
3D/4D US modalities in fetal 
cardiac scanning
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Spatio-temporal image correlation 
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Display of  
Volume information

Surface 
Mode

Minimum 
Mode

B-flow 
Multiplanar

mode

STIC Gray scale



Display of 
Volume information

Glass body 
Diastole/Systole

Multiplanar
mode

STIC in Color-Doppler,
Power-Doppler or B-Flow 

Glass Body 
Mode

Color/Power



Normal Situs = Solitus
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Situs AmbiguousSitus Solitus

Stomach



The added value of 3D/4DUS 
modalities in congenital heart 

disease diagnosis and evaluation
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Vasa previa: an exemplary case

Gravida with unremarkable 
previous history, referred for 
evaluation of preterm labor.
Routine investigation of cervical 
length on admission ultrasound:

Cx



The added value of 3D/4D in the 
evaluation of congenital heart defects
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The added value of 3D/4D in the 
evaluation of congenital heart defects



Segmental approach to fetal cardiology



Applying the segmental approach
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Veins and Atria 



Pulmonary artery-Pulmonary Vein shunt



PA-PV shunt



PA-PV shunt



PA-PV shunt



PA-PV shunt



TAPVC to the 
Portal Vein 



TUI in evaluation of anomalies: 
TAPVC



TAPVC



TAPVC



TAPVC



TAPVC



TAPVC



TAPVC



TAPVC



4D high definition power flow Doppler: 
normal heart and vessels



TAPVC



TAPVC



4D high definition power flow Doppler:
TAPVC



4D high definition power flow Doppler: TAPVC



Foramen ovale flap



Foramen ovale flap



Restrictive FO



A-V Canal



Coronal atrioventricular view (CAV): systole

AO PA

MV
TV



AO PA

CAV plane: diastole



CAV plane: 
stenotic tricuspid valve in diastole
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Complete AV Canal
AV Canal

AVC
PA

AO



Normal mitral and tricuspid annuli

MVMV
TVTV
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PVPV
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Complete AV Canal

Complete 
AV Canal

AO

PA



Ventricles



3D Rendering 
Virtual planes: Interventricular septum

right

IVS

FO

Normal septum

left

VSD



NormalNormalVSD
U/S OB/Gyn, 2005U/S OB/Gyn, 2005



VSD

NormalNormal



VSD in MPR and Rendering 



VSD



VSD



VSD

APEX APEX
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Right ventricle aneurysm



Right ventricle aneurysm



Right ventricle aneurysm 



Conotruncus



B-flow:  Great vessels’ alignment



Transposition of the great arteries: different 
variations



Transposition of the Great Arteries



TGA



Tomographic ultrasound imaging (TUI)



TUI











Corrected TGA



Corrected TGA



Corrected TGA



Corrected TGA



(Persistent) Truncus Arteriosus Communis



Great Vessels



Pulmonary stenosis

PS

MPA
Retrograde



Pulmonary stenosis

Thickened 
P valve

AO

RtLt

AO
PA



Pulmonary stenosis

AO

PS – Retrograde 

Lt

Rt



Normal mitral 
and tricuspid annuli

MV
TV

PA

AO

AO

PS

Lt
Rt

MV
TV
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PV

Severe 
pulmonary stenosis

CAV plane









Right aortic arch



Right Aortic Arch



Right AoA with Kommerell diverticulum
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Right Aortic Arch and 
Kommerell’s Diverticulum
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ARSA





Aberrant right subclavian artery 
(ARSA)





Right AoA with Right DA



Right AoA with Right DA
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Does 3D/4DUS improve diagnostic accuracy in CHD?
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Functional Evaluation



Strain and strain rate 
Vector velocity imaging



Velocity Vector Imaging (VVI)
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Left ventricle VVI
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Non-Doppler 2D strain imaging



Vector Velocity Imaging
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3D/4DUS in the functional 
evaluation of the fetal heart
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Fetal cardiac ventricle volume and mass 
in normal and abnormal hearts: 

Combining STIC, VOCAL and Inversion Mode

Fetal cardiac ventricle volume and mass 
in normal and abnormal hearts: 

Combining STIC, VOCAL and Inversion Mode
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Messing et al, Ultrasound 
Obstet Gynecol, 2007
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Patients, con’d
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STIC acquisition
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Inversion mode
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Virtual Organ Computer-aided 
Analysis (VOCAL)
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VOCAL, con’d
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Left ventricle 
volume



Right ventricle 
volumetry



Results
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Results, con’d
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Nomograms of left ventricle EDV and ESV  v. fetal weight



Nomograms of right ventricle EDV and ESV 
and total stroke volume v. fetal weight



