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Overview

Tissue Synchronization Imaging (TSI) is a parametric imaging tool based 

on Tissue Velocity Imaging that provides clinicians with additional image

enhancement for assessing delayed cardiac wall motion.

The TSI parametric image analyzes the tissue velocity signals within the image

to determine the peak velocities within a specified portion of the cardiac

cycle. Since these peaks will occur in relation to overall motion, delayed wall

motion will produce a delayed peak velocity.

The amount of delay within the defined area of the cardiac cycle is used 

to assign or map a color to that location in the image. With TSI, the color 

represents the amount of tissue motion delay rather than the absolute value 

of the tissue velocity. When this technique is applied in real-time across the

2D image, the variation in color provides both a qualitative and quantitative

representation of wall motion delay, allowing a trained physician to readily

identify and evaluate asynchronous wall motion.
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Figure B. Wall motion delay (asynchrony)
as indicated by the red color segment in
the lateral wall.

Figure A. A normal cardiac cycle with an
easily recognizable ECG and synchronous
wall motion. The entire left ventricle is
uniformly green in color.

Both images are provided with a color scale relating the map color to the amount of
delay in seconds (top right), and an ECG trace (along the bottom) showing the electrical
activity of the heart with markers to indicate the segment of the cardiac cycle being
processed by TSI, as well as a cursor showing the location in the cardiac cycle of the
displayed image. These images are normally viewed with real-time acquisition.
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Performing Tissue 
Synchronization Studies

• Obtaining an image1:

–  Use the default or your own customized

Cardiac preset

–  To enter the TSI mode, press TVI, press 

Alt, and press TSI

–  Acquire a full sector image of the desired

imaging plane. A full sector is preferred to

simultaneously visualize and compare all

the walls within the left ventricle. Frame

rates achieved with full image size are 

sufficient for accurate TSI analysis.

–  The common imaging planes acquired for

TSI analysis are the apical 4, 2 and long

axis views. 

–  As with any Tissue Velocity Doppler imaging

technique, care should be taken to keep

the walls of interest aligned parallel with

the transducer so that accurate velocities

can be detected (Figure C).

–  To simplify TVI acquisition, TVI can be

acquired in the background during any

application (2D, Stress Echo or even

Contrast). Simply enter TVI mode, press 

the TVI visible button, and continue with

routine scanning. All images obtained will

have TVI data in the background, and can

be used later for analysis. This setting can

be added to the User Preset. (Consult the

User Manual for additional information.)

• Optimizing Controls:

–  Optimize 2D gain for a clean chamber 

that is free of noise. Automatic Tissue

Optimization (ATO) can be utilized for this

by simply depressing the gain button.

–  An ECG trace, free of noise and with a 

consistent heart rate, should be obtained.

–  Acquire one or more full heart cycles into

cine loop.

–  Typically, TSI start and end times do not

need to be manually adjusted. The default

settings are recommended. (See more

information below under “Detailed

Analysis.”)2

• Image Interpretation

–  Select TSI mode, Freeze 2D and scroll to

the TSI end time. The image is colorized

according to the time-to-positive-peak

systolic velocity: 

–  Regions reaching peak velocity early in 

systole are marked in green.

–  Regions reaching peak velocity late in 

systole or in diastole are marked in red. 

–  To add a level of quantification, the exact

time-to-peak velocity for each point in the

image can be easily measured (Figure D):

Figure C.

1TSI analysis should not be performed on TEE images due to their non-conventional imaging planes and negative systolic velocities.

2Patients with sustained cardiac arrhythmias may not be suitable for TSI analysis.

3See User Guide for detailed description.

4The event timing markers are only valid if the heart rate is constant from the time the M-mode/Doppler traces and the TSI image is acquired.

TSI Color Coding

The time-to-peak 
positive velocity is
colorized continuously
from green through
yellow, and orange
to red. 

The exact start and
end times for TSI 
are shown on the
color bar.

The TSI cutoff button
assigns the same
color for all regions
that reach peak
velocity earlier than
the cutoff value.

Another color map
that depicts blue and
green can be selected
for those who are
color blind.

Note that the apex
region does not allow
a valid interpretation,
as the Tissue
Synchronization
Imaging and 
measurement is
based on tissue
velocity information.

