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Righ coronary cusp Left coronary cuspNon coronary cusp

Problem 1:

The connection

between cusp

and aortic wall 

is at different 

levels of the

„crown“.

Problem 2:

The centerline

of the aortic

root complex

varies during

the cardiac

cycle. 

Limitations of 2D echocardiography
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Complex understanding of navigation
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how to visualize properly cardiac structures?

Intersection

with the

commissure

Intersection with

the cusp nadir
Intersection „at 

the same“ level

of the cups ?

Intersection

with the

commissure

Intersection

with the

cusp nadir

Systole
Diastole
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1. step: how adjust the central axis of AV 

during diastole to label the perpendicular

plane through the hinge points

2. step: how to measure the maximum

expansion of the LVOT during systole

3. step: how to adjust the plane of the virtual

aortic anulus
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gH =

geometric height

Problem 1:

The adaequate

level of the

virtual anulus

is necessary to

determine

quantitative 

parameter of

cusp anatomy.
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Problem 2:

Timing of the cardiac cycle by a 

proper ECG is necessary to determine

comparable results between

modalities (e.g. echo vs. CT).
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Problem 2:

A standardisation

of the

measurements of

valvular geometry

is necessary. 

Mostly the

enddiastolic time 

point is chosen.
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quantitative parameters of cusp geometry

Diastole

Systole

1
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1= 

orientation line at 

the level of the

tips of the 

„crown-like“ ring

2= 

orientation line at 
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The same patients: „bad“ settings versus optimized settings in 2D and 3D-TOE.

Prerequisite for proper image quality in 2D as well as 3D echocardiography: knowledge about

ultrasound physics and implementation of image optimization into the workflow by technical

knowledge settings and training for a fast workflow. 

Then, detailed analysis of aortic valve and aortic root morphology is possible.

The spatial and temporal resolution of 3D TOE is at least comparable to cardiac-CT.
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according

Hagendorff A, Evangelista A, 

Fehske W, Schäfers HJ.

JACC Cardiovasc Imaging. 2019 

pii: S1936-878X(19)30172-X. 

doi: 10.1016/j.jcmg.2018.06.032
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steps to measure aortic root morphology

1 2

3 1. Acquire a ZOOM data set - preferrably the complete mitral

valve and aortic root complex

2. Adjust the central axis of the aortic root in the long axis

(systole/diastole)

3. Adjust the central axis of the aortic root in the perpendicular

axis

4. Adjust the short axis to the hindge points by translation

during diastole

5. Rotate the short axis view to control the sectional short axis

plane..
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according

Hagendorff A, Evangelista A, 

Fehske W, Schäfers HJ.

JACC Cardiovasc Imaging. 2019 

pii: S1936-878X(19)30172-X. 

doi: 10.1016/j.jcmg.2018.06.032
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LVOT VA-

junction

Sinuses

ST-

junction

TAA
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adjusting sectional planes of central cusps

according

Hagendorff A, Evangelista A, 

Fehske W, Schäfers HJ.

JACC Cardiovasc Imaging. 2019 

pii: S1936-878X(19)30172-X. doi: 10.1016/j.jcmg.2018.06.032
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assessment of effective height

according

Hagendorff A, 

Evangelista A, 

Fehske W, 

Schäfers HJ.

JACC 

Cardiovasc

Imaging. 2019 

pii: S1936-878X 

(19)30172-X. 

doi: 10.1016/

j.jcmg.2018.06.032
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Hagendorff A et al. – JACC Imaging 2019
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assessment of geometric height

according

Hagendorff A, 

Evangelista A, 

Fehske W, 

Schäfers HJ.

JACC 

Cardiovasc

Imaging. 2019 

pii: S1936-878X 

(19)30172-X. 

doi: 10.1016/

j.jcmg.2018.06.032
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according

Hagendorff A, 

Evangelista A, 

Fehske W, 

Schäfers HJ.

