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Use a clean soft cloth or dry paper tissue to clean the two main shafts inside the trackball, 
bearings, plastic housing, and inner part of the pressure ring, as shown below. Meanwhile, clean 
the ball. 

3. Re-installing:

Put the ball in. Then, put the pressure ring in (the convex strip on the pressure ring is about 35 
degrees from the horizontal), and rotate counterclockwise until the convex strip on the pressure 
ring is horizontal. Then, the buckle is locked. At this time, the pressure ring can no longer be 
rotated, indicating that the pressure ring has been installed in place.

Cleaning the Dust-proof cover

NOTE:

Please clean all dust-proof covers of the system periodically (1 time per month); otherwise, system 
damage may result. Cleaning times can be increased when the system is used in the open air or 
somewhere dust is more.

Tool: soft brush

Perform the following procedure:

1. Pull out the dust-proof cover.

Main shaft

Bearing

Main shaft
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2. Cleaning: with soft brush and then wipe off the dust.

3. Assemble dust-proof covers. Insert the dust-proof cover into the slot of the main unit.

18.1.2 Cleaning the peripherals

NOTE:

Clean the peripherals periodically (1 time per month).

Do the cleaning maintenance according to your actual peripheral configuration; items which are not 
configured can be skipped.

Content Description

Color and B/W video 
printer

First wipe off dust or stain attached to the cover of printer with soft dry 
cloth, then clean the inside of printer. Be sure to do the cleaning 
maintenance according to the operation manual if necessary.

Graph / text printer First wipe off dust or stain attached to the cover of printer with soft dry 
cloth, then clean the inside of printer. Be sure to do the cleaning 
maintenance according to the operation manual if necessary.

Footswitch Use soft dry cloth with a little mild soap water to wipe off the dust or stain 
attached to the pedals or cable of foot switch.

Barcode reader First use soft dry cloth to wipe off dust attached to glass panel of the 
reader, then the dust or strain attached to cable and bracket. 
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18.1.3 Common inspections

Checking the Probe

 WARNING

Check the Probe periodically (1 time per month).

• Visually check to confirm that there are no cracks or expansion of the probe head. 

• Visually check to confirm that there is no deterioration or erosion of the probe cable. 

• Visually check to confirm that none of the connector pins are bent, destroyed or falling off.

Checking the Power Cable and Plug

NOTE:

Check the power cable and plug periodically (1 time per month).

Visually check to confirm that there are no wrinkles, cracks or deterioration, and no cracks or 
expansion on the surface of the adapter. 

Manually check to confirm that there is no looseness or rupture. The connection of the plug is reliable.

Checking Appearance

NOTE:

Check the appearance periodically (1 time per month).

Check if there are any cracks in the covers:

• Ultrasound system covers.

• Probe appearance.

• External appearance of the ECG lead.

Checking Battery

Check battery performance regularly (once every 3 to 6 months):

• Check whether the battery can be normally charged in startup state: If the current battery is 100% 
or the battery rises after a certain period of time, it indicates that the battery can be normally 
charged. When the general battery is less than 90%, the time needed to increase the battery power 
by 1% should be < 5min; when the battery is greater than 90%, it takes more time to increase the 
battery power by 1%.

• In standby state, after disconnecting the AC power supply, check whether the battery can maintain 
normal standby status based on the standby status indicator.
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18.1.4 Checking Mechanical Safety

NOTE:

Check the Mechanical safety regularly (once a year).

Mechanical safety inspection mainly focuses on the mechanical strength and mechanical function of 
key components of the ultrasound system.

The main inspection and evaluation methods include visual inspection and operation inspection. If the 
inspection result fails to pass and proves that the system is in an abnormal state, stop the system and 
take appropriate measures.

No. Content Method Tool

1. Display fixing 
and motion 
structure

• Manually check that the display can be bent, lifted, rotated 
to the left and right normally, and no abnormal sound 
indicating that the display is loose can be heard during this 
process.

• Visually check that the display is not tilting left or right.

/

2. Caster • Visually check that the casters are not broken.
• Turn on and off the caster locks to ensure that casters can be 

locked and released properly.

/

3. Caster 
connection

• Visually check that the casters are not askew and whether 
the connecting screws do not crack or fall off.

• Use a wrench for the inspection, and check that the casters 
and the base connection screws are not loose.

Socket 
head 
wrench

4. Handle • Visually check that there are no cracks in the handle.
• Hold the handle with both hands, push the machine, and 

gently pull it to confirm that the handle is not loose.

Socket 
head 
wrench

5. Shell of the 
main unit

Visually check that the shell does not crack. /

6. Other 
mechanical 
structures

Check that no other structural parts are loose, the shell does not 
crack, and no conductive parts are exposed.

/

7. Control panel 
and lifting 
rotary structure

• Move the control panel by hand to check that the support 
structure of the control panel is normal and the control panel 
is not tilted or loose.

• Press and hold the control panel adjusting lever, and lift or 
descend the control panel up to any position. Check that no 
abnormal sound is heard during the movement. Release the 
control panel adjusting lever, and check that the control 
panel can be locked.

• Press and hold the control panel adjusting lever, and turn the 
control panel left and right. Check that no abnormal sound is 
heard during the rotation. Release the control panel 
adjusting lever, and check that the control panel can be 
locked.

/
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18.1.5 Inspection of Peripherals and Optional Functions

NOTE:

Perform mechanical safety checks regularly (once a year).

If there are no modules or optional accessories in the system configuration, skip the relevant 
inspections.

18.1.6 System Hard Drive Backup 

To prevent deterioration or loss of data stored in the system hard drive (including animal info data, 
preset data, etc.), create a backup copy of the hard drive at regular intervals.

18.2 System Function Inspection

This inspection is an effective method to ensure product quality. When necessary, perform this 
inspection. Regular maintenance is not required.

No. Content Method

1. Color or black 
and white video 
printer

Check whether the output of the video printer is normal.

2. Graphic printer Check whether the output of the graphic printer is normal.

3. Footswitch Check whether the footswitch implements the configured functions 
according to the program.

4. External DVD 
Recorder

Check if DVD-R/W is working properly (burning, reading and ejecting).

5. Bar code 
scanner

Check whether the scanner works normally and the output is correct.

6. DICOM Check whether DICOM works normally. Send pictures and other data to 
DICOM server for verification.

7. ECG Check the user’s basic operations and verify the implementation of 
functions of the ECG module.

No. Content Method

1. B mode Check the basic operations of the B mode. Check some of the basic 
software and hardware that affects operations related to the B mode.

2. Color mode Check the basic operations of the color mode. Check some of the basic 
software and hardware that affects operations related to the color mode.

3. Doppler mode 
(PW/CW)

Check the basic operations of the Doppler mode. Check some of the basic 
software and hardware that affects operations related to the Doppler 
mode.
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18.3 Troubleshooting

If any persistent system malfunction is experienced, e.g., an onscreen error message, blank imaging 
screen, absent menus, see the table below. If the failure cannot be resolved, contact the Customer 
Service Department or sales representative.

4. M mode Check the basic operations of the M mode. Check some of the basic 
software and hardware that affects operations related to the M mode.

5. Measurement (2D, 
M, Doppler routine 
measurement; 
application 
measurement is 
optional)

Perform gray scale image scanning on the mannequin, use the 
measurement control to verify the accuracy of distance and area 
calculation. and verify the measurement accuracy based on the 
performance test results.

6. Keyboard test Perform keyboard tests to verify that all control keys are working 
properly.

7. Custom key test Verify that the user-defined functions of custom keys work properly.

8. Display To check whether the display function and parameter adjustment of the 
display are normal, see the display test method.

9. Software menu 
check

Check the software menu display function, and verify that users can 
access various operation menus and screens normally.

No. Content Method

No. Failure Cause Measure

1. The power button 
indicator is lit up, but 
the image is blank.

The interval between turning off 
and restarting the system is too 
short - wait at least 20 seconds.

Turn off the system and wait at 
least 1 minute, then restart the 
system.

The monitor brightness or contrast 
may be improperly set. 

Adjust the monitor brightness and 
contrast back to the factory 
defaults. 

2. The monitor displays 
the characters but no 
images.

The transmission power, overall 
gain or TGC controls are 
improperly set.

Adjust the transmission power, 
gain or TGC control.

Check that a probe is connected 
and/or fully connected.

Ensure proper probe connection.

The system is in freeze status. Unfreeze the image.

3. The image quality is 
degraded

The exam mode is incorrect. Select an appropriate exam mode.

The image post-processing 
settings are incorrect.

Adjust the image post-processing 
settings or reset post-processing to 
the default values.

The image presets are 
inappropriate.

Reset the factory default presets.
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4. The button does not 
respond and the 
system is buzzing

There is dirt blocking the button. • Check the control panel for the 
blocked button and press it 
several times to release it.

• Clean the button.

No. Failure Cause Measure
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A Barcode Reader

The system supports logging data as animal ID by using the barcode reader.

 CAUTION
Ensure the information acquired by barcode reader is consistent with the actual information.

TIP:
The reader does not support decoding of Multi-language.

A.1 1-D Barcode Reader

The laser transmitted by SYMBOL LS2208 is Class 2 laser.

 WARNING

Class 2 laser adopts low power, visible LED. DO NOT stare into beam because of unknown 
hazards of transient radiation provided by class 2 laser.

There are 2 operation modes for 1-D barcode readers:

• Hand-held mode: press the trigger to decode.

• Hands-free mode: seat the reader in the stand to enter the mode, the reader decodes automatically.
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A.1.1 Setting Up the Reader

Perform the following procedure:

1. Plug the interface cable modular connector into the cable interface port on the bottom of the reader 
handle, and ensure the connector is properly secured.

2. Connect the other end of the interface cable to the host.

1. LED • Green: A barcode was successfully decoded.
• Red: A data transmission error or reader malfunction occurred.

2. Scan window Scan the barcode.

3. Trigger Press to decode.

1. Cable interface port

2. Interface cable modular connector
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A.1.2 Setting

The reader has factory settings, refer to the following table for parameter defaults:

Parameter Defaults Parameter Defaults

1-D Symbologies Interleaved 2 of 5 (ITF)

UPC/EAN Interleaved 2 of 5 (ITF) Enable Enable

UPC-A Enable Set Lengths for I 2 of 5 14

UPC-E Enable I 2 of 5 Check Digit Verification Disable

UPC-E1 Disable Transmit I 2 of 5 Check Digit Disable

EAN-8/JAN 8 Enable Convert I 2 of 5 to EAN 13 Disable

EAN-13/JAN 13 Enable Codabar (NW - 7)

Bookland EAN Disable Codabar Enable

Decode UPC/EAN/JAN 
Supplementals (2and 5 digits)

Ignore Set Lengths for Codabar 5 to 55

UPC/EAN/JAN Supplemental 
Redundancy

10 CLSI Editing Disable

Transmit UPC-A Check Digit Enable NOTIS Editing Disable

Transmit UPC-E Check Digit Enable

Transmit UPC-E1 Check Digit Enable 2-D Symbologies

UPC-A Preamble System Character PDF417 Enable

UPC-E Preamble System Character MicroPDF417 Disable

UPC-E1 Preamble System Character Code 128 Emulation Disable

Convert UPC-E to A Disable Data Matrix Enable

Convert UPC-E1 to A Disable Maxicode Enable

EAN-8/JAN-8 Extend Disable QR Code Enable

UCC Coupon Extended Code Disable

Code 128

Code 128 Enable

UCC/EAN-128 Enable

ISBT 128 Enable

Code 39

Code 39 Enable

Trioptic Code 39 Disable

Convert Code 39 to Code 32 
(Italian Pharmacy Code)

Disable

Code 32 Prefix Disable

Set Length(s) for Code 39 2 to 55
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The reader supports some user-defined functions as introduced below.

For more details, please contact the SYMBOL reader agents, or the Customer Service Department or 
your local distributor.

Volume setting

Scan the following barcode to set the volume parameter.

• Low Volume:

• Medium Volume:

• High Volume:

Code 93 and codabar scanning
• To enable or disable Code 93, scan the appropriate barcode below.

 

Code 39 Check Digit 
Verification

Disable

Transmit Code 39 Check Digit Disable

Code 39 Full ASCII 
Conversion

Disable

Buffer Code 39 Disable

Code 93

Code 93 Enable

Set Length(s) for Code 93 4 to 55

Parameter Defaults Parameter Defaults
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• To enable Codabar, scan the appropriate barcode below.

Code 39 full ASCII scanning

Code 39 Full ASCII is a variant of Code 39 which pairs characters to encode the full ASCII character 
set. To enable or disable Code 39 Full ASCII, scan the appropriate barcode below.

   

I 2 of 5 symbols setting:

Select this option to decode only I 2 of 5 symbols containing a selected length. Select the length using 
the numeric barcodes below. For example, to decode only I 2 of 5 symbols with 8 characters, scan I 2 
of 5 - One Discrete Length, then scan 0 followed by 8.

A.1.3 Scanning in Hand-Held Mode

Perform the following procedure:
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1. Ensure all connections are secure. 

2. Aim the reader at the barcode. Press the trigger.

Ensure the scan line crosses every bar and space of the symbol, see the figure below.

3. Upon successful decode, the reader beeps and the LED turns green. 

Do not hold the reader directly over the barcode. Laser light reflecting directly back into the 
reader from the barcode is known as specular reflection. This specular reflection can make 
decoding difficult. You can tilt the reader up to 55° forward or back and achieve a successful 
decode.
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A.1.4 Scanning in Hands-Free Mode

Assembling the Intellistand

Perform the following procedure:

1. Unscrew the wingnut from the bottom of the one piece scanner “cup”.

2. Fit the bottom of the neck piece into the opening on the top of the stand base.

3. Tighten the wingnut underneath the base to secure the cup and neck piece to the base. 

Before tightening the wingnut under the base, ensure that the flat areas on the flexible neck fit 
securely in the grooves in the base.