Left ventricle EDV and ESV v. gestational age



Right ventricle EDV and ESV  v. gestational age



Left and right ventricles ejection fraction and total 
stroke volume v. gestational age



Intra- and inter-observer correlation
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Results, CHD cases:
Pulmonary stenosis w/reverse flow in MPA, 32+1 wks

(1.31(1.31--4.41)4.41)(43(43--73)73)(45(45--85)85)(0.38(0.38--2.09)2.09)(1.16(1.16--4.35)4.35)(0.11(0.11--1.33)1.33)(0.82(0.82--3.36)3.36)

3.233.2358.3258.3263.1863.181.291.293.093.090.8160.8162.262.26 1.141.14

4.82 4.82 §§44.644.659592.77 2.77 §§5.0 5.0 §§1.8 1.8 §§4.39 4.39 §§
Vein of Vein of 
Galen Galen 
aneurysmaneurysm
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(3.5(3.5--6.6)6.6)(41(41--71)71)(42(42--83)83)(1.35(1.35--3.1)3.1)(3.5(3.5--6.7)6.7)(0.8(0.8--2.1)2.1)(2.3(2.3--4.9)4.9)

4.74.760.560.559.559.51.791.794.574.571.241.243.043.04 1.681.68

3.15 3.15 §§36.4 36.4 §§40.32 40.32 §§3.323.325.225.221.851.853.13.1

SVTSVT
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(0.0(0.0--3.1)3.1)(44(44--75)75)(45(45--87)87)((--0.220.22--1.47)1.47)((--0.170.17--2.99)2.99)((--2.62.6--0.97)0.97)((--0.70.7--2.3)2.3)

2.252.2562 62 67670.520.521.171.17.33.331.031.03 0.740.74§§

.93.9337.84 37.84 §§65.0065.00.46.46.74.74.35.351.001.00

Ebstein Ebstein 
anomalyanomaly
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(3.79  (3.79  --6.97)6.97)(40(40--71)71)(41(41--82)82)(1.49 (1.49 -- 3.24)3.24)(3.85 (3.85 -- 7.11)7.11)(0.95 (0.95 -- 2.23)2.23)(2.6(2.6--5.2)5.2)

5.765.7656.24256.24260.3760.372.482.485.775.771.711.714.264.26 0.920.92§§

3.72 3.72 §§26.79 26.79 §§45.5645.563.58 3.58 §§4.894.892.88 2.88 §§5.29 5.29 §§Aortic Aortic 
valve valve 
stenosis stenosis 
w/ w/ HAoAHAoA
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(1.32 (1.32 -- 4.42)4.42)(43(43--73)73)(45(45--85)85)(0.38 (0.38 -- 2.09)2.09)(1.17(1.17--4.35)4.35)(0.11(0.11--1.33)1.33)(0.83(0.83--3.36)3.36)

2.032.0355.2855.2869.9569.950.820.821.791.790.4216670.4216671.4766671.476667 1.181.18

0.64 0.64 §§32.232.2 §§90 90 §§0.4 0.4 §§0.59 0.59 §§0.05 0.05 §§0.5 0.5 §§
TTTS w/ TTTS w/ 
pulmonicpulmonic
stenosisstenosis
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(1.79(1.79--4.9)4.9)(42(42--72)72)(44(44--84)84)(0.60(0.60--2.31)2.31)(1.66(1.66--4.85)4.85)(0.25(0.25--1.47)1.47)(1.17(1.17--3.71)3.71)

2.862.8651.0851.0862.4162.411.341.342.712.710.910.912.42.4 0.45 0.45 §§

1.31 1.31 §§47.1447.1462.4262.420.370.37 §§0.7 0.7 §§0.590.591.571.57
Critical Critical 
pulmonary pulmonary 
stenosisstenosis
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R:L EDVR:L EDV
mean,1.4mean,1.4
SD=0.46SD=0.46

TSV cmTSV cm 33

meanmean
(5%(5%--95% CI)95% CI)

REF (%)REF (%)
meanmean

(5%(5%--95% CI)95% CI)

LEF (%)LEF (%)
meanmean

(5%(5%--95% CI)95% CI)

RESV cmRESV cm 33

meanmean
(5%(5%--95% CI)95% CI)

REDV cmREDV cm 33

meanmean
(5%(5%--95% CI)95% CI)

LESV cmLESV cm 33

meanmean
(5%(5%--95% CI)95% CI)

LEDV cmLEDV cm 33

meanmean
(5%(5%--95% CI)95% CI)

