dextroisomerism there are two atria 
with right atrium anatomic features and in levoisomerism 
both atria have left atrium anatomic features. In 2001, 
the Machado-Atías et al,5 Venezuelan Group proposed a 
new terminology for symmetrical atrial situs: dextromor-
phism and levomorphism, to be used instead of dextro 
and levoisomerism, respectively. We agree with this ter-
minology, as we consider it to be more appropriate for 
the anatomic diagnosis, and we believe that the terms 
dextro and levoisomerism should be applied in physical 
and chemical deinitions.

Highly signiicant contributions have been made to 
atrial situs diagnosis in the last decades. In the past, it 
was determined by the electrocardiogram P-wave mor-
phology and by the position of the liver’s right lobe. When 
P wave was positive in DI and negative in aVR it was said 
to be a case of situs solitus, whereas in cases of situs in-
versus diagnosis resulted from P wave negative in DI and 
positive in aVR. On the other hand, when the liver’s right 
lobe was on the right situs solitus was diagnosed, whe-
reas when the liver was placed to the left, situs inver-
sus was diagnosed. This rule is adequate for most simple 
heart disease cases but there are a lot of exceptions to 
it in complex ones. Literature review shows that in more 
than 50% of cases with complex malformations, there is 
a discrepancy between visceral and atrial situs.4,6 In such 
circumstances, a more constant relationship was sought 
between visceral and atrial situs. With rare exceptions, 
there is a very constant relationship between bronchial 
and atrial anatomy.7,8 That’s why a thoracic x-ray or a 
bronchial tomography is extremely useful in the diagnosis 
of atrial situs. In situs solitus cases, the bronchium loca-
ted to the right shows the right-type anatomic features, 
which are a smaller length, straight line direction and 
proximal bifurcation, whereas the left bronchium has a 
bigger length, curvilinear direction in superior concavity 

and distal bifurcation. In dextroisomerism cases, we ind 
two bronchi with similar right-type features, whereas in 
levoisomerism there are two bronchi with left-like type 
features. In situs solitus cases, the relationship between 
the left and right bronchi’s extension ranges from 1.5 to 
2.0. In other words, the left bronchium is one and a half 
times or twice longer than the right one.

If there are doubts as to the atrial situs type, we may 
clarify them by means of echocardiography or ultimately 
by means of an angiocardiogram in the atria. In cases of 
situs solitus, dimensional echocardiography shows the in-
ferior caval vein to the right side of the aorta. This rela-
tionship is inverted in cases of atrial situs inversus. In the 
right isomerism, the aorta and the inferior caval vein are on 
the same side of the spine, with the aorta behind the inferior 
caval vein, whereas in levoisomerism we observe the in-
terruption of inferior caval vein and the systemic venous 
return reaches the heart by means of azygos veins, loca-
ted on the same side of the spinal cord together with the 
aorta in backwards position.9,10 Using the same procedure, 
the morphology of appendixes may be identiied and atrial 
situs may be diagnosed through paraesternal and subcos-
tal approximations.

Figure 2. External morphology of the left and right atria.

Figure 3. Internal morphology of the right ventricle.



Jorge Cervantes-Salazar et al122

Atrio-ventricular connection: Ventricles are recogni-
zed by the trabecular septum’s anatomic features. The 
right ventricle (Figure 3) has a trabecular septum with 
very thick muscular bands and it also has a structure, the 
moderator band, inserted in the interventricular septum 
and in the free wall of the right ventricle, whereas the 
left ventricle has a trabecular septum with very thin mus-
cular bands in the apical section and it is smooth in the 
upper section (Figure 4). The former has a group of pa-
pillary muscles inserted in the free wall, and the latter has 
two groups of papillary muscles which are also inserted in the 
free ventricular wall. Trabecules provide a cavernous-type 
inner morphological appearance to the right ventricle, 
whereas the left ventricle has an areolar appearance.

