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“The Morphologist of
era Modern Era”



First stage

Second stage

Third stage3 levels

“Functionally” Univentricular hearts

IVC to PA (Fontan)3

SVC to PA (Glenn)

PDA stent
Systemic Pulm shunt
PA Band
DKS and BT shunt
Norwood + BTS /Sano

The entire ventricular 

mass is assigned to the 

systemic circulation

Systemic venous return 

(pulmonary circulation) 

drains passively to the 

lungs):

✓ Pulmonary pressure

✓ Ventricular function

✓ Atrioventricular valves

✓ “Ventricular septal 

defects (‘outlet’)

✓ Sub-aortic obstruction

✓ Electrical stability



Phase 1 Phase 2 Phase 3 Phase 4

Situs and 
Venous 

Connection
Atrial Shunt

Atrioventricular
Connection

Morphology & 
Function of 

Atrioventricular 
valves

Morphology & 
ventricular 

function
Ventricular 

Shunt

Goals of Echocardiogram (any other imaging modality in CHD) 

for Heart “Functionally” Univentricular:

Sequential Segmentar Analysis & Details of all morphologic aspects
Phase 5

Ventricular –
Arterial 

Connection
Associated 

lesions





AD
LARA

RA

LA

Right Left

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



LV

RA
LA

Double Inlet 

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Right AVV

Left AVV

Mitral

Valve

LV
LV

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Tricuspid

Valve

Common

AVV

RV
RV

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



RV anterior

LV posterior

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Anterior & Right Anterior & Central Anterior & Left

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Concordant Discordant

RV

PA

RV

Ao

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Rudimentary
Ventricle

Main ventricle

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Rudimentary

Ventricle

Truncus 

Arteriosus

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo
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absence right AV 

connection

dominant LV

incomplete RV
hypoplastic but 

normally constituted

RV

imperforate right AV 

valve

dominant LV

dominant LV

atrialised inlet of RV 

unguarded AV 

junction 

functional ventricle

imperforate valve 

dominant LV  

absent right AV 

connection 

straddling & 

overriding left AVV

absent right AV 

connection 

dominant LV
straddling & 

overriding left AVV

absent right AV 

connection 

morphologically

TV

dominant 

RV  imperforate 

LV
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Phenotypes of absence of left AV connection

dominant 
RV

absence LV 
connection

absence LV 
AV 

connection

imperforate 
MV

incomplete LV

Dominant 
LV

incomplete RV 
(left sided)

LV

absence left 
AV connection

absence LV 
AV 

connection

dominant RV hypoplastic LV

dominant 
RV

straddling & 
overriding TV





Double inlet of Ventricle

Andrew Cook and Robert Anderson Cardiol Young 2006 







Acoustic window Anatomy Imaging Sequential Segmentar 

USING AN ECHO PROBE…..



Absence of Right AV connection : Tricuspid Atresia



Absence of Right AV connection



Absence of AV connection: Right



Absence of Right AV connection: Tricuspid Atresia



Absence of Left AV Connection 



Absence of Left AV connection



Absence of Left AV connection
Double outlet of the Right Ventricle



Double inlet of Ventricle



Atrioventricular Valve (s)

Atrium Ventricle

2 atrioventricular valves Absence of one AVV Common AVV Straddling & Overriding

?



Univentricular AV connection:
Atrioventricular Valve(s) 

Can not predict the valve 
morphology  (mitral or 
tricuspid) based on the 
ventricle morphology.

“true” univentricular 
hearts : 

“ Thick” trabeculations as 
sub valvar apparatus

Surgical implications 
related with type/leaflets 

relationship/sub valvar 
apparatus.



Univentricular AV connection: 2 AVV





Double inlet: 2 valves:
Which one? Mitral? Tricuspid?



Double inlet RV by Common AVVDouble inlet : Common AVV



• The most common ~70%

• ? Better outcome after Fontan

• Rudimentary chamber is ALWAYS anterior (right or left sided) and main 
chamber ALWAYS posterior (right or left sided).

• Fibrous continuity between the AVV & artery located more posterior.

• Trabecular septum is always anterior (“far away”) from the crux cordis

Left 

Ventricle
LV

LV

RV

Crux cordis

Morphological characteristics of  the main Ventricle





Left 

Ventricle
LV

LV

RV

Crux cordis

Vitor Guerra

understand
Crux cordis and how identify the 

rudimentary chamber



The crux cordis or crux of the heart (from Latin "crux" meaning "cross") is the area on the lower back 

side of the heart where the coronary sulcus (the groove separating the atria from the ventricles) and the 

posterior interventricular sulcus (the groove separating the left from the right ventricle) meet. It is 

important surgically because the atrioventricular nodal artery, a small but vital vessel, passes in 

proximity to the crux of the heart. It is the anastomotic point of right and left coronary artery. 