4. Bend the neck to the desired position for scanning.

Mounting the Stand (optional)

You can attach the base of the reader’s stand to a flat surface using two screws or double-sided tape 
(not provided).

1. One piece scanner “cup” with flexible neck

2. Flat areas

3. Stand base

4. Wingnut

1

2

3

4
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Perform Scanning in Hands-Free Mode

When the reader is seated in the scanner cup, the reader’s built-in sensor places the reader in hands-free 
mode. When you remove the reader from the stand it operates in its normal hand-held mode.

1. Two screw-mount holes For Screw Mount, follow the steps below:

1. Position the assembled base on a flat surface.

2. Screw one #10 wood screw into each screw-mount hole 
until the base of the stand is secure

2. Double-side tap areas 
(3 places, dimensions: 1”×2”)

For Tape Mount, follow the steps below:

1. Peel the paper liner off one side of each piece of tape 
and place the sticky surface over each of the three 
rectangular tape holders.

2. Peel the paper liner off the exposed sides of each piece 
of tape and press the stand on a flat surface until it is 
secure.
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A.2 2D Barcode Reader (Take DS4608 as an example)

SYMBOL DS4608 is classified as “EXEMPT RISK GROUP” according to IEC 62471:2006 and EN 
62471:2008.

 WARNING

DO NOT stare into beam emitted by SYMBOL DS4608 for more than 10 s.

The 2-D barcode reader supports hand-held operation mode.

Hand-held mode: press the trigger to decode.

A.2.1 Overview

1. LED • Green: A barcode was successfully decoded.
• Red: A data transmission error or reader malfunction occurred.

2. Scan window Scan the barcode.

3. Trigger Press to decode.
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A.2.2 Setting Up the Digital Imager Reader

Installing the Interface Cable

Perform the following procedure:

1. Plug the interface cable modular connector into the cable interface port on the bottom of the reader 
handle and ensure the connector is properly secure.

2. Connect the other end of the interface cable to the host.

Removing the Interface Cable

Perform the following procedure:

1. Using the tip of a screwdriver or some other tools with a sharp head, depress the cable’s modular 
connector clip.

2. Carefully slide out the cable.
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A.2.3 Setting

The reader has factory settings, refer to the following table for parameter defaults:

Parameter Defaults Parameter Defaults

1-D Symbologies Interleaved 2 of 5 (ITF)

UPC/EAN Interleaved 2 of 5 (ITF) Enable Enable

UPC-A Enable Set Lengths for I 2 of 5 14

UPC-E Enable I 2 of 5 Check Digit Verification Disable

UPC-E1 Disable Transmit I 2 of 5 Check Digit Disable

EAN-8/JAN 8 Enable Convert I 2 of 5 to EAN 13 Disable

EAN-13/JAN 13 Enable Codabar (NW - 7)

Bookland EAN Disable Codabar Enable

Decode UPC/EAN/JAN 
Supplementals (2and 5 digits)

Ignore Set Lengths for Codabar 5 to 55

UPC/EAN/JAN Supplemental 
Redundancy

10 CLSI Editing Disable

Transmit UPC-A Check Digit Enable NOTIS Editing Disable

Transmit UPC-E Check Digit Enable

Transmit UPC-E1 Check Digit Enable 2-D Symbologies

UPC-A Preamble System Character PDF417 Enable

UPC-E Preamble System Character MicroPDF417 Disable

UPC-E1 Preamble System Character Code 128 Emulation Disable

Convert UPC-E to A Disable Data Matrix Enable

Convert UPC-E1 to A Disable Maxicode Enable

EAN-8/JAN-8 Extend Disable QR Code Enable

UCC Coupon Extended Code Disable

Code 128

Code 128 Enable

UCC/EAN-128 Enable

ISBT 128 Enable

Code 39

Code 39 Enable

Trioptic Code 39 Disable

Convert Code 39 to Code 32 
(Italian Pharmacy Code)

Disable

Code 32 Prefix Disable

Set Length(s) for Code 39 2 to 55
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The reader supports some user-defined functions as introduced below.

For more details, please contact the SYMBOL reader agents, or the Customer Service Department or 
your local distributor.

Volume setting

Scan the following barcode to set the volume parameter.

• Low Volume

• Medium Volume

• High Volume

Code 93 and codabar setting
• To enable Code 93, scan the appropriate barcode below.

Code 39 Check Digit 
Verification

Disable

Transmit Code 39 Check Digit Disable

Code 39 Full ASCII 
Conversion

Disable

Buffer Code 39 Disable

Code 93

Code 93 Enable

Set Length(s) for Code 93 4 to 55

Parameter Defaults Parameter Defaults

Low Volume

(2)

Medium Volume

(1)

*High Volume

(0)
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• To enable Codabar, scan the appropriate barcode below

Code 39 full ASCII setting

Code 39 Full ASCII is a variant of Code 39 which pairs characters to encode the full ASCII character 
set. To enable or disable Code 39 Full ASCII, scan the appropriate barcode below.

     

I 2 of 5 symbols setting

Select this option to decode only I 2 of 5 symbols containing a selected length. Select the length using 
the numeric barcodes below. For example, to decode only I 2 of 5 symbols with 8 characters, scan I 2 
of 5 - One Discrete Length, then scan 0 followed by 8.

                      

                      

*Enable Code 93

(1)

*Enable Codabar

(1)

Enable Code 39 Full ASCII

(1)

*Disable Code 39 Full ASCII

(0)

I 2 of 5 - One Discrete Length
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A.2.4 Scanning in Hand-Held Mode

Perform the following procedure:

1. Ensure all connections are secure (see the appropriate host chapter.)

2. Aim the digital imager reader at the barcode.

3. When the digital imager reader senses movement, in its default Auto Aim trigger mode, it projects 
a red LED dot which allows positioning the barcode within the field of view. 

If necessary, the digital imager reader turns on its red LEDs to illuminate the target barcode.
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4. Center the symbol. Be sure the entire symbol is within the rectangular area formed by the 
illumination LEDs.

5. Hold the trigger until the digital imager reader beeps, indicating the barcode is successfully 
decoded. 

Steps 2 - 4 above may be required to repeat on poor quality or difficult barcodes.

The aiming pattern is smaller when the digital imager reader is closer to the symbol and larger 
when it is farther from the symbol. Scan symbols with smaller bars or elements (mil size) closer to 
the digital imager reader, and those with larger bars or elements (mil size) farther from the digital 
imager reader.

The digital imager reader can also read a barcode presented within the aiming dot not centered. 
The top examples in show acceptable aiming options, while the bottom examples cannot be 
decoded.

A.3 Maintenance

Cleaning the exit window is the only maintenance required. A dirty window can affect scanning 
accuracy.

• Do not allow any abrasive material to touch the window.

• Remove any dirt particles with a damp cloth.

• Wipe the window using a tissue moistened with ammonia/water.

• Do not spray water or other cleaning liquids directly into the window.

1D bar code 2D bar codeSymbol

Aiming Dot
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B Ultrasound Gel Heater

Ultrasound gel heater is a system option used for heating the ultrasound gel.

B.1 Structure

No. Name Description

1. Ultrasound gel box Used for placing the gel.

2. Indicator • The indicator is off when switching off the heater.
• Set the heater temperature to low; 1 indicator on the right 

becomes white.
• Set the heater temperature to med; 2 indicators on the right 

become white.
• Set the heater temperature to high; 3 indicators on the right 

become white.

3. Warming control 
switch

Open the switch to get gel heater worked. Set the temperature of 
the heater.

4. Power supply indicator The power supply indicator becomes green after the power supply 
accessing.

5. Bottom cover /

6. Power supply cable Connect to the power socket under the control panel.

1

2

3

64

5
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B.2 Specifications

B.2.1 Power supply
• Voltage: 10-20V (±5%)

• Power consumption: 12W±10%W

B.2.2 Environmental conditions
• Operating conditions

– Ambient temperature: 0°C~40°C

– Relative humidity: 20%~85% (no condensation)

– Atmospheric pressure: 700hPa~1060hPa

• Storage and transportation conditions

– Ambient temperature: -20°C~55°C

– Relative humidity: 20%~95% (no condensation)

– Atmospheric pressure: 700hPa~1060hPa

B.3 Function and Requirement

The gel heater can make the gel reach 40°C. There are four levels for the temperature: 34°C, 37°C, 
40°C and off.

When the gel is placed inside the heater, the time it takes to heat from an ambient temperature of 18°C 
to the desired temperature should be no more than 0.5 hours.

The ultrasound gel heater can work continuously over 12 hours.

NOTE:
• When the ambient temperature is higher than the required temperature of the heater, the heater 

does not function.

• The heater can only heat one bottle of gel at a time.
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B.4 Install the Heater

Perform the following procedure:

1. Push the gel heater into the gel heater bracket as shown in the figure.

2. Plug the gel heater into the slot lying beneath the control panel.

3. Put the gel inside the heater, and press the power button of the gel heater.

B.5 Cleaning

NOTE:
• Do not use the organic solvent to clean the gel heater if any water is sprayed on or into the system. 

Reuse it until the appearance becomes dry.

• Do not use the acetone. Do not use sharp-edged material (like steel wool) to clean the gel heater.

• Clean the box of the gel heater regularly. Reinstall it to the bottom of the gel heater after it 
becomes dry.

Perform the following procedure:

1. Unplug the gel heater and remove it from the gel heater bracket.

2. Press the pads on the bottom cover to remove the bottom cover, and then remove the box of the gel 
heater.
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3. Use mild soap-suds or the water to clean the heater appearance and the cable. 

4. Clean the bottom cover and the box of the gel heater.

5. Reinstall the box of the gel heater to the bottom after it becomes dry.

6. Reinstall the bottom cover.
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C Wireless LAN

The system provides wireless net adapter configuration, so as to assist information query and unlimited 
network service.

 WARNING

• Use the wireless LAN function prudently as it may interfere with other devices.
• When the wireless LAN function is turned on, the ultrasound system may suffer interference 

from other equipment, even if that other equipment complies with CISPR EMISSION 
requirements.

• Keep at least 20 cm away from the ultrasound system when the wireless LAN function is in 
use.

NOTE:

Disconnection may be caused if the devices connected excess the router capacity (please refer to 
settings of the router, generally it should be ≤5.)

DO NOT connect devices other than specified into the LAN.

Medical devices within the same LAN may interfere with each other, the operator should be cautious. 
(Do not connect devices that may cause strong interference. For example, life-supporting devices 
should not be connected in the same LAN.)

Other non-medical devices in the same frequency band may cause interference, please be cautious.

For a better wireless LAN transmission effect, please take the following settings:

• SSID > 80% with stable WLAN network.

• Wireless router and the server are in the same network segment.

• Router setting:

– Wireless standard IEEE 802.11 ac/a/b/g/n.

– Maximum transmission speed 300 Mbps.

– Number of the devices connected to the same router ≤5.

• Target server setting:

– Network is stable and not under overloading state (e.g. high CPU/memory usage, fast HDD 
speed, limited HDD space).
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– Level other than the highest level of firewall is adopted.

C.1 Use the Wireless Feature

Perform the following procedure:

1. Select the Cursor button to show the cursor, click  in the bottom bar to open the wireless 
network manager.

2. Move the cursor to the target network and press the confirm button to select it, then click 
[Connect] to connect to the network.

3. When connecting an encrypted network, enter the password in the box first. You can select to hide 
password characters or not.

4. The system tries to connect and the wireless manager icon turns into . The icon turns into 
 or after successful connection.

5. Click [Refresh] to refresh the “Wireless Network Connection” list. 

C.2 IP Configure

NOTE:
• When the system background is processing network task (DICOM sending for example), please 

do not enter network setting to change the IP, otherwise the background task may fail. You can 
check if there are tasks undergoing in the task manager.

• If the IP address displays as 0.0.0.0, this means that the network is abnormal. The reason for the 
failure may be disconnection or the system cannot obtain the IP address.

IP config is used for setting local network parameters, which is also applied to DICOM connection.

Perform the following procedure:

1. In Wireless network manager screen, click [IP Config] to open the configuration page.

– If “DHCP” is selected, the IP address will be automatically obtained from the DNS server.

– If “Static” is selected (using a static IP address), enter the IP address.

IP address of the system should be in the same network segment with the server.

2. Click [OK] to save current setting. Click [Cancel] to exit.

C.3 EAP Network

For setting EAP network, contact the Customer Service Department or your local distributor.



D  iScanHelper

Operator’s Manual D - 1

D iScanHelper

By providing the referential information, such as, the ultrasonic image, the anatomic graphic, scanning 
pictures/other scanning tips or diagnosis comments, the system helps the doctors to operate the 
scanning by iScanHelper. Furthermore, it is a good platform for the self-learning and training of 
ultrasound scanning technique for doctors. The system also plays a role in the assistant software 
system in fulfilling training and education. 

NOTE:

THIS “iScanHelper” IS FOR REFERENCE OR TUTORIAL PURPOSES ONLY, AND THE 
MANUFACTURER WILL NOT BE LIABLE FOR DAMAGES AND/OR OTHER UNDESIRABLE 
CONSEQUENCE IN ANY KIND THAT MAY OCCUR TO THE ANIMAL OR THE USERS BY 
USING THE SOFTWARE.