The atrio-ventricular connection is biventricular when 
each atrium is connected to a ventricle, and it is univen-
tricular when both atria are connected to a single ventri-
cle. In the atrio-ventricular connection, the type and the 
mode of junction between the atria and the ventricles 
must be analyzed. The atrio-ventricular connection type 
refers to the anatomy of the atrio-ventricular junction. 
There are ive types of atrio-ventricular connection: con-
cordant, discordant, ambiguous, double ventricular inlet 

and absent connection. In the concordant atrio-ventricu-
lar connection, the right atrium is connected to the right 
ventricle and the left atrium is connected to the left ven-
tricle; in the discordant atrio-ventricular connection, the 
right atrium is connected to the left ventricle and the left 
atrium is connected to the right ventricle, regardless of 
the spatial position that these two segments have with 
respect to each other. This way, we may have a concor-
dant atrio-ventricular connection with the right atrium to 
the right and with the right ventricle to the left, and a 
left atrium to the left with a left ventricle to the right. 
This form of spatial relationship is known as criss-cross or 
crossed atrio-ventricular connections.11 For the diagnosis 
of concordant or discordant atrio-ventricular connections 
it is necessary to have a lateralized atrial situs. The atrio-
ventricular connection is said to be ambiguous when the 
atrial situs is isomeric and each atrium is connected to 
one ventricle. There is a double inlet to a ventricle when 
most of the atrio-ventricular annulus diameter or more 
than 75% of a common atrio-ventricular valve is connec-
ted to one of the ventricles. Finally, there is absence of 
an atrio-ventricular connection in the type of connection 
that lacks continuity between the atrium and the ventri-
cle on the same heart’s an timer, with an absence of the 
corresponding atrio-ventricular valve. The case of absent 
right connection would be the classic tricuspid atresia, 
and the case of absent left connection would be mitral 
atresia. In case of tricuspid atresia, the right atrium is 
not connected to the ventricular mass. It is separated 
from it by the deep atrio-ventricular sulcus and most of 
it rests on the left ventricular mass. The right atrium ac-
tually communicates with the left atrium by means of an 
interatrial septal defect and it potentially communicates 
with the ventricular mass by means of the subinfundibular 
septal defect.

The atrio-ventricular connection mode refers to the 
connection form existing between the atria and the ven-
tricles. This takes place through two permeable atrio-
ventricular valves, through a perforated and an non-
perforated valve, through atrio-ventricular valves on 
horseback on the interventricular septum, or through a 
common atrio-ventricular valve.4,12 In the case of a non-
perforated valve, it is important to emphasize that exists 
a true valvular atresia, unlike those with a lack of an 
atrio-ventricular valve, which are typically called tricus-
pid atresia or mitral atresia. With regard to the on hor-
seback atrio-ventricular valves, these are so considered 
when a 50% of the valve annulus diameter is riding on 
each ventricle. In this case they are assigned to their res-
pective ventricles, whether the connection is concordant, 
discordant or ambiguous. If the riding exceeds 50% on the 
non-corresponding ventricle, the atrio-ventricular con-
nection is considered as a double ventricular inlet, either 
right or left, in accordance with the ventricle involved. 
If there is 75% “riding” the atrio-ventricular connection 
type may be concordant, discordant or ambiguous and it if 
exceeds 75% on one ventricle, it is considered as a double 
ventricular inlet.4

Ventricular-arterial connection: Similarly, the ven-
tricular-arterial connection must be analyzed strictly in 
function of its anatomic features. This method will avoid 
terminological confusions in some complex malformations 

Figure 4. Internal morphology of the left ventricle.
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by the presence of most of the cardiac mass in the right 
hemithorax. There is mesocardia when the heart’s apex 
and major axis occupy a central position in the thorax. 
Finally, ectopia cordis is a malposition in which the heart 
is partially or totally out of the thorax, and there may be 
a cervical, thoracic and thoracic-abdominal form. On the 
other hand, it is important to underline that regardless of 
the position that the heart adopts in the thorax, ventricles 
may have a different topography.

Anatomically, there are some practical rules related to 
ventricular topography: 1) the left ventricle is backwards 
in relation with the right ventricle when there is a cohe-
rence between its situation and that of the cardiac apex; 
example: a left ventricle situated to the left with the apex 
to the left or a left ventricle situated to the right with 
the cardiac apex to the right; 2) the left ventricle is in 
anterior position with respect to the right ventricle when 
there is a discrepancy between the position of that left 
ventricle and the position of the heart’s apex; example: 
left ventricle to the right with cardiac apex to the right or 
left ventricle to the right, with cardiac apex to the left; 
3) both ventricles are situated on the same frontal plane 
when the heart as a whole, is situated in the center of the 
thorax and its apex does not point to the left or to the 
right but simply forward; 4) when there is an inferior and 
a superior ventricle (ventricle in two loors), it has always 
been observed that the inferior one has left-type morphology 

with signiicant distortions at the arterial level, and which 
due to the fact that they have not been analyzed in rela-
tion with their anatomic features they have encouraged 
the use of different nomenclatures for the same malfor-
mation, such as clinical transposition, malposition of the 
great arteries, isolated ventricular inversion, transposi-
tion with posterior aorta, among others.3,13