Definition of  the crux cordis of  the Heart

“The echocardiographic crux cordis in the normal subject is 
defined as the spatial interrelation between the atrial and 
ventricular septal planes and the plane of the AV junction. Its 
image may be achieved using apical, subcostal, or precordial four-
chamber views (planes at right angles to the atrial septum) in 
which both atrial and ventricular chambers are aligned one next
to the other but are separated by their respective septa and AV 
valves, This plane cuts the atrial and ventricular septum and the 
AV junction at a level somewhat above the posterior 
(diaphragmatic) surface of the heart.” 1982

https://en.wikipedia.org/wiki/Human_heart
https://en.wikipedia.org/wiki/Coronary_sulcus
https://en.wikipedia.org/wiki/Atrium_(heart)
https://en.wikipedia.org/wiki/Ventricle_(heart)
https://en.wikipedia.org/wiki/Posterior_interventricular_sulcus
https://en.wikipedia.org/wiki/Atrioventricular_nodal_branch


Para sternal Short axis  Sweep from the base 
towards to the apex

Courtesy Prof Aiello , Heart Institute of University of Sao Paulo



Morphological characteristics of the main Ventricle

Left Ventricle

Anterior

right
left

posterior

✓Parasternal short axis

✓Level of the interventricular septum 

(always look at the direction)

✓Level of the AVV valve (s) and crux 

cordis



Morphological characteristics of the main Ventricle

right
left

posterior

superior

Left Ventricle

inferior

Fibrous continuity

AVV and great artery

Subcostal view



Morphological characteristics of the main Ventricle

Left Ventricle

Hypoplastic RV on left side Hypoplastic RV on right side

! From the 4 ch view: sweep anteriorly /posteriorly 

to find the rudimentary chamber



Morphological characteristics of  the main Ventricle

Left Ventricle

! From the 4 ch view: sweep anteriorly 

/posteriorly to find the rudimentary chamber
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Morphological characteristics of  the main Ventricle

Left Ventricle



• Rudimentary chamber is located posteriorly (trabecular portion of 
LV)

• Trabecular septum is posterior to the crux cordis

• ?Poor outcome

• No fibrous continuity between AV and great vessels.

Right Ventricle

Crux cordis

Trabecular septum

Morphological characteristics of the main Ventricle



Double inlet of RV & Double outlet of RV (DIRV/DORV)

RV

LV



Morphological characteristics of  the main Ventricle

Double inlet of Right Ventricle & Double outlet of Rigtht Ventricle
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Morphological characteristics of the main Ventricle

Double inlet of RV (Common AVV)



Univentricular AV connection:
Ventricular septal defect 

• Predominantly muscular
• ~50%: restrictive

• 21% restrictive (subaortic) : 
Coarctation and interrupted Ao arch 
association

• it can become restrictive
Bevilacqua M et al, JACC 1991

Restrictive VSD

AD

AE

AE

AD

AE

AD

Double inlet

AO

VSD remained the location, independently of the AV connection

Absence of left  AV connection

Absence of right AV   connection

Main ventricle: Left
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Ventricular septal defect 

(“Bulboventricular foramen”) 



Echocardiogram:

• Doppler gradient can orient but it is not the best 

predictor (overestimate in presence of PDA)

• Area by 2d < 2 cm²/m²: “high risk”
Matitiau A et al JACC 1992

Double inlet of LV : the conduction system it is ALWAYS postero/inferior

no matter where is the rudimentary chamber

Conduction system

RV

RV

Surgical View

Ventricular septal defect : when it has to be enlarged?



Restrictive VSD

Left Ventricle
principal

AO

Ventricular septal defect 

(“Bulboventricular foramen”)
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Outlet obstruction in Double inlet of LV

Uemura H et al, Ann Thorac Surg 2008;86
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Great Vessels spatial relationship: double inlet LV

Discordant VA

Concordant VA

Uemura H et al, Ann Thorac Surg 2008;86



Absence of AV connection: where should be the rudimentary chamber?
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Absence of left AV connection, 
hypoplastic LV on the right side, VA 

discordance, sub and Pulmonary 
artery stenosis, VSD......

Absence of AV connection: where should be the rudimentary chamber?Absence of AV connection: where should be the rudimentary chamber?
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Absence 

Left AV 

Connection

Rudimentary

Chamber

Anterior and 

right

Unusual Atrioventricular 

Univentricular Connection





Absence of  Left AV connection & Discordant AV Connection 

(rudimentary chamber located anterior and right) & VA Concordance



Absence of  Left AV connection & Discordant AV Connection 

(rudimentary chamber located anterior and right) & VA Discordance







Absence of  Right AV connection & Rudimentary chamber located 

anterior and left) & VA Concordance



What kind of  AV connection?



What kind of  AV connection?