D.1 Basic Screen and Operation

Tap [iScanHelper] on the touch screen, or select <iHelper> button and then tap [iScanHelper] to enter 
iScanHelper status.
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D.2 Use iScanHelper for Reference

Perform the following procedure:

1. Perform ordinary scanning procedure.

2. Tap [iScanHelper] on the touch screen to enter iScanHelper status.

3. Select the desired section.

1. Ultrasonic image It is used to compare with images scanned by the operator.

2. Imaging mode buttons Switch the imaging mode for the ultrasonic image of iScanHelper.

3. Anatomic graphic Related anatomical tissue information are provided here.

4. Scanning tips You can read tissue related anatomical information and adjacent tissue 
information here.

5. Button • : After clicking the button, the system reads scanning tips.
• : After clicking the button, you can adjust reading volume or put 

it on silent.
•  : After clicking the button, the standard ultrasound images will 

be synchronized to the main screen and zoomed in.
•  : After clicking the button, iScanHelper information will be 

synchronized to the left side of the main screen.

6. Scanning picture Ordinary scanning tips can be observed here, including posture, probe 
mark, probe swing/sweep techniques. 

1

6 5

2 3 4

Ref L
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4. Perform scanning according to information displayed on the help information area.

Tap  to back to the section selection interface.

You can synchronize the help information to the main screen or read the scanning skills as needed. 
see “D.1 Basic Screen and Operation” for more details.

5. Tap  to exit iScanHelper.

D.3 Use iScanHelper for Learning or Training

Perform the following procedure:

1. Switch to the exam modes that support iScanHelper.

2. Tap [iScanHelper] on the touch screen to enter iScanHelper status.

3. Learn and practice views by system defaulted sequence according to the information displayed on 
help information area; or select unfamiliar views to practice. 

Tap  to back to the section selection interface.

You can synchronize the help information to the main screen or read the scanning skills as needed. 
see “D.1 Basic Screen and Operation” for more details.

4. Tap  to exit iScanHelper.
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E iVision

The iVision function is used to demonstrate the stored images. Image files are played one by one 
according to file names (including system-relevant and PC-compatible format images).

Perform the following procedure:

1. Select the user-defined button for “iVision” to enter the iVision screen.

2. Add the contents to be played and select demo mode.

3. Select an item in the list and then select [Play] to begin the demonstration.

4. Select [Exit] to exit iVision status.

E.1 Demonstration item

Demonstration items are image files in formats supported by the system. You can add exam data from 
the animal database or system-supported image files and folders to the demonstration list. For files and 
folders in the demonstration list, the images in the directory and subdirectory are played one by one, 
and the system will automatically skip files that cannot be opened.

E.2 Demonstration catalog

There are two kinds of catalog: Demo Catalog and Customize Catalog.

E.2.1 Demo Catalog

The demo catalog is a folder on the hard disk where the factory DEMO is stored. The system plays the 
images in this folder when performing demonstrations.

The system supports importing, deleting or clearing the data in the demo catalog.

Select image files from the “Available Items” column, and use [>]/[>>] to import data into the demo 
catalog.

E.2.2 Customize Catalog

The catalog of the displayed images is saved here. The system plays the images in the catalog when 
performing demonstrations.
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Operate the catalog or the files using the buttons on the right:

• [Customized Playing Set]: to add a catalog of files to the list.

• [Delete]: to delete selected files or catalogs from the file list.

• [Export]: to export selected directories/files to external storage devices. Click [Export] to bring up 
the Browse dialog box, select the path and click [OK].

E.3 Demonstration mode

The system automatically plays all the image files in the list one by one.

The time interval between images played is same and can be changed.

E.4 Option of Demo

You can choose whether to repeat the demonstration or exit after a demonstration is completed.
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F List of Vocal Commands

The ultrasound system can automatically recognize some vocal commands. You can use a microphone 
device to input the vocal commands as shown in the following table. After the input command is 
recognized, the system automatically performs the corresponding operations.

Vocal command Operation

Hello Mindray Turn On Audio Control 

Turn Off Turn Off Audio Control 

B Mode Back to B Mode

CDI Mode Turn on/off CDI Mode

Power Mode Turn on/off Power Mode

M Mode Turn on/off M Mode

PW Mode Turn on/off PW Mode

3D Turn on/off 3D Mode

Freeze Freeze Image

UnFreeze UnFreeze Image

Clear Clear

Dual Enter Dual Windows Format

Quad Enter Quad Windows Format

QSave QSave

Update Update

Full Image Turn on/off Full Image Mode

Middle Line Display/Hide Middle Line

iNeedle Turn on/off iNeedle Mode

iTouch Turn on iTouch Mode

Depth Increase Depth Increase One

Depth Decrease Depth Decrease One

Gain Increase Gain Increase One

Gain Decrease Gain Decrease One

Gain Auto Increase Gain Auto Increase
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Gain Auto Decrease Gain Auto Decrease

Gain Stop Gain Stop Auto Increase/Decrease

Zoom In Zoom In Image

Zoom Out Zoom Out Image

Open Smart Track Turn on Smart Track Mode

Close Smart Track Turn off Smart Track Mode

Sound Volume Up Turn Sound Volume Up

Sound Volume Down Turn Sound Volume Down

Angle More Angle More One

Angle Less Angle Less One

Left Steer Left Steer the Color ROI or Linear Image

Right Steer Right Steer the Color ROI or Linear Image

BaseLine Down Decrease the Baseline Position

BaseLine Up Increase the Baseline Position

Save Image Save Image

Save Clip Save Clip

Save Screen Save Screen

Open Patient Info Dialog Open Animal Info Dialog

Close Patient Info Dialog Close Animal Info Dialog

Open Probe Dialog Open Probe Dialog

Close Probe Dialog Close Probe Dialog

Open Review Dialog Open Review Dialog

Close Review Dialog Close Review Dialog

Open Report Dialog Open Report Dialog

Close Report Dialog Close Report Dialog

Open Preset Dialog Open Preset Dialog

Close Preset Dialog Close Preset Dialog

Vocal command Operation
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G Measurement References

G.1 Abbreviations for the Measurements

G.1.1 Abdomen Measurements

2D Mode

Abbreviation Description

Renal L Renal Length

Renal H Renal Height

Renal W Renal Width

Cortex Renal Cortical Thickness

Adrenal L Adrenal Length

Adrenal H Adrenal Height

Adrenal W Adrenal Width

CBD Common bile duct

Portal V Diam Portal Vein Diameter

CHD Common hepatic duct

GB L Gallbladder Length

GB H Gallbladder Height

GB wall th. Gallbladder wall thickness

Panc. duct Pancreatic duct

Panc. head Pancreatic head

Panc. body Pancreatic body

Panc. tail Pancreatic tail

Spleen L Spleen Length

Spleen W Spleen Width

Spleen H Spleen Height

Spleen V Diam Spleen vein Diam
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Doppler Mode

Spleen A Diam Spleen artery Diam

Aorta Diam. H Aorta Diameter Height

Aorta Diam. W Aorta Diameter Width

Aorta Aneurysm H Aorta Aneurysm Height

Aorta Aneurysm W Aorta Aneurysm Width

Aorta Aneurysm L Aorta Aneurysm Length

Aorta Bif. Aorta Bifurcation

Iliac Diam. Iliac Diameter

Pre-BL L Pre-void Bladder Length

Pre-BL H Pre-void Bladder Height

Pre-BL W Pre-void Bladder Width

Post-BL L Post-void Bladder Length

Post-BL H Post-void Bladder Height

Post-BL W Post-void Bladder Width

Hepatic Lesion1~3 Elas. Hepatic Lesion1~3 Elastography

LSM Liver Stiffness Measurement

Renal Vol. Renal Volume

Pre-BL Vol. Pre-void Bladder Volume

Post-BL Vol. Post-void Bladder Volume

Mictur. Vol. Micturated Volume

Abbreviation Description

Abbreviation Description

Ren. A Org. Renal Artery Origin

Arcuate A Arcuate Artery

Segment A Segmental Artery

Interlobar A Interlobar Artery

Renal A Renal Artery

M Renal A Main Renal Artery

Renal V Renal Vein

CrMA Cranial Mesenteric Artery

CaMA Caudal Mesenteric Artery

C Hepatic A Common Hepatic Artery

Hepatic A Hepatic Artery
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G.1.2 Reproduction Measurements

G.1.3 Cardiology Measurements

2D Mode

Splenic A Splenic Artery

CaVC Caudal Vena Cava

CaVC Reflux Caudal Vena Cava Reflux

Portal V Portal Vein

M Portal V Main Portal Vein

Hepatic V Hepatic Vein

Lt Hepatic V Left Hepatic Vein

Rt Hepatic V Right Hepatic Vein

M Hepatic V Middle Hepatic Vein

Splenic V Splenic Vein

CrMV Cranial Mesenteric Vein

CaMV Caudal Mesenteric Artery

SMA/Ao Ratio of Superior Mesenteric Artery PS and Abdominal Aorta PS

Abbreviation Description

Abbreviation Description

CRL Crown Rump Length

GS Gestational Sac Diameter

HD Head Diameter

BD Body Cavity Diameter

GS-H Gestational Sac Diameter Horizontal

GS-V Gestational Sac Diameter Vertical

CRL Crown Rump Length

TD Trunk Diameter

BPD Biparietal Diameter

VL Vitreous Body Length

Abbreviation Description

LA Diam Left Atrium Diameter

LA Major Left Atrium Major Diameter
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LA Minor Left Atrium Minor Diameter

RA Major Right Atrium Major Diameter

RA Minor Right Atrium Minor Diameter

LV Major Left Ventricular Major Diameter

LV Minor Left Ventricular Minor Diameter

RV Major Right Ventricular Major Diameter

RV Minor Right Ventricular Minor Diameter

LA Area Left Atrium Area

RA Area Right Atrium area

LV Area(d) Left Ventricular area at end-diastole*1

LV Area(s) Left Ventricular area at end-systole*1

RV Area(d) Right Ventricular area at end-diastole*2

RV Area(s) Right Ventricular area at end-systole*2

LVAd sax MV Left Ventricular Area at Mitral Valve level at End-diastole in Short-axis 
view

LVAs sax MV Left Ventricular Area at Mitral Valve level at End-systole in Short-axis 
view

LVAd apical Left Ventricular Long-axis Area at End-diastole in apical view 

LVAs apical Left Ventricular Long-axis Area at end-systole in apical view 

LVAd sax Epi Left Ventricular Epicardial Area at Papillary Muscle level at end-diastole 
in Short-axis view

LVAd sax Endo Left Ventricular Endocardial Area at Papillary Muscle level at end-
diastole in Short-axis view

LVIDd Left Ventricular Internal Diameter at end-diastole*3

LVPWd Left Ventricular Posterior wall thickness at end-diastole*3

LVIDs Left Ventricular Internal Diameter at end-systole

RVDd Right Ventricular Diameter at end-diastole

RVDs Right Ventricular Diameter at end-systole

LVPWs Left Ventricular Posterior wall thickness at end-systole

RVAWd Right Ventricular Anterior wall thickness at end-diastole

RVAWs Right Ventricular Anterior wall thickness at end-systole

IVSd Interventricular Septal Thickness at end-diastole

IVSs Interventricular Septal Thickness at end-systole

LVLd apical Left Ventricular Long-axis Length at End-diastole in apical view

LVLs apical Left Ventricular Long-axis Length at End-systole in apical view

Ao Diam Aorta Diameter

Abbreviation Description
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Ao Arch Diam Aorta Arch Diameter

Ao Asc Diam Ascending Aorta Diameter

Ao Desc Diam Descending Aorta Diameter

Ao Isthmus Aorta Isthmus Diameter

Ao st junct Aorta ST Junction Diameter

Ao Sinus Diam Aorta Sinus Diameter

Duct Art Diam Ductus Arteriosus Diameter

Pre Ductal Previous Ductal Diameter

Post Ductal Posterior Ductal Diameter

ACS Aortic Valve Cusp Separation

LVOT Diam Left Ventricular Outflow Tract Diameter

AV Diam Aorta Valve Diameter

AVA Aortic Valve Area

PV Diam Pulmonary Valve Diameter

LPA Diam Left Pulmonary Artery Diameter

RPA Diam Right Pulmonary Artery Diameter

MPA Diam Main Pulmonary Artery Diameter

RVOT Diam Right Ventricular Outflow Tract Diameter

MV Diam Mitral Valve diameter

MVA Mitral Valve Area

MCS Mitral Valve Cusp Separation

MV EPSS Distance between point E and Interventricular Septum when mitral valve 
is fully open

TV Diam Tricuspid Valve Diameter

TVA Tricuspid Valve Area

CaVC Diam(Insp) Caudal Vena Cava Inspiration Diameter

CaVC Diam(Expir) Caudal Vena Cava Expiration Diameter

CrVC Diam(Insp) Cranial Vena Cava Inspiration Diameter

CrVC Diam(Expir) Cranial Vena Cava Expiration Diameter

LCA Diam Left Coronary Artery

RCA Diam Right Coronary Artery

VSD Diam Ventricular Septal Defect Diameter

ASD Diam Atrial Septal Defect Diameter

PDA Diam Patent Ductus Arteriosus Diameter

PFO Diam Patent Oval Foramen Diameter

Abbreviation Description
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*1 means: The system automatic calculates FAC value. 

FAC=((LV Area(d)- LV Area(s))/ LV Area(d))*100%

*2 means: The system automatic calculates RV FAC value. 

RV FAC=((RV Area(d)- RV Area(s))/ RV Area(d))*100%

*3 means: The system automatic calculates RWT value.