There are four types of ventricular-arterial connec-
tions: concordant, discordant, double outlet and single 
outlet connections. It is said that the ventricular-arterial 
connection is concordant when the pulmonary artery is con-
nected to the right ventricle and the aorta is connected to 
the left ventricle. In the discordant connection, the aorta 
is connected to the right ventricle and the pulmonary ar-
tery is connected to the left ventricle. It is said that there 
is a double outlet of the right or the left ventricle when 
one annulus is fully connected, and more than 50% of the 
other is connected to one of the ventricles, or when more 
than half of the two sigmoid valve annulus are connec-
ted to a ventricular chamber. We will exceptionally come 
across cases in which both sigmoid valve annulus are on 
horseback on the interventricular septum in a 50% of their 
diameter. In order to deine the terms, we would say that 
in these cases there is a double outlet of the two ventri-
cles. Logically, ventricles may be well shaped or they may 
be a rudimentary chamber. There is a single outlet of a 
ventricle when only one arterial trunk is connected to the 
ventricular mass. This way, the truncus arteriosus com-
munis and pulmonary atresia with an isolated aortic trunk 
(which is the most severe form of tetralogy of Fallot), 
are the only ways described as a single outlet.13 In the 
ventricular-arterial connections there may be two perfo-
rated sigmoid valves, one non-perforated valve, one or 
both riding on the interventricular septum, or there may 
be a single common sigmoid valve connected to the heart. 
These anatomic features refer to the ventricular-arterial 
connection mode.

Related lesions: At this stage in the anatomic diagno-
sis of congenital heart disease, we will describe the related 
lesions, such as valvular dysfunctions, stenosis or atresia of 
a valve or an artery, hypoplasia, interruption or com-
munication at any heart level. On Table 1 we propose a 
classiication of the types of related lesions, according to 
the cardiac segment involved, following the anatomic se-
quentiality principle, in order to describe the most com-
mon heart and great arteries’ congenital malformations. 
These lesions may appear isolated or combined as in te-
tralogy of Fallot.

Additional special features: In the additional special 
features we include the position of the heart inside the 
thorax, and the origin and distribution of coronary arte-
ries, as well as the layout of the conduction system.

The position of the heart inside the thorax is the spa-
tial relationship existing between this organ and the cage 
inside of which it is placed. The normal position is called 
levocardia, in which the cardiac apex is located to the left 
and the cardiac axis goes from the right to the left, from top 
to bottom, and from back to front. Any variation of this 
normal pattern is called cardiac malposition, the most 
frequent ones being dextrocardia, mesocardia and ecto-
pia cordis. Dextrocardia is characterized by the apex to 
the right, the cardiac axis from the left to the right, and 

Table 1. Sequential classiication of the types of congenital rela-
ted lesions.

Anatomic cardiac 

segment
Related lesion (congenital cardiac malformation)

Venous return
Anomalous connection of systemic veins

Anomalous connection of pulmonary veins

Atria
Interatrial septal defect

Cor triatriatum

Atrio-ventricular 

connection

Atrio-ventricular septal defect

Ebstein´s anomaly

Real tricuspid atresia

Congenital mitral malformation

Ventricles

Ventricular septal defect

Univentricular heart

Hypoplastic left heart

Hypoplastic right heart

Double camera right ventricle

Myocardiopathies

Ventricular-arterial 

connection

Tetralogy of Fallot

Left ventricular outflow tract obstruction

Congenital aneurysm of the Valsalva sinuses

Pulmonary stenosis and atresia

Great vessels

Aortic stenosis and atresia

Patent ductus arteriosus

Aorto-pulmonary window

Aortic coarctation

Interrupted aortic arch

Congenital anomalies of the coronary arteries

Vascular rings and slings
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and the superior one has right-type morphology. These ru-
les are valid when ventricles are of similar size and they 
are altered when there is hypoplasia aggravated in one of the 
cavities, and it may also be modiied due to the existence 
of hemodynamic alterations.13