DiagnosisDiagnosisCaseCase



Case: pulmonary stenosis (PS)
evaluated at 32+1  weeks

Case: pulmonary stenosis (PS)
evaluated at 32+1  weeks



Case: pulmonary stenosis (PS)
evaluated at 32+1 weeks



Right ventricle volumetry, PS
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Pathological cases plotted on ventricle 
volumes/gestational age nomograms
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Pathological cases plotted on ventricle volume/fetal weight 
nomograms
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Results, CHD cases: 
SVT with myocardial thickening and ascites
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Case: supraventricular tachycardia 
(SVT) evaluated at 34+2 wks



SVT w/thickened 
myocardium and 

ascites



Pathological cases plotted on ventricle 
volumes/gestational age nomograms
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Results, CHD cases:
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Vein of Galen aneurysmVein of Galen aneurysm



Pathological cases plotted on ventricle 
volumes/gestational age nomograms
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Pathological cases plotted on ventricle volume/fetal weight 
nomograms
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STIC with VOCAL and IM for 
cardiac ventricle mass measurement



Cardiac ventricle mass measurement





End-diastole measurement



End-systole measurement 



��������

�� ���������	�
������
�����������
����
������	����
��� ��
��
����
�
���������	�
������
�����������
����
������	����
��� ��
��
����
�
 �����
��������
���
�
������
�������
������
������ �������������� ���������������������� ��  �! �!



����������������



���������	
�
�
����
�����������
���������
��������� ���������
����
���
��������

�������������������
�����
���������������������� ������� ����� ��!"�#$

�����



���������	
�
�
����
����
���������
���������������
 ��������
�����
����%���
�
����������
���������������&���
�
� #�

Cardiomyopathy

HLHTTTS-r

TTTS-d

Cardiomyopathy

HLH
TTTS-r

TTTS-d

M
as

s 
(g

)

�����������	
�� ������� �

���
��������

TTTS-d

TTTS-r

HLH
Cardiomyopathy

CardiomyopathyTTTS-r

TTTS-d

HLH



A new method of evaluation of fetal 
cardiac contractility with 4D 

ultrasonography
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OC06.01Fetal Contraction Fraction (FCF) 
to evaluate fetal cardiac contractility

OC06.01Fetal Contraction Fraction (FCF) 
to evaluate fetal cardiac contractility
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Fetal Contraction Fraction (FCF)
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Fetal myocardium: compressible or non-compressible?

Child’s myocardium in diastole (l) and systole (r).

Fetal myocardium - left ventricle in diastole (l) and syst ole (r).

Compressible (l) and non-compressible (r)
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Case of hydrops before and after transfusion: 
ventricular mass and volume measurements
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Case of hydrops before and after transfusion:
Contraction fraction and ejection fraction
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Results: FCF and EF
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A new direct technique for fetal cardiac 
function evaluation: 

4D-MPI with STIC acquisition 

'������&�����
 !�*���+�+�����!�*������,
�����!�
-�����&�.
���!�-������/�
��

����������	
�	�
��������	���	�����
�
���	

�����������
���	����������	�������	�������

��� ������	!�����

ISUOG, Chicago, 2008



Background
�� ��������	
����������	
��

�� ���������	
���
�������
�����
��
���������	
���
�������
�����
��

��������
�������
�

�������
��������
�������
�

�������


��������

��������


�� �������	
�������

�������
�������	
�������

�������

����������
����
�������	���
�

���
����������
����
�������	���
�

���

�����	������������	������� ���
��������
���
��������

����������������

�������

��
���	



Aims/Methods

�� ��������
�� 0
������������������������������
�����������
��6*0
������������������������������
�����������
��6* 55&7(�&7(�

��������������������������

�� �����	�
��	��
�����
������	�
��	��
�����
�
�� �	��	� 
�������
������� ����	����	 55� �����
������
��� �����
������
��
�� -0(.���"������
�!���
�����
�������������
���������-0(.���"������
�!���
�����
�������������
���������

�����
�����������������������
������������������
�� &7,��
����
��&7,��
����
�� 55��
������
����
������
�� ��
�
����������
�
�������� ��������

�8����
������
�����������������������������
�
�������8����
������
�����������������������������
�
������
6*6* 55&7(�&7(�

�� 7���
�

��������������
�
�������
������������������ 
�7���
�

��������������
�
�������
������������������ 
�
������������������������
��������������������������
��



Results


���
��� ������������������������������



Results

Diaphragmatic 
herniaIUGR-SUA

Donor 
before laser

Recipient 
before laser

Recipient 
after laser

Donor 
after laser

����
���
��� ��� ���� �!�
�"�!������

M
P

I

Gestational Age (wks)



Conclusion
�� !"!" �� #$%��������	��
 ����
�� ��
���
���������
�#$%��������	��
 ����
�� ��
���
���������
�

	
���������
�������������
����	�
�
�	
���������
�������������
����	�
�
�

��������
�
��������
�

�� &�������'��������������
�
��
��������������&�������'��������������
�
��
��������������
��
��������	��
�������(&%��	����������
��������	��
�������(&%��	��������
�
��
�����

