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The Evolution of 3D Cardiology Transducers



Full matrix array transducer 
(2-4MHz for TTE, 
5-7MHz for TOE & pediatric)



2D vs 3D



J Am Soc Echocardiogr 2012;25:3-46

GUIDELINES AND STANDARDS EAE/ASE 

Recommendations for Image 
Acquisition and Display Using 3D

Three-Dimensional Echocardiography                           
2012



2017

“With the increasing number of patients undergoing less 
invasive, percutaneous procedures, 
emerging-delete echocardiographers must be

knowledgeable in 3D image acquisitions,

familiar with the 3D anatomy of valves, 

able to communicate pathology effectively,

and perform quantitative analysis of the various structural heart 
diseases encountered”.





2021
 3D Echocardiography to Guide Decision Making in all fields of Cardiology, 

Congenital Heart Disease.and Cardiac Surgery.



Principles governing 3D image acquisition



Image 
optimization 
and control

before you 
start 3D

 1. Quality of 3D images always start with good 2D image 
(3D TEE is better than 3D TTE)

 2. Any 2D artifact will persist in the 3D (the same physics)

 3. Ensure good contact of the probe with the 
oesophagus (TEE)

 4. Adjust the 2D image 

 5. Adjust the 3D image

 6. Be aware of 3D artifacts (Drop-out artifacts / Stitch 
artifact)

 7. The proper choice of the appropriate mode for each 
structure makes a good image



Image optimization in 2D 

USING THE OPTIMAL 
GAIN, FOCUS AND 

DEPTH

FOCUS ON 
STRUCTURE OF 

INTEREST

4 BEAT 
ACQUISITION

ECG GATED 
IMAGES



3D Echo - Lateral Width



3D Echo - Elevation Width



3D Resolution 
concepts



3D Image 
Resolution

 Temporal Resolution : Frame Rate (Volume Rate)

- 3D volume size
- Image depth
- Scanning density

 Spatial (Detail) Resolution :
- # 2D sectors/volume of interest

- # US lines / 2D sector
- Scanning density within volume of interest



Relationship among frame rate, resolution, and 
sector size in three-dimensional beamforming. 

Ultimately, the constraint of a system can be described 
by a triangle, whose boundaries are defined by the 
number of transmit lines that can be fired. 

• Lines widely spaced can increase the volume size at 
the cost of lowering the resolution for a constant 
frame rate.

• Tight line spacing can be used in zoom modes to 
increase resolution, but at the price of a smaller 
volume.

• The number of transmit lines is a key determinant of 
frame rate; more lines increase the resolution but 
lower the frame rate.



Spatial Resolution



Temporal Resolution



Frame Rate 
vs 

3D Volume Data Set 

 Ultrasound speed: 1540 m/s through tissue
Depth of 16cm: transmitting + receiving time 220 micro sec
2D (90 scanlines) requires 19,8 ms FR : 50 Hz
3D (2400 scanlines) requires 528 ms FR : 1,9 Hz

 How to improve the Frame Rate
- Receive multiple beams for each transmit event

(parallel processing)
- Decrease image size either laterally or in depth
- Acquire data over multiple cardiac cycles (4-7) and built 



Volume rate 
vs 

Resolution 



Determinants of 3D image quality
 Operator’s experience

 Interpretation learning curve…



Trade – offs 
in 3D Image 
Acquisition



3D Image Control

A unique advantage with 3D images 
is the opportunity to freely rotate and display it 
in any orientation

Rotation can be done  either online or offline

I. Rotate Z :  to rotate the image clockwise and anti-clockwise

II. 3D Rotation : to rotate (cranial and caudal ) or (front and behind)  
You can get 2 different perspectives (i.e. LA & LV perspective for the 
MV)

III. Lateral steer : to move the image and sector without movement of 
the probe

IV. Swivel motion :  like the pendulum clock to compare 2 structures 
at the same time



Major clinically relevant 
3DE limitations

Low Temporal 
resolution

Stitch artifacts 
(Multi-beat 
acquisition) 

HVR technique

Drop-out artifacts



Disadvantages of 3D echo

Lower resolution 
than 2D

Small field of 
view  in Real Time 

mode (narrow 
sector 600 x 300 )

Respiration
ECG gating 
disturbances 
(multi-beat 
acquisition)

Arrhythmias Obesity
SINGLE BEAT 

ACQUISITION = 
Low Frame Rate!