Unguarded “Mitral” valve orifice & Discordant Atrioventricular 

connection & Discordant ventricular Arterial connection
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Great Vessels spatial relationship: 

double inlet LV
Double outlet of LV?
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Great Vessels spatial relationship: double inlet LV

Double inlet & outlet of LV (25% overriding aorta)



Coronary arteries: Univentricular AV connection 

Rudimentary
RV

PA

LAD

LCA

RCASA

Main Ventricle Left Morphology & 

Rudimentary chamber at left sided & ventricular-arterial discordant

RCA

CX

LAD



RV RV

RV

RV

RV

PA

PAPA

PA
PA

Keeton BR et al, Am J Cardiol 1979

Coronary arteries: Univentricular AV connection 

Unusual pattern

Main Ventricle Left Morphology & 

Rudimentary chamber at left sided & ventricular-arterial discordant



Main Ventricle:
Left

Anomalous 

anterosuperior or lateral 

atrioventricular node;

Relationship of the 

bundle & VSD borders 

depends on the position 

of the rudimentary 

chamber;

Main Ventricle:
Right

Ventricular septum does 

reach the crux cordis if 

the main ventricle is 

RIGHT morphology

Regular position of AV 

node

Undetermined
Main Ventricle

Variable position of AV 

node and bundle in 

solitary ventricle

INDETERMINATE 

morphology

.

Conduction System: Univentricular Atrioventricular Connections



Conduction System: Univentricular Atrioventricular Connections

From review article : Prof .Vera Aiello 
World Journal for Pediatric and Congenital Heart Surgery 2015, Vol. 6(2) 239-249 



Take Home message: Univentricular atrioventricular connections 

2

3

4

5

1
Echocardiogram & Pathology share the same approach assessing Univentricular AV 
connection ( = segmentar sequential analysis)

Ventricle Morphology: follow the steps identifying the rudimentary chamber (spatial 
relationship), trabecular septum, AVV and great vessels fibrous continuity (or not).

Ventricular septal defect: can play essential role in the clinical presentation and further 
surgical approach (be careful evaluating size and gradient by Doppler).

Unusual AV Connections : Rudimentary chamber doesn’t follow the absence of AV 
connection side

Atrioventricular valve(s): morphology and functional assessment is essential for Univentricular 
repair outcomes (mandatory detailed description by echo).



Special thanks & Disclosure

“There are three methods to obtain wisdom: first, by 
reflection, the noblest; 

Second, by imitation, the easiest; 

and the third, by experience, the most bitter."

Confucius- Chinese 
(551-479 BC)

And the fourth way: always be around Dr. Vera Aiello 

… can be virtual, by Skype, Facetime….

Vitor Guerra.



“You see only what you look for .
You recognize only what you Know” Merril C. Sosman
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Outlet obstruction in Double inlet of LV

Uemura H et al, Ann Thorac Surg 2008;86
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The Outlets in Univentricular AV connection
VA concordance

VA discordance
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Great Vessels spatial relationship: double inlet LV

Discordant VA

Concordant VA

Uemura H et al, Ann Thorac Surg 2008;86
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Great Vessels spatial relationship: double inlet LV
Double outlet of LV?



Coronary arteries anatomy - Univentricular AV connection 

VD

rudimenta

r

AP

DA

CE

CD
SA

Keeton BR et al, Am J Cardiol 1979

Main Ventricle Left Morphology & 
Rudimentary chamber at left sided & ventricular-arterial discordant



AP

AP

CD
CE

VD

VD

DA

SNA

Keeton BR et al, Am J Cardiol 1979

Coronary arteries: Univentricular AV connection 

Main Ventricle Left Morphology & 
Rudimentary chamber at right sided & ventricular-arterial discordant



Coronary arteries

Ventrículo principal tipo esquerdo com câmara rudimentar à DIREITA

E Conexão ventrículo-arterial concordante

AP

CD

CE

VD

DA

SNA

Keeton BR et al, Am J Cardiol 1979
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Great Vessels spatial relationship: double inlet LV

Discordant VA

Concordant VA

Uemura H et al, Ann Thorac Surg 2008;86
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Great Vessels spatial relationship: double inlet LV

Double outlet of LV?
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Great Vessels spatial relationship: double inlet LV

Double inlet & outlet of LV (25% overriding aorta)



Coronary arteries: Univentricular AV connection 

Rudimentary
RV

PA

LAD

LCA

RCASA

Main Ventricle Left Morphology & 

Rudimentary chamber at left sided & ventricular-arterial discordant

Keeton BR et al, Am J Cardiol 1979

RCA

CX

LAD



RV RV

RV

RV

RV

PA

PAPA

PA
PA

Keeton BR et al, Am J Cardiol 1979

Coronary arteries: Univentricular AV connection 

Unusual pattern

Main Ventricle Left Morphology & 

Rudimentary chamber at left sided & ventricular-arterial discordant



Straddling & overriding 

Tricuspid valve

From Anderson RH, Pediatric Cardiology 3rd edition



Double inlet of Ventricle:

Straddling & overriding Right AVV



Double inlet of Ventricle:

Straddling & overriding Right AVV



AV Connection : Criss – Cross hearts