JACC 

Cardiovasc

Imaging. 2019 

pii: S1936-878X 

(19)30172-X. 

doi: 10.1016/

j.jcmg.2018.06.032
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3D-ZOOM-TOE-

data set of the

aortic root

- 4-beat-near-

real-time-full-

volume-

acquisition -
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3D-ZOOM-TOE-sata 

set of the aortic root

focus on end-

diastole (like CT) -

visualization of the

comissures and

symmetry of cusps

This still frame is at the end of the

diastole, because data set is complete.
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3D-ZOOM-TOE-data 

set of the aortic

root

- adjusting the

sectional plane of

the crown tips by

translation –

perpendicular

sectional plane 

throu the

commissure

between NCC and

RCC
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3D-ZOOM-TOE-data 

set of the aortic

root

- adjusting the

sectional plane of

the crown tips by

translation –

perpendicular

sectional plane 

throu the

commissures

between NCC/LCC 

and LCC/RCC
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LCCNCC

RCC

3D-ZOOM-TOE-data 

set of the aortic

root

- labeling of the

crown tips using

markers
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Nadir

LCC

Nadir

RCC

3D-ZOOM-TOE-data 

set of the aortic

root

- crown tips are

labeled by markers, 

proper alignement

of sectional planes 

to label the nadirs

(hindge points) of

the RCC and LCC -
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Nadir

NCC

3D-ZOOM-TOE-data 

set of the aortic

root

- crown tips are

labeled by markers, 

proper alignement

of sectional plane 

to label the nadir

(hindge points) of

the NCC -
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3D-ZOOM-TOE-data 

set of the aortic

root

- labeling of both, 

the crown tips and

the hindge points

of the cusps using

markers -
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3D-ZOOM-TOE-data set

of the aortic root

Are the sectional plane of the

hindge points parallel to the

sectional plane of the crown tips? 
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3D-ZOOM-TOE-data set

of the aortic root

Obviously at end-diastole, both

sectional planes are not parallel.
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3D-ZOOM-TOE-data set

of the aortic root

Comparison of both sectional

planes at end diastole.
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3D-ZOOM-TOE-sata 

set of the aortic root

focus on early

diastole

- labeling of crown

tips and hindge

points -
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3D-ZOOM-TOE-data set

of the aortic root

Comparison of both sectional

planes at early diastole
- obviously the planes are almost parallel -
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3D-ZOOM-TOE-

data set

of the aortic root

The relation of both

sectinal planes 

differs during the

time period of

diastole.

These 

dynamics

can only be

assessed

by real time 

imaging.
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- additional parameters -
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Final recommendations according to the authors` 

experience and literature (1)
• The results of echocardiographic measurements of the AV and aortic 

root strongly depend on the time point of the cardiac cycle. 

• The maximum anterior-posterior diameter of the LVOT, AV annulus, SV, 

ST junction and TAA obviously vary between systole and diastole. 

• These dimensions are larger during systole than diastole, especially in 

younger patients with preserved compliance of the aortic root. 

• These dimensions are important for decision making in AV 

reconstruction, which is generally performed in younger patients. 

• Given these considerations, we strongly feel that the AV complex 

measurements should be performed in mid-systole. 

Hagendorff A et al. – JACC Imaging 2019
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Final recommendations according to the authors` experience 

and literature (2)
• In addition, spatial resolution of the external aortic wall using 3D TTE and 3D TOE may be 

limited. 

• Owing superior demarcation of the inner aortic wall  – especially using 3D TOE – we 

believe that I-I measurements are superior  to L-L measurements when using 3D 

echocardiography. 

• Finally, underestimation is unavoidable in 2D TOE for the reasons stated. 

• Thus, correct determination of these important diameters can best be achieved by I-I 

measurements during mid-systole using standardized sectional planes within the 3D data 

sets by postprocessing. 

• This creates a contradiction regarding proposed mid-systolic measurements and current 

guideline recommendations. 

• Current guidelines, however, do not address the specific aspects of AV repair. 

Furthermore, several studies showed that using I-I convention underestimation was 

compensated for by measuring aortic diameters mid-end-systole. 

Hagendorff A et al. – JACC Imaging 2019
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Final recommendations according to the authors` experience 

and literature (3)
• Measurements of cusp morphology and geometry – especially CL, 

eH and gH – obviously have to be performed during diastole when 

the cusps are stretched by diastolic pressure. 

• All findings and parameters for the assessment of the AV root 

complex which are relevant and mandatory according to our 

experience, are highlighted in table 1.

