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“What is unique in “topsy-
turvy” hearts is the bizarre 
topography of the arterial 
outlets. The arterial pole of the 
heart is rotated 
posteroinferiorly. Thus, the 
great arteries seem to exit from 
the diaphragmatic aspect of the 
ventricular mass. This peculiar 
postseptational anomaly results 
in marked elongation of the 
brachio-cephalic arteries.” 

 
Robert M. Freedom, Gordon Culham, and Fred Moes. 
In Angiography of Congenital Heart Disease, 
Macmillan Publishing Co., 1994 
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Topsy-Turvy Heart



At his retirement in 2000

2004 in his home in Nova Scotia

Robert Mark Freedom  Feb 27, 1941-May 7, 2005

1997 at Dr. Rowe Award Ceremony



Criss-cross or twisted heart
Superoinferior ventricles
Topsy-turvy heart



QUESTION: 
Are ‘criss-cross heart’ and ‘superoinferior 

ventricles’ different entities?

1. Yes
2.No
3. Yes and no





ATRIA

VENTRICLES

ARTERIAL TRUNKS

AV
junction

VA
junction

3 Segments and 2 Junctions

Morphology

Relationship

Connection

3 Facets



CONNECTION VERSUS RELATIONSHIP



Disharmony between connection and 
relationship

CONNECTION VERSUS RELATIONSHIP

















 Case: Clinical history

Born at term through a c-section
Apar scores: 9/9, vigorous crying
Started PGE 6 min after birth
Stable cardiac output on PGE
SpO2: pre 99%, post 87%
Distally cyanotic







Q. Where are the left and right ventricular apices?
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Q1. Where is the left ventricular apex?
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Q2. Where is the right ventricular apex?



Q3. What is the ventricular topology or situs 
in this case?

1. Right-hand pattern or D-loop
2. Left-hand pattern or L-loop
3. Two-hands pattern or A-loop
4. None of the above



 A newborn with congenitally 
corrected  TGA (Case 5)



Twisted Heart

Non-parallel AV 
connection axes and 
unexpected chamber 
position and orientation



NATURE OF TWISTING

Along the base-apex axis
To place the RV inlet superior and anterior 
to LV inlet in most (not all) cases
➡ Clockwise twist in D-loop ventricles
➡ Counterclockwise twist in L-loop ventricles 



ESSENTIAL FINDINGS

Non-parallel opening axes of AV valves
Unexpected ventricular relationship for 
the given AV connection
Angled atrial septum
Curved ventricular septum
Unexpected great arterial relationship



FEATURES OF SURGICAL 
IMPORTANCE

Juxtaposition of the atrial appendages
VSD, usually inlet
AV valve abnormalities:
•Hypoplasia
• Straddling, overriding
Ventricular hypoplasia, usually RV
Abnormal AV conduction axis
Abnormal VA connection
Ventricular outflow tract obstruction, 
more often pulmonary outflow



Van Praagh S, et al. In Van 
Praagh R and Takao A eds. 
Etiology and morphology 
of congenital heart 
disease. Futura, 

VENTRICULAR CHIRALITY



VENTRICULAR ARCHITECTURE OR TOPOLOGY

Anderson RH. A question of definition. Criss-cross 
heart revisited. Pediatr Cardiol 1982;3:305-313

Anderson: Criss-Cross Hearts 307 

].,GREAT ,.~ GREAT 

~ABECULAR :~ , 
_~MPONENT ...!.~ : t Fig. 3. The ventricular 

architecture can be described in 
terms of two " i somers"  which, 
figuratively speaking, accept the 
palmar surface on the 
morphologically right ventricular 
septal surface of either the 
observer 's right or left hand. 

19]); displacement of the ventricular mass along the 
horizontal pIane of its long axis rather than rotation 
around its long axis (Fig. 2). The positional anoma- 
lies, i.e. criss-cross heart and supero-inferior ventri- 
cles, can co-exist, or either can be found in isola- 
tion. 