Image 
optimization 
in 3D 

 1. GAIN:
This control removes the noise from the structure

OVER – GAIN : Noise, foggy appearance (cannot see 
what’s behind)

UNDER – GAIN : Missed part of the structure

 2. BRIGHTNESS :
This controls the degree of illumination

TOO-LOW : Dark image

TOO-HIGH : Very bright (over – illumination)

Scale 0-10 (most images show optimal illumination around 
5)



Image 
optimization 
in 3D 

 3. SMOOTHING :
This control removes the subtle roughnesss of the surface

(makes the structure appear smoother)

 4. MAGNIFICATION :
This option can magnify the image

Corresponds to Zoom in 2D with the advantage of keeping 
the image quality despite of the magnification



Patient & 
Machine 
preparation 

 1. Good ECG signal with clear R waves (3D triggering)

 2. Adjust  machine settings (follow the rules as for 2D) 
for the best 3D resolution:

- Harmonics – fundamental, adjust gain setting
(clear blood – tissue border – minimize noise)

- Region of interest between the dotted lines
- Minimise sector (angle, depth, density)
- Maximise number of subvolumes (for 3D full volume)
- Increase overall gain before recording



Modes of 3D







3D Imaging Modes



I. X-Plane Mode



I- X Plane          
Mode 

Definition

This mode provides 2 orthogonal planes in a 
single image (i.e. SAX view & LAX view)

It gives two images : The original image to the 
left and the orthogonal image to the right

Both images are complementary



Value and 
Uses 

of 
X Plane Mode

1. Guiding the needle in septal puncture

2. Guidance during TAVI, Watchman 
device and Mitral Clip procedures

3. Accurate measurement of MVA

4. Confirmation of LAA thrombus 
(thrombus seen in 2 orthogonal views is 
diagnostic)



Advantages  & 
Disadvantages

of 
X Plane Mode

Advantages
1. Good spatial & temporal resolution
2. Save time
3. Real time

Disadvantages
1. Decrease in temporal resolution when 

you add colour (  Frame Rate)
2. It is a 2D picture (however…., 

it cannot be obtained except with a 3D probe)



II. LIVE 3D mode



LIVE 3D mode






II. LIVE 3D   
mode



Value and 
Uses 

of 
Live 3D Mode

1. Used in Intervention - in which there 
is rapid movement 

2. Theoretically can be used for 
imaging of any cardiac structure 

3. However the AoV is the most suitable 
structure to be visualized by live 3D

4. The best mode for TAVI



Advantages  & 
Disadvantages

of 
Live 3D Mode

Advantages
1. Gives sense of depth
2. Adequate Frame Rate
3. Gives Real Time 3D imaging
4. High Temporal resolution

Disadvantages
1. Less Spatial resolution
2. Poor Temporal resolution with 

large image sector



Merits & 
Demerits

of 
Narrow-Angle
Live 3D Mode
(30-60 degrees)

 Merits
1. High Temporal resolution
2. Good Spatial resolution
3. Quality of the data is maintained 
in rhythm disturbances & during resp.motion

 Demerits
1. Volume data is incomplete & 

inaccurate
2. Enface imaging not possible



III. 3D Zoom mode





III – 3D Zoom 
mode

Definition

It is the mode used to show the details of  
part of a structure - by taking a pyramidal 
sector  

Beware of loosing spatial resolution 





Value and Uses 
of 

3D Zoom Mode

Used in assessment and guiding the internention of :

- LAA (thrombus, Watchman device)