–  Once an image is acquired within TSI 

or any other Tissue Velocity (TVI) mode, 

(or with TVI running in the background) 

any one of the TVI maps can be visualized

or analyzed, e.g., Tissue Velocity, Tissue

Tracking, Strain, Strain Rate or Tissue

Synchronization.
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–  Freeze the loop in a late diastolic frame

–  Enter Measure

–  Select Time folder

–  Place the cursor in the tissue area you want

to measure and click

–  The time-to-peak velocity for the cursor

position (median average from circle of 1 cm

diameter around cursor position) is shown

in the results window. 

–  The measurement results are also stored in

the database, and can be retrieved for further

analysis via the Worksheet at any time.

• Event timing:

–  Open M-Mode or PW/CW Doppler recording

of the aortic valve.

–  Measure aortic valve’s opening and closing

times (AVO, AVC) by choosing the “Event

Timing” folder in the Measure menu, and

clicking at the appropriate times in the 

M-Mode or PW/CW Doppler display.3

• QAnalysis:

–  Activate the Tissue Synchronization Imaging

loop and enter Quantitative Analysis by

using the QAnalysis button (Figure E).

Figure D.

Synchrony
= Regions reaching peak velocity at the same time
= Regions with the same color

Asynchrony
= Regions reaching peak velocity at different times
= Regions with different colors

–  The start and end times of Tissue

Synchronization Imaging are marked 

on the ECG. The automatic time-to-peak 

velocity detection, which is the basis 

for Tissue Synchronization Imaging, is 

performed within this time period.

–  The start and end times may be modified

according to the AVO and AVC markers using

the “TSI Start” and “TSI End” controls.

Typically, the start time may be set equal 

to AVO, and the end time 200 ms after AVC.

Setting the start time prior to AVO, is not

recommended since isovolumic contraction

velocity peaks may be detected. The end

time may be set at AVC, but post-systolic

velocity peaks will not be detected.4

TSI Timing

Default start time: 
60 ms after detected
onset of the QRS.
Default end time:
200 ms after 
estimated end systole.
(The time of end 
systole is estimated
from the heart rate.)

Any TVI images
acquired previously
on other GE VingMed
ultrasound systems
can be analyzed with
new TSI technology
using the Vantage
release software
available on the
EchoPac PC work-
station or the 
Vivid 7 system.

Figure E. Note the AVO
and AVC times marked
with vertical lines in the
trace window. Velocity
traces may be derived 
by placing regions of
interest in the 2D image.

EARLY LATE

Detailed Analysis

Detailed analysis and fine tuning of the Tissue

Synchronization Imaging data may be performed

by first measuring the event timing of the aortic

valve, and then entering the Quantitative

Analysis mode.
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Figure 2.

Figure 3.

Figure 1.
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A 74-year-old male was diagnosed with dilated cardio-

myopathy of non-ischemic origin two years ago. The

patient remained stable on an optimized pharmacological

therapy until recently, when he experienced progressive

dyspnea. He was admitted to our hospital with acutely

decompensated heart failure and pulmonary edema.

Electrocardiographic QRS width on admission was 160 ms,

with a left-bundle branch block morphology. After 

recompensation on I.V. diuretics, the QRS width became

narrower again and was measured at 140 ms. Routine

echocardiography showed severely reduced left ventricular

systolic function, with an ejection fraction of less than 20%

and severe mitral regurgitation. The echocardiographer

noted an asynchronous contraction pattern and documented

the degree of asynchrony with TSI (Figure 1). An indication

for implantation of a biventricular pacemaker was made. 

The left ventricular lead was implanted transvenously 

into an infero-lateral epicardial vein through the coronary 

sinus. After implantation, the atrioventricular delay 

was programmed to a standard value of 120 ms, with

simultaneous biventricular pacing (no interventricular

delay, VV = 0 ms). To confirm the resynchronization effect,

another TSI exam was performed one month after the

implant, which showed persistent asynchrony with delayed

motion of the septum and the inferior wall (Figure 2). 

To achieve synchronous motion, it was necessary to shorten

the atrioventricular delay to 100 ms, and to introduce an

intraventricular delay with additional left-ventricular pre-

excitation of 20 ms (VV = -20 ms). Under these settings,

TSI demonstrated nearly simultaneous motion in all walls

(Figure 3). Three months after reoptimization, the patient

reported a marked improvement in symptoms and quality 

of life. The six-minute walking distance improved from

345 meters before implantation to 480 meters four

months later.

For more information on Tissue Synchronization Imaging

(TSI), visit www.vividecho.com
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