There are normally two coronary arteries: the right 
one (generally dominant, as it originates 70% of times 
the posterior descending artery) and the left one (which 
originates the anterior descending and circumlex arte-
ries).14 Both arteries come from independent coronary 
ostia. According to the implantation height in relation 
with an imaginary line that joins the aortic sigmoid val-
ves’ junctions, coronary ostia location may be designed 
as sinusal, extra-sinusal or commissural. Habitually, the 
left coronary ostium is placed in a sinusal location in a 
higher percentage than the right ostium (88% vs 80%), as 
the latter is the only one that may be located commissu-
raly (5%). The extra-sinusal location is also more common 
in the left ostium (22%) than in the right one (15%) and 
commissural location of the left ostium is exceptional.15 
Figure 5 illustrates these concepts and exposes frequen-
cy percentages of each of these types according to our 
studies.16 Coronary arteries layout may be very variable, 
but the most common pattern (68%) is originated from 
the left coronary trunk that starts at the level of the an-
terior valve and it is divided into anterior descendent and 
circumlex arteries, with the right coronary artery arising 
at the level of the left posterior valve. The second most 
common pattern (20%) is that of two independent coro-
nary ostia, but with the circumlex artery arising from the 
right coronary artery. Other less common patterns are: 
single right coronary ostium (4.5%), inverted coronary ar-
teries (3%), intramural coronary arteries (2%), and single 
left coronary ostium (1.5%).17 It is also worth stating that 
the main pathological variations of the coronary arteries 
are anomalous left coronary artery from the pulmonary 
artery (ALCAPA syndrome), and the coronary istulae.

Cardiac conduction system is a set of myocardial ibers 
specialized in the dronotropic function, which normally 
includes ive components: the sinus node (or Keith and Flack 
node, located in the superior cavoatrial junction), the inter-
nodal fascicles (anterior or Bachmann’s fascicle, medium 
or Wenckebach’s fascicle and posterior or Thorell’s fascicle), 
the atrio-ventricular node (or Aschoff Tawara’s node, lo-
cated in the Koch’s triangle, limited by Todaro’s tendon, the 
tricuspid annulus and the coronary sinus’ ostium),15 the bun-
dle of His (with its right branch – descending along the 
septomarginal trabecula – its left branch, and the latter’s 
anterior and posterior subdivision), and Purkinge’s net. 
The presence of pectineus muscles not only allows for the 
morphological identiication of a right or a left atrium, 
but it is also useful as a guide to establish the sinus node’s 
location. According to European studies,3,18 in atrial dex-
tromorphisms (asplenia syndome), the sinus node is bila-
teral and symmetrical and is closely related to the supe-
rior cavoatrial junction, whereas in atrial levomorphisms 
it is extremely hypoplasic and it is located far away from 
the cavoatrial junction. In cases of atrial isomorphism and 
ambiguous connection with the normally lateralized ven-
tricles, the atrio-ventricular node is located in a mirror 
image of Koch’s triangle, whereas in atrial isomorphisms 
with ambiguous atrio-ventricular connection and inverted 

ventricles it has a more anterior location and it is even 
surrounding any related interventricular defect. On the 
other hand, His’ bundle always passes by the interven-
tricular septum that is a limit to both ventricles (even 
if any of them is hypoplasic). Therefore, the interventri-
cular sepum is the one carrying the cardiac conduction 
axis, regardless of the atrio-ventricular connection and 
the arterial ventricle, and regardless of a biventricular or 
univentricular anatomy (right-type or left-type morpho-
logy). This way, the adequate identiication of the atrio-
ventricular junction and of the morphology of a single 
dominant ventricle, allows us to establish the location of 
the atrio-ventricular node and of the cardiac conduction 
axis.18

In conclusion, it may be said that anatomic diagno-
sis of congenital heart disease is the best procedure for 
understanding a congenital cardiac malformation from 
the anatomical and physiopathological point of view. The 
relationship between the different segments must be 
analyzed once its anatomy is known, but it lacks physio-
pathological signiicance. Finally, it is worth stressing that 
the most important clinical application of the sequential 
anatomic diagnosis of congenital heart disease is determi-
ned by the connection and by the type of related lesions, 
which are the ones that will provide the steps to be fo-
llowed when choosing a therapeutic alternative.
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