RWT=(LVPWd(cm)×2)/LVIDd(cm)

M Mode

PEd Pericardial Effusion at diastole

PEs Pericardial Effusion at systole

HR Heart Rate

Diastole End-diastolic Left Ventricular Measurement

Systole End-systolic Left Ventricular Measurement

RA Vol(A4C) Right Atrium Volume (4-chamber)

AutoEF Automatic measuring of the diastolic and systolic sectional planes

RAP Right Atrium Pressure

LA/Ao Left Atrium Diameter/Aorta Diameter

MPA/Ao Main Pulmonary Artery Diameter/Aorta Diameter

MV T Mitral Valve Thickness

RPADd Right pulmonary artery diameter (diastolic)

RPADs Right pulmonary artery diameter (systolic)

LV SI Left Ventricular Sphericity Index

SI = L/D = LV Length/LVIDd = LVLd apical/LVIDd

RAA Index Right Atrial Area Index

RAA Index = RAA / BSA = RA Area / (0.101*W2/3)

Abbreviation Description

Abbreviation Description

LA Diam. Left Atrium Diameter

LVIDd Left Ventricular Internal Diameter at end-diastole 

LVPWd Left Ventricular Posterior wall thickness at end-diastole

LVIDs Left Ventricular Internal Diameter at end-systole

RVDd Right Ventricular Diameter at end-diastole

RVDs Right Ventricular Diameter at end-systole
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LVPWs Left Ventricular Posterior wall thickness at end-systole

RVAWd Right Ventricular Anterior wall thickness at end-diastole

RVAWs Right Ventricular Anterior wall thickness at end-systole

IVSd Interventricular Septal Thickness at end-diastole

IVSs Interventricular Septal Thickness at end-systole

Ao. Diam. Aorta Diameter

Ao. Arch Di-am. Aorta Arch Diameter

Ao. Asc. Di-am. Ascending Aorta Diameter

Ao. Desc. Diam. Descending Aorta Diameter

Ao. Isthmus Aorta Isthmus Diameter

Ao. ST Junct. Aorta ST Junction Diameter

Ao. Sinus Diam. Aorta Sinus Diameter

LVOT Diam. Left Ventricular Outflow Tract Diameter

ACS Aortic Valve Cusp Separation

LPA Diam. Left Pulmonary Artery Diam-eter

RPA Diam. Right Pulmonary Artery Diameter

MPA Diam. Main Pulmonary Artery Diameter

RVOT Diam. Right Ventricular Outflow Tract Diameter

MV E Amp. Amplitude of the Mitral Valve E wave

MV A Amp. Amplitude of the Mitral Valve A wave

MV E-F Slope Mitral Valve E-F slope 

MV D-E Slope Mitral Valve D-E slope

MV D-E Amp Amplitude of the Mitral Valve DE wave

MCS Mitral Valve Cusp Separation

MV EPSS Distance between point E and the interventricular septum

PEd Pericardial Effusion at dias-tole

PEs Pericardial Effusion at systole

LVPEP Left Ventricular pre-ejection period

LVET Left Ventricular Ejection Time

RVPEP Right Ventricular Pre-Ejection Period

RVET Right Ventricular Ejection Time

HR Heart Rate

Diastole End-diastolic Left Ventricular Measurement

Systole End-systolic Left Ventricular Measurement

MAPSE Mitral Annular Plane Systolic Excursion

Abbreviation Description
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Doppler Mode

TAPSE Tricuspid Annular Plane Systolic Excursion

MV ALL M wave measurement of mitral valve anterior leaflet

LA/Ao Left Atrium Diameter/Aorta Diameter

LVPEP/LVET Left Ventricular pre-ejection period/Left Ventricular Ejection Time

Vp color M-mode flow propagation velocity

Abbreviation Description

Abbreviation Description

MV Vmax Mitral Valve Maximum Velocity

MV E Vel. Mitral Valve E-wave Velocity

MV A Vel. Mitral Valve A-wave Velocity

MV E VTI Mitral Valve E-wave Velocity-Time Integral

MV A VTI Mitral Valve A-wave Velocity-Time Integral

MV VTI Mitral Valve Velocity-Time Integral

MV AccT Mitral Valve Acceleration Time

MV DecT Mitral Valve Deceleration Time

IVRT Mitral Valve Isovolumic Relaxation Time

IVCT Mitral Valve Isovolumic Con-traction Time

MV E Dur. Mitral Valve E-wave Duration

MV A Dur. Mitral Valve A-wave Duration

LVOT Vmax Left Ventricular Outflow Tract Maximum Velocity

LVOT VTI Left Ventricular Outflow Tract Velocity-Time Integral

LVOT AccT Left Ventricular Outflow Tract Acceleration Time

AAo Vmax Ascending Aorta Maximum Velocity

DAo Vmax Descending Aorta Maximum Velocity

AV Vmax Aorta Valve Maximum Velocity

AV VTI Aorta Valve Velocity-Time Integral

LVPEP(Doppler) Left Ventricular Pre-Ejection Period

LVET(Doppler) Left Ventricular Ejection Time

AV AccT Aorta Valve Acceleration Time

AV DecT Aorta Valve Deceleration Time

RVET(Doppler) Right Ventricular Ejection Time

RVPEP(Doppler) Right Ventricular Pre-Ejection Period

TV Vmax Tricuspid Valve Maximum Velocity
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TV E Vel. Tricuspid Valve E-wave Flow Velocity

TV A Vel. Tricuspid Valve A-wave Flow Velocity

TV VTI Tricuspid Valve Velocity-Time Integral

TV AccT Tricuspid Valve Acceleration Time

TV DecT Tricuspid Valve Deceleration Time

TV A Dur. Tricuspid Valve A-wave Duration

RVOT Vmax Right Ventricular Outflow Tract Maximum Velocity

RVOT VTI Right Ventricular Outflow Tract Velocity-Time Integral

PV Vmax Pulmonary Valve Maximum Velocity

PV VTI Pulmonary Valve Velocity-Time Integral

PV AccT Pulmonary Valve Acceleration Time

PR DecT Pulmonary Artery Regurgatation Deceleration Time

MPA Vmax Main Pulmonary Artery Maximum Velocity

RPA Vmax Right Pulmonary Artery Maximum Velocity

LPA Vmax Left Pulmonary Artery Maximum Velocity

PVein S Vel. Pulmonary Vein S-wave Flow Velocity

PVein D Vel. Pulmonary Vein D-wave Flow Velocity

PVein A Vel. Pulmonary Vein A-wave Flow Velocity

PVein A Dur. Pulmonary Vein A-wave Duration

PVein S VTI Pulmonary Vein S-wave Velocity-time Integral 

PVein D VTI Pulmonary Vein D-wave Velocity-time Integral

PVein DecT Pulmonary Vein Deceleration Time

CaVC Vel. (Insp.) Caudal Vena Cava Inspiration Maximum Velocity

CaVC Vel. (Expir.) Caudal Vena Cava Expiration Maximum Velocity

CrVC Vel. (Insp.) Cranial Vena Cava Inspiration Maximum Velocity

CrVC Vel. (Expir.) Cranial Vena Cava Expiration Maximum Velocity

MR Vmax Mitral Valve Regurgitation Maximum Velocity

MR VTI Mitral Valve Regurgitation Velocity-Time Integral

MS Vmax Mitral Valve Stenosis Maximum Velocity

dP/dt Rate of Pressure change 

AR Vmax Aortic Valve Regurgitation Maximum Velocity

AR VTI Aortic Valve Regurgitation Velocity-Time Integral

AR DecT Aortic Valve Regurgitation Deceleration Time

AR PHT Aortic Valve Regurgitation Pressure Half Time

AR Ved Aortic Valve Regurgitation Velocity at end-Diastole

Abbreviation Description
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TDI Mode

TR Vmax Tricuspid Valve Regurgitation Maximum Velocity

TR VTI Tricuspid Valve Regurgitation Velocity-Time Integral

PR Vmax Pulmonary Valve Regurgitation Maximum Velocity

PR VTI Pulmonary Valve Regurgitation Velocity-Time Integral

PR PHT Pulmonary Valve Regurgitation Pressure Half Time

PR Ved Pulmonary Valve Regurgitation Velocity at end-Diastole

VSD Vmax Ventricular Septal Defect Maximum Velocity

ASD Vmax Atrial Septal Defect Maximum Velocity

PDA Vel(d) Patent Ductus Arteriosus Velocity at End-diastole

PDA Vel(s) Patent Ductus Arteriosus Velocity at End-systole

Coarc. Pre-Duct. Coarctation of Pre-Ductus

Coarc. Post-Duct. Coarctation of Post-Ductus

AV/TV/MV/PV HR Heart Rate

RAP Right Atrium Pressure

Hepatic V S Vel. Hepatic Vein Systolic Peak Velocity

Hepatic V D Vel. Hepatic Vein Diastolic Peak Velocity

MV E/A Mitral Valve E-Vel./A-Vel.

MVA(PHT) Mitral Valve Orifice Area (PHT)

MVA(PHT) (cm2) = 220 / MV PHT (ms)

TV E/A Tricuspid Valve E-Vel./A-Vel.

TV E/A=TV E Vel(cm/s)/TV A Vel(cm/s)

TVA(PHT) Tricuspid Valve Orifice Area (PHT)

TVA(PHT)=220/TV PHT(cm2)

A/Ar MV A Dur / PVein A Dur

Abbreviation Description

Abbreviation Description

MV A’(medial) Mitral Valve medial Late diastolic motion

MV S’(medial) Mitral Valve medial Systolic motion

MV A’(lateral) Mitral Valve lateral Late diastolic motion

MV S’(lateral) Mitral Valve lateral Systolic motion

MV ARa(medial) Mitral Valve medial AcceleRation Rate

MV DRa(medial) Mitral Valve medial DeceleRation Rate

MV ARa(lateral) Mitral Valve lateral AcceleRation Rate
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• *1 means: 

• *2 means:

MV DRa(lateral) Mitral Valve lateral DeceleRation Rate

MV E’(lateral) Mitral Valve lateral Early diastolic motion

MV E’(medial) Mitral Valve medial Early diastolic motion*1

MV S’(medial) Mitral Valve medial Systolic motion

MV E’(medial) Mitral Valve medial Early diastolic motion

MV A’(medial) Mitral Valve medial Late diastolic motion

MV ARa(medial) Mitral Valve medial Acceleration Rate

MV DRa(medial) Mitral Valve medial Deceleration Rate

MV S’(lateral) Mitral Valve lateral Systolic motion

MV E’(lateral) Mitral Valve lateral Early diastolic motion*2

MV A’(lateral) Mitral Valve lateral Late diastolic motion

MV ARa(lateral) Mitral Valve lateral Acceleration Rate

MV DRa(lateral) Mitral Valve lateral Deceleration Rate

MV E’/A’(medial) MV medial E-Vel./A-Vel.*3

ATa(medial) MV medial E-wave Acceleration Time

DTa(medial) MV medial E-wave Deceleration Time

MV E’/A’(lateral) MV lateral E-Vel./A-Vel.*4

MV E/E’(medial) Used to estimate the diastolic function of left ventricular*5

MV E/E’(lateral) Used to estimate the diastolic function of left ventricular*6

MV E/E’(medial+lateral) Used to estimate the diastolic function of left ventricular*7

ATa(lateral) MV lateral E-wave Acceleration Time

DTa(lateral) MV lateral E-wave Deceleration Time

TV a’(lateral) Tricuspid Valve lateral Late diastolic motion

TV a’(medial) Tricuspid Valve medial Late diastolic motion

TV e’(lateral) Tricuspid Valve lateral Early diastolic motion*2

TV e’(medial) Tricuspid Valve medial Early diastolic motion

TV s’(lateral) Tricuspid Valve lateral Systolic motion

TV s’(medial) Tricuspid Valve medial Systolic motion

Abbreviation Description

)/)((

)/(Vel E MV
))((/

scmlateralE’
scmNounitlateralE’E
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• *3 means:

• *4 means:

• *5 means:

• *6 means:

• *7 means:

MV ALL 
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))((/

scmlateralE’scmmedialE’
scmNounitlateralmedialE’E
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Abbreviation Description

MV D Point End of systolic, immediately before the opening of the Mitral Valve.

MV E Point The anterior leaflet of the mitral valve opens, it peaks at E.

MV F Point Lowest point of the initial diastolic closing.

MV A Point In atria systole, blood is propelled through the mitral orifice and the 
mitral leaflets reopen. The peak of this phase of mitral valve motion is 
indicated as A.

MV C Point Complete closure occurs after the onset of the ventricular systole.

MV E Amp Amplitude of the Mitral Valve E wave to C point

MV D-E Amp Distance between the onset of the opening of the mitral valve at D and 
the maximum opening of the anterior mitral valve leaflet at E.

MV D-E Slope The rate of change that exists between two point (D, E).

MV E-F Slope The rate of change that exists between two point (E, F).

MV A Amp Amplitude of the Mitral Valve A wave to C point
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AutoEF 

 Study Tools of Left Ventricular Function

MV A-C Interval The time interval between the A point and the C point.