���	

���
� ���
�!����
��
�����

���	

���
� ���
�!���
��	

���
)�&*+�&%#%,-�.��+/+,&(����	

���
)�&*+�&%#%,-�.��+/+,&(��



GA (wks)
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OC06.01Fetal Contraction Fraction (FCF) 
to evaluate fetal cardiac contractility
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Fetal Contraction Fraction (FCF)
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Results: FCF and EF
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Case of hydrops before and after transfusion: 
ventricular mass and volume measurements
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Case of hydrops before and after transfusion:
Contraction fraction and ejection fraction
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Conclusions

�� �����������	
����
	

�������
��
���
���������������	
����
	

�������
��
���
����
��
����������������
��
����	��������	���
����������������
��
����	��������	�

�� ���
�
��
�����������
���
�
��������
������
����
�
��
�����������
���
�
��������
������
�
�
�
�����������
��������
����
�
�����������
��������
��� �� �
���
��

�����������
����������� ��������������������

�� ���������
�����
��������
��
�������������
����������
�����
��������
��
�������������
�
���
���������������	���	��
��
���
��
�����
���������������	���	��
��
���
��
��
���
����
��	

�����
����
��	

��



Left ventricle 
volume



Right ventricle 
volumetry



Cardiac ventricle mass measurement 
with STIC and VOCAL 



Vein of Galen aneurysm 



Pathological cases plotted on ventricle 
volumes/gestational age nomograms
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Pathological cases plotted on ventricle 
volume/fetal weight nomograms
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Extracardiac vascular anomalies



B-flow: Normal heart and great vessels



Interrupted IVC with 
azygos continuation



Interrupted IVC with azygos continuation



Interrupted IVC with azygos continuation, 
posterior view



Interrupted IVC with azygos continuation



Agenesis of DV – to RA
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Agenesis of DV – to RA
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Agenesis of ductus venosus to right atrium





Normal Portal System
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Normal Portal System



Agenesis of Portal System

����

���� ���

���
�



Agenesis of Portal System



Agenesis of Portal System



Agenesis of Portal System



An exemplary case: Vasa Previa
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Lung Sequestration 



Lung Sequestration 



Lung Sequestration 



Results, CHD cases:
Vein of Galen aneurysm, 29+3 weeks

(1.31-4.41)(43-73)(45-85)(0.38-2.09)(1.16-4.35)(0.11-1.33)(0.82-3.36)

3.2358.3263.181.293.090.8162.26 1.14

4.82 §44.6592.77 §5.0 §1.8 §4.39 §
Vein of 
Galen 
aneurysm
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(3.5-6.6)(41-71)(42-83)(1.35-3.1)(3.5-6.7)(0.8-2.1)(2.3-4.9)

4.760.559.51.794.571.243.04 1.68

3.15 §36.4 §40.32 §3.325.221.853.1

SVT
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(0.0-3.1)(44-75)(45-87)(-0.22-1.47)(-0.17-2.99)(-2.6-0.97)(-0.7-2.3)

2.2562 670.521.17.331.03 0.74§

.9337.84 §65.00.46.74.351.00

Ebstein 
anomaly
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(3.79  -6.97)(40-71)(41-82)(1.49 - 3.24)(3.85 - 7.11)(0.95 - 2.23)(2.6-5.2)

5.7656.24260.372.485.771.714.26 0.92§

3.72 §26.79 §45.563.58 §4.892.88 §5.29 §Aortic 
valve 
stenosis 
w/ HAoA
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(1.32 - 4.42)(43-73)(45-85)(0.38 - 2.09)(1.17-4.35)(0.11-1.33)(0.83-3.36)

2.0355.2869.950.821.790.4216671.476667 1.18

0.64 §32.2 §90 §0.4 §0.59 §0.05 §0.5 §
TTTS w/ 
pulmonic
stenosis
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(1.79-4.9)(42-72)(44-84)(0.60-2.31)(1.66-4.85)(0.25-1.47)(1.17-3.71)

2.8651.0862.411.342.710.912.4 0.45 §

1.31 §47.1462.420.37 §0.7 §0.591.57
Critical 
pulmonary 
stenosis
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R:L EDV
mean,1.4
SD=0.46

TSV cm3

mean
(5%-95% CI)

REF (%)
mean

(5%-95% CI)

LEF (%)
mean

(5%-95% CI)

RESV cm3

mean
(5%-95% CI)

REDV cm3

mean
(5%-95% CI)

LESV cm 3

mean
(5%-95% CI)

LEDV cm 3

mean
(5%-95% CI)

DiagnosisCase



Agenesis of Portal System
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