Is a Criss-Cross an Abnormal Relation or 
Connection? 

As described above, the hearts show abnormal 
relationships for the connection present. One of the 
problems with our initial paper, which undoubtedly 
contributed to subsequent misunderstanding, was 
that we named the connections of the cardiac 
chambers in terms of relationships. Thus, our initial 
title is meaningless when considered in the light of 
our current understanding. We entitled our initial 
paper [4] "Criss-cross atrioventricular relationships 
producing paradoxical atrioventricular concor- 
dance or discordance". In fact, there is nothing 
paradoxical about the concordance or discordance 
present in criss-cross hearts. As we indicated at the 
time, Kirklin et al [I 1] had shown how concordance 
and discordance could be used to describe the 
actual connections of the atrial to the ventricular 
chambers, rather than to describe congruency or 
incongruency between atrial and ventricular "si- 
tus" [21]. We chose to use concordance and discor- 
dance to define the connections as suggested by 
Kirklin et al [11], but unfortunately we then de- 
scribed these connections as "relationships". The 
title of our paper would have been better given as 
"Criss-cross atrioventricular connections produc- 
ing unexpected ventricular relationships". This em- 
phasizes the need to distinguish between the con- 
nections of the cardiac segments and the relation- 

ships of the chambers within the segments, and to 
describe these separate features using mutually 
exclusive terms. But this also is insufficient to cater 
fully for all the needs of description of the atrioven- 
tricular junction and ventricular mass. This is be- 
cause the architecture of the cardiac segments 
themselves is also of vital importance, and this 
feature must also be described [24]. So, when 
describing any heart, it may not only be necessary 
to account for the type and mode of atrioventricular 
connection together with the relationships of the 
ventricular chambers, but also to describe the ven- 
tricular architecture. 

What Do We Mean by Ventricular Architecture? 

Van Praagh's categorization of congenital heart 
disease is entitled the "segmental approach" [18]. 
He and his colleagues emphasize as a primary 
feature of all hearts the architecture of each cardiac 
segment (their situs) [18, 21]. As alluded to above, 
the thrust of our initial paper on criss-cross hearts, 
albeit using inadequate terms to convey our mes- 
sage, was that it was not enough simply to describe 
the morphology of the segments. It was also neces- 
sary to describe how the segments were connected 
together and, in the case of criss-cross hearts, to 
describe unexpected relationships of the chambers. 
But in doing this we minimized the significance of 
the morphology of the cardiac segments themselves 
[16], with the exception of the arrangement of the 
atrial segment, which is our starting point for se- 
quential segmental analysis [12, 17]. We are now 
aware of the need on occasion to describe also the 
detailed architecture of the ventricular segment. 
This is because, as pointed out by Van Praagh et al 
[19, 24], the architecture of the ventricular segment 



Twisted Heart

Non-parallel 
AV connection 

axes



Untwist the Heart

Stop using your 
busy hands!





QUESTION: 
Are ‘criss-cross heart’ and ‘superoinferior 

ventricles’ different entities?

1. Yes
2.No
3. Yes and no



Criss-cross heart            

Superoinferior 
ventricles

QUESTION: 
Are ‘criss-cross heart’ and ‘superoinferior 

ventricles’ different entities?







 Case: Consanguineous marriage. 1st pregnancy 
terminated because of suspected HLHS
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Jaeggi E, Yoo SJ, et al. Cardiol Young 2008;18:337-342

Topsy-Turvy Heart





Topsy-Turvy Heart







What’s in topsy-turvy heart?

Organo-axial rotation (not twisting) around 
the base-apex axis.
Four chambers arranged in a coronal plane.
Elongated head and neck branches of the 
aorta.
Elongated and stretched trachea and 
compression of the left main bronchus.



Twisted heart in complete
transposition

Twisted heart in corrected
transposition

Topsy-turvy heart in otherwise normally
formed heart



Thank you!