- MV & surrounding structures (perforation, cleft, flail, 
prolapse, suitability for mitral repair, mitral clip)

- Assessment of IAS & surrounding structures 
- Assessment of adequacy of the ASD rims before 
device closure
-Accurate assessment of the size & the number of 
defects & proper choice of the adequate device size
- Assessment of residual shunt & detection of device 
embolization



Advantages  & 
Disadvantages

of 
3D Zoom Mode

 Advantages
High Spatial resolution, so can give 
the best anatomical details

 Disadvantages
Less Temporal resolution, compared to 
Live 3D



IV. FULL VOLUME 



IV. FULL VOLUME 





IV –
Full 
Volume 
mode

Definition

It is a mode that takes a large pyramidal sector  of the 
heart.

It records the image on 4 levels. On each level the 
machine puts  its strength on a certain part of the heart. 
The machine automatically stitches the 4 parts together to 
make the full heart

It takes the average of 4 beats(7 beats if AF) 

It must be ECG gated



Value and Uses 
of 

Full Volume 
Mode

Used mainly for assessment of left  ventricular 
volumes and function

Full volume with color used for the assessment 
of paravalvular leaks, dehiscence and rocking 
of metallic prosthesis



Advantages  & 
Disadvantages

of 
Full Volume 
Mode

 Advantages

- High Frame Rate with high Temporal Resolution
- High Image Quality

 Disadvantages

- Time consuming

- Not suitable during Interventions

- Not real time

- Stitch artifact



HVR technique
 The disadvantage of the Full 

Volume Acquisition 
technique, the stitch artifact, 

 is caused mainly from 
breathing during data 
acquisition,

 and it is partially overcome 
by the high volume rate 
(HVR) technique



3D Echo 
Artifacts



3D Echocardiography Applications

 Disease diagnosis :
Assessment of anatomic and functional pathology

 Guide Interventions 
(percutaneous and surgical)

 Assess Intervention results

 Assess LV/ RV volumes and function



1. Disease Diagnosis

Assessment of anatomic 
and functional 
pathology

ANATOMY



LAA



LAA morphology



LAA thrombus









Sinus Venosus ASD









AoV






Tricuspid AoV












Pseudo-bicuspid AoV












Unicuspid AoV









MV



3D presentation of mitral valve – “en-face” view:
viewed form atrium (A) or from left ventricle (B)



Studying MV 
 MVN software

 3D Auto MV software



MV area (3D Zoom – Qlab)








Rheumatic MS









MS  intervention



Mitral Regurgitation –
MV pathology



Mitral
Regurgitation 



MV – P2 flail









MV - P1 and P3 flail



MV - A2 flail









AMVL cleft



PMVL identations



P2 prolapse and 
Identation between P1 and P2



Aorta
(pt with a PMH of Iatrogenic Dissection 

after Coronary Angiogram)












Atheroma












Intracardiac 
Masses

Vegetations

Tumors

Thrombi



Masses 
(Vegetations)






LAA thrombus

Masses
(Thrombi)









LV thrombus



Masses - Tumors
(Myxoma)












2. Guide 
Interventions

(percutaneous 
and surgical)



IAS puncture and Septal Dilator



3. Assess Intervention results
(percutaneous and surgical)

PFO / 
ASD 

closure

VSD 
closure

Mitral 
Clip

TAVI



ASD closure device

















Post MI VSD









Echo-guided Mitral Clip Implantation



Echo-guided Mitral Clip Implantation



Mitral Clip Glass feature



Mitral Clip



TAVI


















TAVI



Prosthetic Valves 

 Normal appearance

 Dehisence of prosthetic annulus

 PVL

 Valve in Valve



ASE/EACVI Guidelines: 
Basic Assessment of Normal Prosthetic Valve Function
Philippe Pibarot               APRIL 19, 2018



AVR












MVR






Dehisence of MV 
annuloplasty ring



PVL












Valve in Valve 



4. Assess LV/RV volumes and function









Dynamic 
Heart Model
for LV/LA volumes 
& function









LVEF by 3D volumes 
(Full Volume Acquisition)

