Abbreviation Description

Abbreviation Description

LVLd (A2C) Left ventricular long-axis length at end diastole (A2C)

LVAd (A2C) Left ventricular long-axis area at end diastole (A2C)

LVLs (A2C) Left ventricular long-axis length at end systole (A2C)

LVAs (A2C) Left ventricular long-axis area at end systole (A2C)

LVLd (A4C) Left ventricular long-axis length at end diastole (A4C)

LVAd (A4C) Left ventricular long-axis area at end diastole (A4C)

LVLs (A4C) Left ventricular long-axis length at end systole (A4C)

LVAs (A4C) Left ventricular long-axis area at end systole (A4C)

EDV (A2C/A4C/BP) End-diastolic Left Ventricular Volume

EDV Index (A2C/A4C/
BP)

End-diastolic Left Ventricular Volume Index

ESV (A2C/A4C/BP) End-systolic Left Ventricular Volume

ESV Index A2C/A4C/BP) End-systolic Left Ventricular Volume Index

SV (A2C/A4C/BP) Stroke Volume

SI (A2C/A4C/BP) SV Index

EF (A2C/A4C/BP) Ejection Fraction

CO (A2C/A4C/BP) Cardiac Output

CI (A2C/A4C/BP) Cardiac output index

Abbreviation Description

SV Stroke Volume

CO Cardiac Output

EF Ejection Fraction

SI SV Index

CI Cardiac output index

FS Fractional Shortening

MVCF Mean Velocity of Circumferential Fiber Shortening 

LVLd apical Left Ventricular Long-axis Length at End-diastole in apical view
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LVAd apical Left Ventricular Long-axis Area at End-diastole in apical view

LVLs apical Left Ventricular Long-axis Length at End-systole in apical view

LVAs apical Left Ventricular Long-axis Area at end-systole in apical view

HR Heart Rate

EDV(SP Ellipse) End-diastolic Left Ventricular Volume*1

ESV(SP Ellipse) End-systolic Left Ventricular Volume *2

EDV Index(SP Ellipse) End-diastolic Left Ventricular Volume Index

ESV Index(SP Ellipse) End-systolic Left Ventricular Volume Index

SV(SP Ellipse) Stroke Volume

CO(SP Ellipse) Cardiac Output

EF(SP Ellipse) Ejection Fraction

SI(SP Ellipse) SV Index

CI(SP Ellipse) CO Index

LVIDd Left Ventricular Internal Diameter at End-diastole 

LVIDs Left Ventricular Internal Diameter at End-systole

LVAd sax MV Left Ventricular Area at Mitral Valve level at End-diastole in Short-axis 
view

LVAs sax MV Left Ventricular Area at Mitral Valve level at End-systole in Short-axis 
view

LVAd apical Left Ventricular Long-axis Area at End-diastole in apical view 

LVAs apical Left Ventricular Long-axis Area at end-systole in apical view 

EDV(BP Ellipse) End-diastolic Left Ventricular Volume*3

ESV(BP Ellipse) End-systolic Left Ventricular Volume *4

EDV Index(BP Ellipse) End-diastolic Left Ventricular Volume Index

ESV Index(BP Ellipse) End-systolic Left Ventricular Volume Index

SV(BP Ellipse) Stroke Volume

CO(BP Ellipse) Cardiac Output

EF(BP Ellipse) Ejection Fraction

SI(BP Ellipse) SV Index

CI(BP Ellipse) CO Index

LVLd apical Left Ventricular Long-axis Length at End-diastole in apical view 

LVLs apical Left Ventricular Long-axis Length at End-systole in apical view 

LVAd sax MV Left Ventricular Area at Mitral Valve level at End-diastole in Short-axis 
view 

LVAs sax MV Left Ventricular Area at Mitral Valve level at End-systole in Short-axis 
view 

Abbreviation Description
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HR Heart Rate

EDV(Bullet) End-diastolic Left Ventricular Volume*5

ESV(Bullet) End-systolic Left Ventricular Volume *6

EDV Index(Bullet) End-diastolic Left Ventricular Volume Index

ESV Index(Bullet) End-systolic Left Ventricular Volume Index

SV(Bullet) Stroke Volume 

CO(Bullet) Cardiac Output 

EF(Bullet) Ejection Fraction

SI(Bullet) SV Index 

CI(Bullet) CO Index 

LVLd apical Left Ventricular Long-axis Length at End-diastole in apical view

LVLs apical Left Ventricular Long-axis Length at End-systole in apical view

LVAd sax MV Left Ventricular Area at Mitral Valve level at End-diastole in Short-axis 
view 

LVAs sax MV Left Ventricular Area at Mitral Valve level at End-systole in Short-axis 
view 

LVAd sax PM Left Ventricular Area at Papillary Muscle level at end-diastole in short 
axis view

LVAs sax PM Left Ventricular Area at Papillary Muscle level at end-systole in short 
axis view 

EDV(Mod.Simpson) End-diastolic Left Ventricular Volume*7

ESV(Mod.Simpson) End-systolic Left Ventricular Volume *8

EDV In-
dex(Mod.Simpson)

End-diastolic Left Ventricular Volume Index

ESV In-
dex(Mod.Simpson)

End-systolic Left Ventricular Volume Index

SV(Mod.Simpson) Stroke Volume 

CO(Mod.Simpson) Cardiac Output 

EF(Mod.Simpson) Ejection Fraction

SI(Mod.Simpson) SV Index 

CI(Mod.Simpson) CO Index 

A2Cd Left ventricular long-axis length at end diastole in A2C view

A2Cs Left ventricular long-axis length at end systole in A2C view

A4Cd Left ventricular long-axis length at end diastole in A4C view

A4Cs Left ventricular long-axis length at end systole in A4C view

EDV(A2C/A4C) End-diastolic Left Ventricular Volume (A2C/A4C)*9

EDV (BP) End-diastolic Left Ventricular Volume (BP) *10

Abbreviation Description
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• *1 means: 

• *2 means: 

• *3 means: 

• *4 means: 

• *5 means: 

EDV(ml)= 5/6×LVLd apical(cm)×LVAd sax MV(cm2)

ESV(A2C/A4C) End-systolic Left Ventricular Volume (A2C/A4C)*11

ESV (BP) End-systolic Left Ventricular Volume (BP)*12

EDV Index

(A2C/A4C/BP)

End-diastolic Left Ventricular Volume Index (A2C/A4C/BP)

ESV Index

(A2C/A4C/BP)

End-systolic Left Ventricular Volume Index (A2C/A4C/BP)

Diastole End-diastolic Left Ventricular Measurement

Systole End-systolic Left Ventricular Measurement

LVIDd Left Ventricular Internal Diameter at End-diastole

LVIDs Left Ventricular Internal Diameter at End-systole

IVSd Interventricular Septal Thickness at End-diastole

LVPWd Left Ventricular Posterior Wall Thickness at End-diastole

IVSs Interventricular Septal Thickness at End-systole

LVPWs Left Ventricular Posterior Wall Thickness at End-systole

EDV End-diastolic Left Ventricular Volume

ESV End-systolic Left Ventricular Volume

EDV Index End-diastolic Left Ventricular Volume

ESV Index End-systolic Left Ventricular Volume

MVCF Mean Velocity of Circumferential Fiber Shortening 

Abbreviation Description

)(apical LVLd

)(apical LVAd

3

8
＝)(Ellipse) EDV(SP

22

cm
cmml �

�

)(apical LVLs

)(apical LVAs

3

8
＝)(Ellipse) ESV(SP

22

cm
cmml �

�

)()(sax MV LVAd)(apical LVAd
3

8)( Ellipse)EDV(BP 22 cmLVIDdcmcmml ���

)()(sax MV LVAs)(apical LVAs
3

8)( Ellipse)ESV(BP 22 cmLVIDscmcmml ���
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• *6 means: 

ESV(ml)= 5/6×LVLs apical(cm)×LVAs sax MV(cm2)

*7 means: 

• *8 means: 

• *9 means: 

– LVLd apical: Left Ventricular Long-axis Length at End-diastole in apical view, i.e. the long-
axis length obtained in measurement.

– ri: Radii obtained from diastolic measurement

• *10 means: 

• *11 means: 

• *12 means: 

Calculate the LV volume on the apical 2-chamber view image: 

Calculate the LV volume on the apical 4-chamber view image:
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LVLd2i – Left ventricular long-axis length at end diastole at apical two-chamber view, which is 
the long-axis length obtained by EDV(A2C) measurement

LVLd4i – Left ventricular long-axis length at end diastole at apical four-chamber view, which is 
the long-axis length obtained by EDV(A4C) measurement

LVLs2i – Left ventricular long-axis length at end systole at apical two-chamber view, which is the 
long-axis length obtained by ESV(A2C) measurement

LVLs4i – Left ventricular long-axis length at end systole at apical four-chamber view, which is the 
long-axis length obtained by ESV(A4C) measurement

r2i – Radii obtained by EDV(A2C) or ESV(A2C) at apical two-chamber view

r4i – Radii obtained by EDV(A4C) or ESV(A4C) at apical four-chamber view

Study Tools of Left Ventricular Mass - LV Mass (Cube)

Study Tools of Left Ventricular Mass - LV Mass (A-L)

�
�

��
20

1

2

4
4 )(

20
)(

)(4ESV
i

i
i cmrcmLVLsml �

Abbreviation Description

IVSd Interventricular Septal Thickness at End-diastole 

LVIDd Left Ventricular Internal Diameter at End-diastole 

LVPWd Left Ventricular Posterior Wall Thickness at End-diastole 

LV Mass (Cube) Left Ventricular Mass

LV MASS-I (Cube) Index of Left Ventricular Mass

Abbreviation Description

LVAd sax Epi Left Ventricular Epicardial Area at Papillary Muscle level at end-diastole 
in Short-axis view

LVAd sax Endo Left Ventricular Endocardial Area at Papillary Muscle level at end-
diastole in Short-axis view

LVLd apical Left Ventricular Long-axis Length at End-diastole in apical view

LV Mass (A-L) Left Ventricular Mass*1

LV MASS-I (A-L) Index of Left Ventric-ular Mass

LVAd sax Epi Left Ventricular Epicardial Area at Papillary Muscle level at end-diastole 
in Short-axis view

LVAd sax Endo Left Ventricular Endocardial Area at Papillary Muscle level at end-
diastole in Short-axis view

a Semi-major axis from widest minor axis radius to apex

d Truncated semi-major axis from widest minor axis radius to mitral 
annulus plane
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• *1 means: 

Where

• *2 means: 

Where units of a, b, d, t are cm.

a: Semi-major axis from widest minor axis radius to apex

d: Truncated semi-major axis from widest minor axis radius to mitral annulus plane

t: Thickness of the myocardium

b: Short axis radius, usually measured where the radius is largest. 

Mitral Valve Area (MVA)

*1 means: 

LV Mass (T-E) Left Ventricular Mass*2

LV MASS-I (T-E) Index of Left Ventric-ular Mass

Abbreviation Description

LVL(cm)))(cm Endosax  LVAd-   

   t(cm))apical(cm) (LVLd )Epi(cmsax  LVAd ( 5/61.05   Mass(g) LV

2

2

�

	����

))/Endo(cmSax  (LVAd - ) /)Epi(cmsax  (LVAd  (cm)t 22 ���

)}
3a

d
-d+

3

2a
(b-]

t)+3(a

d
-d+

3

t)2(a
[t)+(b{1.05   Mass(g) LV

2

3
2

2

3
2 �

	
��� �

))/Endo(cmSax  (LVAd - ) /)Epi(cmsax  (LVAd  (cm)t 22 ���

))/Endo(cmSax  (LVAd   b(cm) 2 ��

Abbreviation Description

LVOT Diam. Left Ventricular Outflow Tract Diameter

LVOT VTI Left Ventricular Outflow Tract Velocity-Time Integral

MV VTI Mitral Valve Velocity-Time Integral

MVA(VTI) Mitral Valve Area*1

VTI(cm) MV4

)Diam(cm LVOTVTI(cm) LVOT
)mMVA(VTI)(c

22

2

�
��

�
�



G  Measurement References

Operator’s Manual G - 20

Study Tools of AVA (VTI)

*1 means: 

Study Tools of LA Vol

*1 means: 

Study Tools of LV Tei Index

Abbreviation Description

LVOT Diam. Left Ventricular Outflow Tract Diameter

LVOT VTI Left Ventricular Outflow Tract Velocity-Time Integral

AV VTI Aortic Valve Velocity-Time Integral

AVA(VTI) Aortic Valve Area*1

VTI(cm) AV4

)Diam(cm LVOTVTI(cm) LVOT
)mAVA(VTI)(c

22

2

�
��

�
�

Abbreviation Description

LA apical Left Atrium Diameter

LAA(A2C) Left Atrium Area at apical 2-chamber view

LAA(A4C) Left Atrium Area at apical 4-chamber view

LA Vol(A-L) Left Atrium Area*1

LA Vol Index (A-L) Left Atrium Area

LA Vol.(A2C) Left Atrium Volume at apical 2-chamber view

LA Vol.(A4C) Left Atrium Volume at apical 4-chamber view

LA Vol. Index (A2C/
A4C)

Left Atrium Volume Index

apical(cm)LA )mLAA(A2C)(c)mLAA(A4C)(c
3

8
L)(ml)-Vol(ALA 22 ��

�

Abbreviation Description

MV C-O Dur. Mitral Valve Close-Open Duration

LVET Left Ventricular Ejection Time

LV Tei Index Left Ventricular Index of Myocardial Performance*1
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*1 means: 

Study Tools of RVSP

*1 means: 

Study Tools of PAEDP 

*1 means: 

Study Tools of RVIMP

*1 means: 

LVET(s)

LVET(s)-dur(s) O-C MV
)TEI(Nounit LV �

Abbreviation Description

TR Vmax Tricuspid Valve Regurgitation Maximum Velocity

RAP Right Atrium Pressure

TR PGmax Tricuspid Valve Regurgitation Pressure Gradient

RVSP Right Ventricular Systolic Pressure*1

2))/max( (4)(RVSP(mmHg) smVTRmmHgRAP �	�

Abbreviation Description

PR Ved Pulmonary Valve Regurgitation Velocity at end-Diastole

RAP Right Atrium Pressure

PR PGed Pulmonary Valve Regurgitation Pressure Gradient at end-Diastole

PAEDP Pulmonary Pressure at end-Diastole*1

2))/( (4)()PAEDP(mmHg smVedPRmmHgRAP �	�

Abbreviation Description

TV C-O Dur. Tricuspid Valve Close-Open Duration

RVET Right Ventricular Ejection Time

RV Tei Index Right Ventricular Index of Myocardial Performance*1
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Study Tools of Qp/Qs

*1 means: 

RVET(s)