Hagendorff A et al. – JACC Imaging 2019
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Hagendorff et al., Global Cardiology Science and 

Practice 2018:12  http://dx.doi.org/10.21542/gcsp.2018.12
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Hagendorff et al., Global 

Cardiology Science and Practice 

2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12
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Additional information and better diagnostic impact:

Quantification of an excentric regurgitation in biscuspid aortic valve

ERO - 0.1-0.2 cm2
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Hagendorff et al., 

Global Cardiology 

Science and Practice 

2018:12  

http://dx.doi.org/10.215

42/gcsp. 2018.12

3D-analysis of left

and right ventricular

volumes to

determine total, 

effective and

regurgitant volume

by 3D 

echocardiography
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Hagendorff et al., Global Cardiology Science and Practice 2018:12  http://dx.doi.org/10.21542/gcsp.2018.12

Documentation of the dynamics

between the mitral and aortic annulus

between systole and diastole
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Hagendorff et al., Global Cardiology 

Science and Practice 2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12

Documentation of different types

of aortic regurgitation by

3D-echocardiography
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Hagendorff et al., Global Cardiology 

Science and Practice 2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12

Documentation of different types

of aortic regurgitation by

3D-echocardiography
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Hagendorff et al., Global Cardiology 

Science and Practice 2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12

Documentation of different types

of aortic regurgitation by

3D-echocardiography
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Hagendorff et al., Global Cardiology 

Science and Practice 2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12

Documentation of different types

of aortic regurgitation by

3D-echocardiography



3-dimensional echo in aortic valve repair

Hagendorff et al., Global 

Cardiology Science and Practice 

2018:12  

http://dx.doi.org/10.21542/gcsp. 

2018.12

Documentation of different 

types of aortic regurgitation by

3D-echocardiography
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Hagendorff et al., Global Cardiology 

Science and Practice 2018:12  

http://dx.doi.org/10.21542/gcsp. 2018.12

Documentation of complications

(endocarditis, aortic dissection) by

3D-echocardiography and contrast

echocardiography
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Hagendorff et al., Global Cardiology Science and Practice 

2018:12  http://dx.doi.org/10.21542/gcsp. 2018.12

Documentation of cusp prolapses by

2D-echocardiography
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Hagendorff et al., Global 

Cardiology Science and 

Practice 2018:12  

http://dx.doi.org/10.21542/gcsp

.2018.12

Visualization of blood flow

turbulences by blood flow

speckle tracking
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Summary
• 3D Echocardiography is the best imaging technique for patient selection for 

surgical AV repair and AV-sparing surgery. 

• 2D-TTE and 2D-TOE are inferior to 3D-echocardiography owing to misleading 

measurements in non-standardized, oblique sectional planes. 

• 3D echocardiography should include analysis of AV morphology, aortic root 

dimensions and AR severity. 

• Cusp morphology and commissures and measurements of coaptation length, 

eH and gH parameters should be described in a systematic approach using 

mainly 3D TTE and 3D TOE. 

• Complete and concise analysis by 3D echocardiography enables correct 

decision-making and planning of surgical procedures in patients with AR and 

aortic valve/root  abnormalities. It can be assumed that automatic 

quantification of the aortic root complex will facilitate the dynamic analysis of 

the aortic root complex in the future.
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Thank You for Your Attention

Siegel der

Universität Leipzig
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according

Hagendorff A, 

Evangelista A, 

Fehske W, 

Schäfers HJ.

JACC 

Cardiovasc

Imaging. 2019 

pii: S1936-878X 

(19)30172-X. 

doi: 10.1016/

j.jcmg.2018.06.032
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Final Summary:

1. 3D echocardiography enables a completely new modality

of imaging in echocardiography – the visualization of

surfaces (endocardium and the cusps).

2. Biplane and triplane simultaneous sectional planes 

enables a better and more acurate standardization of

imaging with improvement of measurements of

anatomical structures.

3. Postprocessing in 3D data sets offers the possibility of

new views (e.g. en-face view of the coronary ostia, etc.)

4. Especially for the decicion making and the planning of

the surgical strategy 3D echocardiography can provide

important informations.

5. The higher the image quality, the better the information.

6. Thus, training and expertise in 3D echocardiography is a 

prerequisite for a better diagnosis.