TMSV = time to minimal 
systolic volume

SDI = systolic 
dyssynchrony index
(automatic calculation)












3D speckle tracking Echocardiography
(3DSTE) 

 3D strain parameters of the left ventricle in a healthy subject. 
From a single end-systolic ROI 

 (A), longitudinal, circumferential and area strain (negative—
red color) and radial strain (positive—blue color) are 
simultaneously obtained 

 (B); in the left bottom corner of each bull’s eye map, the 
global value is displayed for each strain parameter (G, 
global).

With 
Speckle 
tracking

Strain & Strain 
Rate can be 
calculated for 
movements in 
longitudinal, 
radial & 
circumferential 
directions



GLS

Longitudinal strain is a 
robust marker of 
cardiac function 
& 
correlates well with EF 









Strain & 
Strain Rate curves









3D Dobutamine Stress Echo 





Cardiac Resynchronization Therapy
Using 
the segmental to minimal systolic volume (TMSV) and systolic dyssynchrony index (SDI)

 For the analysis of LV dyssynchrony, individual LV segmental volumes are 
plotted versus time throughout the cardiac cycle.

 These plots allow measurement of temporal differences in segmental TMSV and 
automatic calculation of SDI from the standard deviation of regional TMSV

 The device is programmed for the A-V and V-V intervals that produce the lowest 
systolic SDI.

 Using a 3D echo protocol, CRT reduces the SDI, resulting in improved ejection 
fraction in about 80% of cases

 This cardiac resynchronization leads to symptomatic improvement that usually 
lasts for a minimum of 6 months





RV



RV assessment 
by “3D auto RV”












EchoNavigator

Fusion Imaging by SmartFusion technology
(3D TEE & Live X-ray in real time)



3D echocardiography 
captures the full extent of the 
anatomy and pathology and 
has emerged as an excellent 

imaging tool that provides 
an  incremental value over 
the traditional 2D imaging

3DE is very useful tool for 
accurate assessment of LV / 

RV volumes and systolic 
function

With trans-catheter 
interventions being 

performed quickly across the 
Globe, 3DE plays a major 
role in device sizing and 

peri-procedural monitoring

Quality of 3D images always 
starts with good 2D images

The proper choice of the 
appropriate mode for each 

structure makes a good 
image



Thank you



Live Imaging

Live imaging can be performed in the following modes: 

 real-time narrow sector, 
 focused wide sector, 
 and single-beat full-volume mode

Each of these modes can be acquired with or without CFD information.



R-Wave Gated Multibeat Acquisition

There are three R-wave gated 3D image acquisition modes: 
 R-wave gated multiple-beat acquisitions without CFD, 
 R-wave gated multiple-beat acquisitions with CFD, 
 and wide-angle “zoom” multibeat acquisition. 
R-wave gated acquisition is based on piecemeal examination of a 
structure (eg, mitral valve with multiple frustums/volumes that are 
generated sequentially in synchrony or gated to the R wave of the 
ECG). 
Because each frustum has a high line density and temporal resolution, 
the final reconstructed image is predictably of a very high quality









 Fusion Imaging Obtained with the EchoNavigator ®-system. A: Fusion of the 
TOE image (left) with the fluoroscopy image (right) showing the left atrial 
appendage (LAA) and surrounding structures. This imaging modality allows 
identification of the position of the Coumadin ridge (yellow arrow) and 
facilitates positioning of the sheath in the LAA. B: Fusion of the Color flow 
Doppler TOE image (left) with the fluoroscopy image showing the absence of 
obstruction to flow in the left upper pulmonary vein (LUPV). The stability of 
the device (Amulet) is tested with application of slight tension on the delivery 
cable (wiggle test).







Subvolumes

However… Reasons to use less subvolumes

Arrhythmias / severe bradycardia

Breathhold problems

Big heart : use wide angle / 5 subvolumes
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