RVET(s)-dur(s) O-C TV
)TEI(Nounit RV �

Abbreviation Description

RVOT Diam. Right Ventricular Outflow Tract Diameter

LVOT Diam. Left Ventricular Outflow Tract Diameter

RVOT VTI Right Ventricular Outflow Tract Velocity-Time Integral

LVOT VTI Left Ventricular Outflow Tract Velocity-Time Integral

RVOT SV Right Ventricular Outflow Tract Stroke Volume

RVOT CO Right Ventricular Outflow Tract Cardiac Output

RVOT SI Right Ventricular Outflow Tract SV Index

RVOT CI Right Ventricular Output Tract CO Index

RVOT Vmax Right Ventricular Outflow Tract Maximum Velocity

RVOT Vmean Right Ventricular Outflow Tract Minimum Average Velocity

RVOT PGmax Right Ventricular Outflow Tract Maximum Pressure Gradient

RVOT PGmean Right Ventricular Outflow Tract Average Pressure Gradient

LVOT SV Left Ventricular Outflow Tract Stroke Volume

LVOT SI Left Ventricular Outflow Tract SV Index

LVOT CO Left Ventricular Outflow Tract Cardiac Output

LVOT CI Left Ventricular Output Tract CO Index

LVOT Vmax Left Ventricular Outflow Tract Maximum Velocity

LVOT PGmax Left Ventricular Outflow Tract Maximum Pressure Gradient

LVOT Vmean Left Ventricular Outflow Tract Average Velocity

LVOT PGmean Left Ventricular Outflow Tract Minimum Pressure Gradient

Qp/Qs Flow ratio of Pulmonary circulation and Systemic circulation*1

Qp-Qs Flow difference of Pulmonary circulation and Systemic circulation*1

VTI(cm)  RVOT)Diam(cm)/2  RVOT(SV(ml)  RVOT)( 2 �� �mlQp

VTI(cm)  LVOT)Diam(cm)/2  LVOT(SV(ml)  LVOT)( 2 ���mlQs

)(SV  LVOT

)(SV  RVOT
)(/

ml
mlNounitQsQp
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Study Tools of PISA

)(SV  LVOT)(SV  RVOT)( mlmlNounitQsQp ��

Abbreviation Description

MR Rad Mitral Valve Stenosis Radius

MR VTI Mitral Valve Regurgitation Velocity-Time Integral

MR Als.Vel. Mitral Valve Regurgitation Aliasing Maximum Velocity

MR Vmax Mitral Regurgitation Maximum Velocity

MR Flow Mitral Regurgitation Flow*1

MR Flow Rate Mitral Regurgitation Flow Rate*2

MR Fraction Mitral Valve Regurgitation Fraction*3

MR EROA Mitral Valve Effective Regurgitant Orifice Area*4

AR Rad. Aortic Valve Stenosis Radius

AR VTI Aortic Valve Regurgitation Velocity-Time Integral

AR Als.Vel. Aortic Valve Regurgitation Aliasing Maximum Velocity

AR Vmax Aortic Regurgitation Maximum Velocity

AR Flow Aortic Regurgitation Flow*5

AR Flow Rate Aortic Regurgitation Flow Rate*6

AR Fraction Aortic Valve Regurgitation Fraction*7

AR EROA Aortic Valve Effective Regurgitant Orifice Area*8

TR Rad. Tricuspid Valve Stenosis Radius

TR VTI Tricuspid Valve Regurgitation Velocity-Time Integral

TR Als.Vel. Tricuspid Valve Regurgitation Aliasing Maximum Velocity

TR Vmax Tricuspid Regurgitation Maximum Velocity

TR Flow Tricuspid Regurgitation Flow*9

TR Flow Rate Tricuspid Regurgitation Flow Rate*10

TR Fraction Tricuspid Valve Regurgitation Fraction*11

TR EROA Tricuspid Valve Effective Regurgitant Orifice Area*12

PR Rad. Pulmonary Valve Stenosis Radius

PR VTI Pulmonary Valve Regurgitation Velocity-Time Integral

PR Als.Vel. Pulmonary Valve Regurgitation Aliasing Maximum Velocity

PR Vmax Pulmonary Regurgitation Maximum Velocity

PR Flow Pulmonary Regurgitation Flow*13

PR Flow Rate Pulmonary Regurgitation Flow Rate*14
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• *1 means: 

• *2 means: 

• *3 means: 

• *4 means: 

• *5 means: 

• *6 means: 

• *7 means: 

• *8 means: 

• *9 means: 

• *10 means: 

PR Fraction Pulmonary Valve Regurgitation Fraction*15

PR EROA Pulmonary Valve Effective Regurgitant Orifice Area*16

Abbreviation Description

VTI(cm) MR
max(cm/s) MRV

/s)Als.Vel(cm MRRad(cm) MR2
Flow(ml) MR

2

�
�

�
�

/s)Als.Vel(cm MRRad(cm) MR2Rate(ml/s) Flow MR 2 �� �

%100
 SV(ml)MV

Flow(ml) MR
(Nounit) Fraction MR ��

Vmax(cm/s) MR

/s)Als.Vel(cm MRRad(cm) MR2
EROA(cm) MR

2
2 �
�

�

VTI(cm) AR
max(cm/s) ARV

/s)Als.Vel(cm ARRad(cm) AR2
Flow(ml) AR

2

�
�

�
�

/s)Als.Vel(cm ARRad(cm) AR2Rate(ml/s) Flow AR 2 �� �

%100
 SV(ml)AV

Flow(ml) AR
(Nounit) Fraction AR ��

Vmax(cm/s) AR

/s)Als.Vel(cm ARRad(cm) AR2
EROA(cm) AR

2
2 �
�

�

VTI(cm) TR
max(cm/s) TRV

/s)Als.Vel(cm TRRad(cm) TR2
Flow(ml) TR

2

�
�

�
�

/s)Als.Vel(cm TRRad(cm) TR2Rate(ml/s) Flow TR 2 �� �
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• *11 means: 

• *12 means: 

• *13 means: 

• *14 means: 

• *15 means: 

• *16 means: 

G.2 References

G.2.1 General Measurements 

3 Dist. Volume

Emamian, S.A., et al., “Kidney Dimensions at Sonography: Correlation With Age, Sex, and Habitus in 
665 Adult Volunteers,” American Journal of Radiology, January, 1993, 160:83-86.

HR (M general measurement)

Dorland’s Illustrated Medical Dictionary, ed. 27, W. B. Sanders Co., Philadelphia,1988, p. 1425.

PG

Powis, R., Schwartz, R. Practical Doppler Ultrasound for the Clinician. Williams & Wilkins, 
Baltimore, Maryland, 1991, p. 162.

Acceleration

Starvos, A.T.,et.al.“Segmental Stenosis of the Renal Artery Pattern Recognition of Tardus and Parvus 
Abnormalities with Duplex Sonography.” Radiology, 184:487-492,1992. 

%100
 SV(ml)TV

Flow(ml) TR
(Nounit) Fraction TR ��

Vmax(cm/s) TR

/s)Als.Vel(cm TRRad(cm) TR2
EROA(cm) TR

2
2 �
�

�

VTI(cm) PR
max(cm/s) PRV

/s)Als.Vel(cm PRRad(cm) PR2
Flow(ml) PR

2

�
�

�
�

/s)Als.Vel(cm PRRad(cm) PR2Rate(ml/s) Flow PR 2 �� �

%100
 SV(ml)PV

Flow(ml) PR
(Nounit) Fraction PR ��

Vmax(cm/s) PR

/s)Als.Vel(cm PRRad(cm) PR2
EROA(cm) PR

2
2 �
�

�
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Taylor,K.W.,Strandness,D.E.Duplex Doppler Ultrasound. Churchill-Livingstone, New York, 1990.

PPG

Yoganathan, Ajit P., et al., “Review of Hydrodynamic Principles for the Cardiologist:Applications to 
the Study of Blood Flow and Jets by Imaging Techniques,” Journal of the American College of 
Cardiology, 1988, Vol. 12, pp. 1344-1353

MPG

Yoganathan, Ajit P., et al., “Review of Hydrodynamic Principles for the Cardiologist: Applications to 
the Study of Blood Flow and Jets by Imaging Techniques,” Journal of the American College of 
Cardiology, 1988, Vol. 12, pp. 1344-1353

VTI

Degroff, C. G. Doppler Echocardiography. Third Edition. Lippincott-Raven, Philadelphia, 1999, p. 
102-103

RI

Burns, P.N., “The Physical Principles of Doppler and Spectral Analysis,” Journal of Clinical 
Ultrasound, November/December 1987, Vol. 15, No. 9, p. 586

PI

Burns, Peter N., “The Physical Principles of Doppler and Spectral Analysis,” Journal of Clinical 
Ultrasound, November/December 1987, Vol. 15, No. 9, p. 585

S/D

Ameriso S, et al., “Pulseless Transcranial Doppler Finding in Takayasu’s Arteritis,” J Clin Ultrasound, 
September 1990; 18:592-6

D/S

Ameriso S, et al., “Pulseless Transcranial Doppler Finding in Takayasu’s Arteritis,” J Clin Ultrasound, 
September 1990; 18:592-6

Volume Flow(Diam)-TAMAX

Burns, P.N., “The Physical Principles of Doppler and Spectral Analysis,” Journal of Clinical 
Ultrasound, November/December 1987, 15(9):587. 

Volume Flow(Area)-TAMAX

Burns, P.N., “The Physical Principles of Doppler and Spectral Analysis,” Journal of Clinical 
Ultrasound, November/December 1987, 15(9):587.

G.2.2 GA Formulae and References

GA Formulae and Reference for Dog

Dog’s standard GA is 65 days.
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It is recommended to measure Dog CRL and Dog GS when the dog’s GA is less than 40 days, and to 
measure Dog HD and Dog BD when the dog’s GA is greater than 40 days.

• Dog CRL: GA (day) = 3 × Dog CRL (cm) + 27

• Dog GS: GA (day) = 6 × Dog GS (cm) + 20

• Dog HD: GA (day) = 15 × Dog HD (cm) + 20

• Dog BD: GA (day) = 7 × Dog BD (cm) + 29

• Dog HD&BD: GA (day) = 6 × Dog HD (cm) + 3 × Dog BD (cm) + 30

Reference: Dominique Penninck and Marc-André d’Anjou, “Atlas of Small Animal Ultrasonography”, 
Blackwell Publishing, 2008, Chapter 13 FEMALE REPRODUCTIVE TRACT, Page 406

GA Formulae and Reference for Cat

Cat’s standard GA is 61 days.

• Cat BD: GA (day) = 11 × Cat BD (cm) + 21

• Cat HD: GA (day) = 25 × Cat HD (cm) + 3

Reference: Dominique Penninck and Marc-André d’Anjou, “Atlas of Small Animal Ultrasonography”, 
Blackwell Publishing, 2008, Chapter 13 FEMALE REPRODUCTIVE TRACT, Page 406

GA Formulae and Reference for Equine (Horse)

Equine’s standard GA is 330 days.

• Equine GS-H: GA (day) = (Equine GS-H (cm) + 0.55) / 0.15

• Equine GS-V: GA (day) = (Equine GS-V (cm) + 0.10) / 0.14

EDD(Horse) = 330 – GA

Reference: F.S. Pipers, DVM, PhD; W. Zent, DVM; R. Holder, DVM; A. Asbury, DVM. 
Ultrasonography as an adjunct to pregnancy assessments in the mare. JAVMA, Vo; 184, No.3, 
February 1, 1984.

GA Formulae and Reference for Bovine

Bovine’s standard GA is 285 days.

It is recommended to measure Bovine CRL when the bovine’s GA is less than 50 days, and to measure 
Bovine TD and Bovine HD when the bovine’s GA is greater than 50 days.

• Bovine CRL: GA (day) = ln(Bovine CRL (cm)) × 16.73 + 27.5

• Bovine TD: GA (day) = ln(Bovine TD (cm)) × 37.21 + 39.7

• Bovine HD: GA (day) = ln(Bovine HD(cm)) × 45.23 + 37.7

Reference: PRACTICAL APPLICATION OF ULTRASOUND IN BOVINE EMBRYO TRANSFER. 
W. E. Beal. Department of Animal and Poultry Sciences. Virginia Tech, Blacksburg, VA 24061.

GA Formulae and Reference for Ovine

Ovine’s standard GA is 145 days.
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It is recommended to measure Ovine CRL when the ovine’s GA is between 20 and 40 days, and to 
measure Ovine BPD when the ovine’s GA is greater than 40 days.

• Ovine CRL: GA (day) = 14.05 + 1.16 × Ovine CRL (cm) - 0.012 × (Ovine CRL (cm))2

• Ovine BPD: GA (day) = 21.4 + 18.5 × Ovine BPD (cm)

Reference: SCHRICK, F. N., INSKEEP, E. K. 1993: Determination of early pregnancy in ewes 
utilizing transrectal ultrasonography. Theriogenology 40: 295-306

G.2.3 Cardiology Measurements

Body Surface Are (BSA)

DuBois, D., DuBois, E.F., “A Formula to Estimate the Approximate Surface Area if Height and Weight 
Be Known,” Nutrition, Sept-Oct 1989, Vol. 5, No. 5, pp. 303-313.

EDV(S-P Ellipse)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

ESV(S-P Ellipse)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766.

Stroke Volume (SV)

Gorge, G., et al., “High Resolution Two-dimensional Echocardiography Improves the Quantification of 
Left Ventricular Function”, Journal of the American Society of Echocardiography, 1992, 5: 125-34.

Roelandt, Joseph, Practical Echocardiology, vol. 1 of Ultrasound in Medicine Series, ed. Denis White, 
Research Studies Press, 1977, p. 124.

Ejection Fraction (EF)

Pombo, J.F., “Left Ventricular Volumes and Ejection by Echocardiography,” Circulation, 1971, Vol. 43, 
pp. 480-490.

Stroke Volume Index (SI)

Gorge, G., et al., “High Resolution Two-dimensional Echocardiography Improves the Quantification of 
Left Ventricular Function”, Journal of the American Society of Echocardiography, 1992, 5: 125-34.

Roelandt, Joseph, Practical Echocardiology, vol. 1 of Ultrasound in Medicine Series, ed. Denis White, 
Research Studies Press, 1977, p. 124.

Cardiac Output (CO)

Belenkie, Israel, et al., “Assessment of Left Ventricular Dimensions and Function by 
Echocardiography,” American Journal of Cardiology, June 1973, Vol. 31
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Cardiac output Index (CI)

The Merck Manual of Diagnosis and Therapy, ed. 15, Robert Berkon, ed., Merck and Co., Rahway, NJ, 
1987, p. 378.

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” J Am Soc Echo, Sept.-Oct., 1989, Vol. 2, No. 5,p. 364.

EDV(B-P Ellipse)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

ESV(B-P Ellipse)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

EDV (Bullet)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

ESV (Bullet)

Folland, E.D., et al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, 
Two-Dimensional Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

EDV (Simpson)

Weyman, Arthur E., Cross-Sectional Echocardiography, Lea & Febiger, 1985, p. 295.Folland, E.D., et 
al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, Two-Dimensional 
Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

ESV (Simpson)

Weyman, Arthur E., Cross-Sectional Echocardiography, Lea & Febiger, 1985, p. 295.Folland, E.D., et 
al., “Assessment of Left Ventricular Ejection Fraction and Volumes by Real-Time, Two-Dimensional 
Echocardiography,” Circulation, October 1979, Vol. 60, No.4, pp. 760-766

EDV (Simpson SP)

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” Journal of the American Society of Echocardiography, Sept-Oct 1989, Vol.2, No. 
5, p. 364

ESV (Simpson SP)

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” Journal of the American Society of Echocardiography, Sept-Oct 1989, Vol.2, No. 
5, p. 364
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EDV (Simpson BP)

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” Journal of the American Society of Echocardiography, Sept-Oct 1989, Vol.2, No. 
5, p. 364

ESV (Simpson BP)

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” Journal of the American Society of Echocardiography, Sept-Oct 1989, Vol.2, No. 
5, p. 364

EDV (Cube)

Dodge, H.T., Sandler, D.W., et al., “The Use of Biplane Angiography for the Measurement of Left 
Ventricular Volume in Man,” American Heart Journal, 1960, Vol. 60, pp. 762-776.

Belenkie, Israel, et al., “Assessment of Left Ventricular Dimensions and Function by 
Echocardiography,” American Journal of Cardiology, June 1973, pg. 31.

ESV (Cube)

Dodge, H.T., Sandler, D.W., et al., “The Use of Biplane Angiography for the Measurement of Left 
Ventricular Volume in Man,” American Heart Journal, 1960, Vol. 60, pp. 762-776.

Belenkie, Israel, et al., “Assessment of Left Ventricular Dimensions and Function by 
Echocardiography,” American Journal of Cardiology, June 1973, pg. 31.

Fractional Shortening (FS)

Belenkie, Israel, et al., “Assessment of Left Ventricular Dimensions and Function by 
Echocardiography,” American Journal of Cardiology, June 1973, Vol. 31.

MVCF

Colan, S.D., Borow, K.M., Neumann, A., “Left Ventricular End-Systolic Wall Stress-Velocity of Fiber 
Shortening Relation: A Load-Independent Index of Myocardial Contractility,” J Amer Coll Cardiol, 
October, 1984, Vol. 4, No. 4,pp. 715-724.

Snider, A.R., Serwer, G.A., Echocardiography in Pediatric Heart Disease, Year Book Medical 
Publishers, Inc., Littleton, MA, 1990, p. 83.

Teichholz

Teichholz, L.E., et al., “Problems in Echocardiographic Volume Determinations: Echocardiographic-
Angiographic Correlations in the Presence or Absence of Asynergy,” American Journal of Cardiology, 
January 1976, Vol. 37, pp. 7-11

LVMW

John H. Phillips, “Practical Quantitative Doppler Echocardiography”, CRC Press, 1991, Page 96.
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LV MASS (Cube)

Cornell CC, Kittleson MD, Della Torre P, et al. Allometric scaling of M-mode cardiac measurements in 
normal adult dogs. Vet Intern Med 2004,18: 311-321

LV MASS-I

John H. Phillips, “Practical Quantitative Doppler Echocardiography”, CRC Press, 1991, Page 96.

LA/Ao

Roelandt, Joseph, Practical Echocardiology, Ultrasound in Medicine Series, Vol. 1,Denis White, ed., 
Research Studies Press, 1977, p. 270.

Schiller, N.B., et al., “Recommendations for Quantification of the LV by Two-Dimensional 
Echocardiography,” J Am Soc Echo, Sept-Oct, 1989, Vol. 2, No. 5,p. 364.

MV CA/CE

Maron, Barry J., et al., Noninvasive Assessment of Left Ventricular Diastolic Function by Pulsed 
Doppler Echocardiography in Patients with Hypertrophic

Cardiomyopathy, J Am Coll Cardio, 1987, Vol. 10, pp. 733-742.

MV E/A

Maron, Barry J., et al., “Noninvasive Assessment of Left Ventricular Diastolic Function by Pulsed 
Doppler Echocardiography in Patients with Hypertrophic Cardiomyopathy,” Journal of the American 
College of Cardiology, 1987, Vol. 10, pp. 733-742.

Pressure Half Time (PHT)

Oh, J.K., Seward, J.B., Tajik, A.J. The Echo Manual. Boston: Little, Brown and Company, 1994, p.59-
60

Mitral valve area

Goldberg, Barry B., Kurtz, Alfred B., Atlas of Ultrasound Measurements, Year Book Medical 
Publishers, Inc., 1990, p. 65.

Stamm, R. Brad, et al., “Quantification of Pressure Gradients Across Stenotic Valves by Doppler 
Ultrasound,” J Am Coll Cardiol, 1983, Vol. 2, No. 4,pp. 707-718.

Right Ventricular Systolic Pressure

Stevenson, J.G., “Comparison of Several Noninvasive Methods for Estimation of Pulmonary Artery 
Pressure,” Journal of the American Society of Echocardiography, June 1989, Vol. 2, pp. 157-171.

Yock, Paul G. and Popp, Richard L., “Noninvasive Estimation of Right Ventricular Systolic Pressure 
by Doppler Ultrasound in Patients with Tricuspid Regurgitation,” Circulation, 1984, Vol. 70, No. 4, pp. 
657-662.

E/Ea

Recommendations for the Evaluation of Left Ventricular Diastolic Function by Echocardiography 
2009 Published by Elsevier Inc. on behalf of the American Society of Echocardiography.
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LVIDd/LVPWd

“Recommendations for Cardiac Chamber Quantification by Echocardiography in Adults: An Update 
from the American Society of Echocardiography and the European Association of Cardiovascular 
Imaging” J Am Soc Echocardiogr 2015;28:1-39.

Cantinotti M;Scalese M; Murzi B;Assanta N;Spadoni I;Festa P;De Lucia V; Crocetti M;Marotta 
M;Molinaro S;Lopez L;Iervasi G. Echocardiographic nomograms for ventricular, valvular and arterial 
dimensions in caucasian children with a special focus on neonates, infants and toddlers. J Am Soc 
Echocardiogr 2014; 27: 179-191 (e2).

Cantinotti M, Scalese M, Murzi B, Assanta N, Spadoni I, et al. Echocardiographic Nomograms for 
Chamber Diameters and Areas in Caucasian Children. J Am Soc Echocardiogr 2014; 27: 1279-1292 
(e2).

Vp

Garcia, M. J., Smedira, N. G., Greenberg, N. L., et al. Color M-mode Doppler flow propagation 
velocity is a preload insensitive index of left ventricular relaxation: animal and human validation. 
Journal of the American College of Cardiology. 2001, 35(1): 201–208.

SI

Serres F, Chetboul V, Tissier R, et al. Comparison of 3 ultrasound methods for quantifying left 
ventricular systolic function: correlation with disease severity and prognostic value in dogs with mitral 
valve disease. Journal of Veterinary Internal Medicine. 2008; 22: 566-77.

LVPEP/LVET

Baumwart RD, Meurs KM, Bongaura JD. Tei index of myocard al performance applied to the right 
ventricle in normal dogs. Journal of Veterinary Internal Medicine. 2005; 19: 828-32.

RAA Index

T. Vezzosi, et al. Echocardiographic evaluation of the right atrial area index in dogs with pulmonary 
hypertension. Journal of Veterinary Internal Medicine. 2018, 32:42–47.

A/Ar

1. Schober KE, Bonagura JD, Scansen BA, et al. Estimation of left ventricular filling pressure by use 
of Doppler echocardiography in healthy anesthetised dogs subjected to acute volume loading. Am 
Vet Res 2008, 69: 1034-49. 

2. Nagueh SF. Non-invasive estimation of left ventricular filling pressures. In: Smiseth OA, Michal 
T, editors. Diastolic heart failure. London: Springer; 2008, 187-202.

G.2.4 Vascular Measurements

Stenosis D

Honda, Nobuo, et al., “Echo-Doppler Velocimeter in the Diagnosis of Hypertensive Patients: The 
Renal Artery Doppler Technique,” Ultrasound in Medicine and Biology, 1986, Vol. 12(12), pp. 945-
952.
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Stenosis A
Jacobs, Norman M., et al., “Duplex Carotid Sonography: Criteria for Stenosis,Accuracy,and Pitfalls,” 
Radiology, 1985, 154:385-391.
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H Electrical Safety Inspection

The following electrical safety tests are recommended as part of a comprehensive preventive 
maintenance program. They are a proven means of detecting abnormalities that, if undetected, could 
prove dangerous to either the animal or the operator. Additional tests may be required according to 
local regulations.

All tests can be performed using commercially-available safety analyzer test equipment. These 
procedures assume the use of a 601PROXL International Safety Analyzer or equivalent safety 
analyzer. Other popular testers which comply with IEC 60601-1 and are used in Europe, such as Fluke, 
Metron or Gerb, may require modifications to the procedure. Follow the analyzer manufacturer's 
instructions.

An electrical safety inspection should be periodically performed every two years. The safety analyzer 
is also an excellent troubleshooting tool for detecting abnormalities in line voltage and grounding, as 
well as total current loads.

NOTE:

Make sure the safety analyzer is authorized and complies with the requirements of IEC 60601-1. 
Follow the analyzer manufacturer's instructions.

H.1 Power Cord Plug

H.1.1 The Power Plug

Test Item Acceptance Criteria

The power plug The power plug pins No broken or bent pins. No discolored pins.

The plug body No physical damage to the plug body. 

The strain relief No physical damage to the strain relief. No plug 
warmth when device is in use.

The power plug No loose connections.
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H.2 Device Enclosure and Accessories

H.2.1 Visual Inspection

H.2.2 Contextual Inspection

H.3 Device Labeling

Check that the labels provided by the manufacturer or the healthcare facility are present and legible. 

• Main unit label

• Integrated warning labels

H.4 Protective Earth Resistance 

1. Plug the analyzer probes into the device’s protective earth terminal and the protective earth 
terminal of the AC power cord. 

The power cord No physical damage to the cord. No deterioration to the 
cord. 

For devices with detachable power cords, inspect the 
connection with the device. 

For devices with non-detachable power cords, inspect 
the strain relief at the device.

Test Item Acceptance Criteria

Test Item Acceptance Criteria

The enclosure and 
accessories

No physical damage to the enclosure and accessories.

No physical damage to meters, switches, connectors, etc.

No residue of fluid spillage (e.g., water, coffee, chemicals, etc.).

No loose or missing parts (e.g., knobs, dials, terminals, etc.).

Test Item Acceptance Criteria

The enclosure and 
accessories

No unusual noises (e.g., rattles inside the case). 

No unusual smells (e.g., burning or smoky smells, particularly from 
ventilation holes).

No taped notes that may suggest device deficiencies or operator concerns.
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2. Test the earth resistance with a current of 25 A.

3. Verify the resistance is less than the limits.

LIMITS

ALL COUNTRIES R = 0.2 Ω Maximum 

H.5 Earth Leakage Test

Run an Earth Leakage test on the device being tested before performing any other leakage tests.

The following outlet conditions apply when performing the Earth Leakage test. 

• normal polarity (Normal Condition);

• reverse polarity (Normal Condition);

• normal polarity with open neutral (Single Fault Condition);

• reverse polarity with open neutral (Single Fault Condition).

LIMITS
• For ES 60601-1:

– 300 μA in Normal Condition.

– 1000 μA in Single Fault Condition.

• For IEC 60601-1:

– 500 μA in Normal Condition.

– 1000 μA in Single Fault Condition.

H.6 Enclosure Leakage Test

The following outlet conditions apply when performing the Enclosure Leakage test. 

• normal polarity (Normal Condition);

• reverse polarity (Normal Condition);

• normal polarity with open neutral (Single Fault Condition); 

• reverse polarity with open neutral (Single Fault Condition);

• normal polarity with open earth (Single Fault Condition); 

• reverse polarity with open earth (Single Fault Condition).

LIMITS
• For ES 60601-1

– 100 μA in Normal Condition.

– 300 μA in Single Fault Condition.

• For IEC 60601-1:

– 100 μA in Normal Condition.

– 500 μA in Single Fault Condition.
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H.7 Animal Leakage Current

Animal leakage currents are measured between a selected applied part and mains earth. All 
measurements have a true RMS only.

The following outlet conditions apply when performing the Animal Leakage Current test. 

• normal polarity (Normal Condition);

• reverse polarity (Normal Condition);

• normal polarity with open neutral (Single Fault Condition); 

• reverse polarity with open neutral (Single Fault Condition).

• normal polarity with open earth (Single Fault Condition); 

• reverse polarity with open earth (Single Fault Condition).

LIMITS

For BF  applied parts:

• 100 μA in Normal Condition.

• 500 μA in Single Fault Condition.

H.8 Mains on Applied Part Leakage

The Mains on Applied Part test applies a test voltage, which is 110% of the mains voltage using a 
limiting resistance, to selected applied part terminals. Current measurements are then taken between 
the selected applied part and earth. Measurements are taken with the test voltage (110% of mains) on 
applied parts in the normal and reverse polarity conditions.

The following outlet conditions apply when performing the Mains on Applied Part test.

• Normal Polarity;

• Reversed Polarity.

LIMITS

For BF  applied parts: 5000 μA.

H.9 Animal Auxiliary Current 

Animal Auxiliary currents are measured between any selected Applied Part connector and the 
remaining Applied Part connectors. All measurements may have a true RMS response.

The following outlet conditions apply when performing the Animal Auxiliary Current test. 

• normal polarity (Normal Condition);

• reverse polarity (Normal Condition);

• normal polarity with open neutral (Single Fault Condition); 

• reverse polarity with open neutral (Single Fault Condition);

• normal polarity with open earth (Single Fault Condition); 
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• reverse polarity with open earth (Single Fault Condition).

LIMITS

For BF  applied parts,

• 100 μA in Normal Condition.

• 500 μA in Single Fault Condition.
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I EMC Guidance and Manufacturer’s 
Declaration

The system complies with the EMC standard IEC 60601-1-2:2014+A1:2020.

Intended Environments: HOME HEALTHCARE ENVIRONMENT except for near active HF 
SURGICAL EQUIPMENT and the RF shielded room of an ME SYSTEM for magnetic resonance 
imaging.

 WARNING

• The use of unapproved accessories may diminish system performance.
• Use of components, accessories, probes, and cables other than those specified may result in 

increased emission or decreased immunity of system.
• The system needs special precautions regarding EMC and needs to be installed and put into 

service according to the EMC information provided below.
• Use of the system adjacent to or stacked with other equipment should be avoided because it 

could result in improper operation. If such use is necessary, the system and the other 
equipment should be observed to verify that they are operating normally.

• Use of accessories, transducers and cables other than those specified or provided by the 
manufacturer of the system could result in increased electromagnetic emissions or decreased 
electromagnetic immunity of the system and result in improper operation.

• Portable RF communications equipment (including peripherals such as antenna cables and 
external antennas) should be used no closer than 30 cm (12 inches) to any part of the system, 
including cables specified by the manufacturer. Otherwise, degradation of the performance 
of the system could result.

• Other devices may interfere with the system even though they meet the requirements of 
CISPR.

• When the input signal is below the minimum amplitude provided in technical specifications, 
erroneous measurements could result.

• Use of portable or mobile communications devices can degrade the performance of the 
equipment.

• The system should be away from RFID, MRI, diathermy, and electrocautery testing, 
wireless power transfer, 5G cellular and security equipment (such as electromagnetic anti-
theft system and metal detector). If the devices are near and are interfered by the concealed 
and undiscovered RF transmitter (for example, scanning mode changes or image 
disturbances affecting diagnosis), the user should immediately take mitigation measures, 
such as redirecting, repositioning or shielding the RF transmitter.

• This equipment has been tested and found to comply with the limits for a Class B digital 
device, pursuant to part 15 of the FCC Rules. These limits are designed to provide 
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reasonable protection against harmful interference in a residential installation. This 
equipment generates, uses and can radiate radio frequency energy and, if not installed and 
used in accordance with the instructions, may cause harmful interference to radio 
communications. However, there is no guarantee that interference will not occur in a 
particular installation. If this equipment does cause harmful interference to radio or 
television reception, which can be determined by turning the equipment off and on, the user 
is encouraged to try to correct the interference by one or more of the following measures:
– Reorient or relocate the receiving antenna.
– Increase the separation between the equipment and receiver.
– Connect the equipment into an outlet on a circuit different from that to which the 

receiver is connected.
– Consult the dealer or an experienced radio/TV technician for help.
Any Changes or modifications not expressly approved by the party responsible for 
compliance could void the user's authority to operate the equipment.

• The device has been evaluated to meet general RF exposure requirement. The device can be 
used in portable exposure condition without restriction.
This device complies with part 15 of the FCC Rules. Operation is subject to the following 
two conditions: (1) This device may not cause harmful interference, and (2) this device must 
accept any interference received, including interference that may cause undesired operation.

If the system is operated within the electromagnetic environment listed in Table  I-2, Table  I-3, Table  
I-4, Table  I-5, and Table  I-6, the system will remain safe and will provide the following basic 
performances:

• Imaging;

• Doppler acoustic spectral displaying;

• Taking measurements;

• Patient information;

• Date/time information.

Table  I-1 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION-
ELECTROMAGNETIC EMISSIONS

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment. 

EMISSIONS TEST COMPLIANCE ELECTROMAGNETIC ENVIROMENT – 
GUIDANCE

RF Emissions

CISPR 11

Group 1 The system uses RF energy only for its internal 
function. Therefore, its RF emissions are very low and 
are not likely to cause any interference in nearby 
electronic equipment.
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RF Emissions

CISPR 11

Class B The system is suitable for use in all establishments 
including domestic establishments and those directly 
connected to the public low-voltage power supply 
network that supplies buildings used for domestic 
purposes.

Harmonic Emissions

IEC 61000-3-2

Class A

Voltage Fluctuations/ 
Flicker Emissions

IEC 61000-3-3

Compliance

Table  I-1 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION-
ELECTROMAGNETIC EMISSIONS

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment. 

EMISSIONS TEST COMPLIANCE ELECTROMAGNETIC ENVIROMENT – 
GUIDANCE
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Table  I-2 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION-
ELECTROMAGNETIC IMMUNITY

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment.

IMMUNITY TEST IEC 60601
TEST LEVEL

COMPLIANCE 
LEVEL

ELECTROMAGNETIC 
ENVIRONMENT-
GUIDANCE

Electrostatic 
Discharge (ESD)

IEC 61000-4-2

±8 kV contact;

±2 kV, ±4 kV, ±8 kV, 
±15 kV air

±8 kV contact;

±2 kV, ±4 kV, ±8 kV, 
±15 kV air

Floors should be wood, 
concrete or ceramic tile. If 
floors are covered with 
synthetic material, the 
relative humidity should be 
at least 30%.

Electrical fast 
Transient / burst

IEC 61000-4-4

±2 kV for power supply 
lines;

±1 kV for input/output 
lines

±2 kV for power supply 
lines;

±1 kV for input/output 
lines

Mains power quality 
should be that of a typical 
commercial or hospital 
environment.

Surge

IEC 61000-4-5

±0,5 kV, ±1 kV line(s) 
to line(s);

±0,5 kV, ±1 kV, ±2 kV 
line(s) to earth

±0,5 kV, ±1 kV line(s) 
to line(s);

±0,5 kV, ±1 kV, ±2 kV 
line(s) to earth

Mains power quality 
should be that of a typical 
commercial or hospital 
environment.

Voltage dips, Short 
interruptions and 
voltage variation on 
power supply input 
voltage 

IEC 61000-4-11

0% UT; 0,5 cycle 

At 0°, 45°, 90°, 135°, 
180°, 225°, 270° and 
315°

0% UT; 1 cycle

70% UT for 25/30 cycle 
at 0°

0% UT; 250/300 cycle

0% UT; 0,5 cycle 

At 0°, 45°, 90°, 135°, 
180°, 225°, 270° and 
315°

0% UT; 1 cycle

70% UT for 25/30 cycle 
at 0°

0% UT; 250/300 cycle

Mains power quality 
should be that of a typical 
commercial or hospital 
environment. If you 
require continued 
operation during power 
mains interruptions, it is 
recommended that our 
product be powered from 
an uninterruptible power 
supply or a battery.

Power frequency 
(50/60 HZ) 
magnetic field

IEC 61000-4-8

30 A/m 30 A/m Power frequency magnetic 
fields should be at levels 
characteristic of a typical 
location in a typical 
commercial or hospital 
environment.

NOTE:
UT is the A.C. mains voltage prior to application of the test level.
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Table  I-3 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION-
ELECTROMAGNETIC IMMUNITY

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment.

IMMUNITY 
TEST

IEC 60601 TEST 
LEVEL

COMPLIANCE 
LEVEL

ELECTROMAGNETIC 
ENVIRONMENT-GUIDANCE

Conduced RF 
IEC 61000-4-6 

3 Vrms 

0,15 MHz – 80 
MHz

6 Vrms in ISMa 
and amateur radio 
bands between 0,15 
MHz and 80 MHz 

3 Vrms 

0,15 MHz – 80 
MHz

6 Vrms in ISM and 
amateur radio 
bands between 
0,15 MHz and 80 
MHz 

Portable and mobile RF communications 
equipment should be used no closer to 
any part of system, including cables, than 
the recommended separation distance 
calculated from the equation applicable to 
the frequency of the transmitter. 
Recommended separation distance

d = 1.2 ×

d = 2 ×

Radiated RF 
IEC 61000-4-3

10 V/m

80MHz - 2.7GHz

10 V/m

80MHz - 2.7GHz

d = 1.2 ×  80 MHz to 800 MHz

d = 2.3 ×  800 MHz to 2.7GHz

Where, P is the maximum output power 
rating of the transmitter in watts (W) 
according to the transmitter manufacturer 
and d is the recommended separation 
distance in meters (m).

Field strengths from fixed RF 
transmitters, as determined by an 
electromagnetic site surveyb, should be 
less than the compliance level in each 
frequency rangec. 

Interference may occur in the vicinity of 
equipment marked with the following 
symbol: 

Note 1: At 80 MHz and 800 MHz, the higher frequency range applies.

Note 2: These guidelines may not apply in all situations. Electromagnetic propagation is affected by 
absorption and reflection from structures, objects and people.

P

P

P

P
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a: The ISM (industrial, scientific, and medical) bands between 150 kHz and 80 MHz are 6,765 MHz 
to 6,795 MHz; 13,553 MHz to 13,567 MHz; 26,957 MHz to 27,283 MHz; and 40,66 MHz to 40,70 
MHz. The amateur radio bands between 0,15 MHz and 80 MHz are 1,8 MHz to 2,0 MHz, 3,5 MHz to 
4,0 MHz, 5,3 MHz to 5,4 MHz, 7 MHz to 7,3 MHz, 10,1 MHz to 10,15 MHz, 14 MHz to 14,2 MHz, 
18,07 MHz to 18,17 MHz, 21,0 MHz to 21,4 MHz, 24,89 MHz to 24,99 MHz, 28,0 MHz to 29,7 
MHz and 50,0 MHz to 54,0 MHz.

b: Field strengths from fixed transmitters, such as base stations for radio (cellular/cordless) 
telephones and land mobile radios, amateur radio, AM and FM radio broadcast and TV broadcast 
cannot be predicted theoretically with accuracy. To assess the electromagnetic environment due to 
fixed RF transmitters, an electromagnetic site survey should be considered. If the measured field 
strength in the location in which the device is used exceeds the applicable RF compliance level 
above, the device should be observed to verify normal operation. If abnormal performance is 
observed, additional measures may be necessary, such as re-orienting or relocating the device.

c: Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m.

Table  I-4 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION—
ELECTROMAGNETIC IMMUNITY

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment.

IMMUNITY TEST IEC 60601
TEST LEVEL

COMPLIANCE
LEVEL

ELECTROMAGNET
IC ENVIROMENT – 
GUIDANCE

Proximity magnetic 
fields

IEC 61000-4-39

8 A/m

30 kHz

CW

8 A/m

30 kHz

CW

/

65 A/m

134,2 kHz

Pulse modulation

2,1 kHz

65 A/m

134,2 kHz

Pulse modulation

2,1 kHz

7,5 A/m 

13,56 MHz

Pulse modulation

50 kHz

7,5 A/m

13,56 MHz

Pulse modulation

50 kHz

Table  I-3 

GUIDANCE AND MINDRAY ANIMAL MEDICAL DECLARATION-
ELECTROMAGNETIC IMMUNITY

The system is intended for use in the electromagnetic environment specified below. The customer or 
the user of system should assure that it is used in such an environment.

IMMUNITY 
TEST

IEC 60601 TEST 
LEVEL

COMPLIANCE 
LEVEL

ELECTROMAGNETIC 
ENVIRONMENT-GUIDANCE
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Table  I-5 Test specifications and minimum distances

Recommended separation distances between portable and mobile RF communications
equipment and system

The system is intended for use in an electromagnetic environment in which radiated RF disturbances 
are controlled. The customer or the user of system can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF communications equipment 
(transmitters) and the system as recommended below, according to the maximum output power of the 
communications equipment. Portable and mobile radio communications equipment (e.g. two-way 
radio, cellular/ cordless telephones and similar equipment) should be used no closer to any part of this 
system, including cables, than determined according to the following method:

Test 
frequency
(MHz)

Band(MHz) Service Modulation Maximu
m power 
(W)

Distance
(m)

Immunity 
test level 
(V/m)

385 380 - 390 TETRA 400 Pulse 
modulation

18Hz

1.8 0.3 27

450 430 -470 GMRS 460

FRS 460

FM ±5 kHz

deviation 1 
kHz sine

2 0.3 28

710 704 - 787 LTE Band 13,17 Pulse 
modulation

217 Hz

0.2 0.3 9

745

780

810 800 - 960 GSM 800/900,

tetra 800,

iDEN 820,

CDMA 850,

LTE Band 5

Pulse 
modulation

18 Hz

2 0.3 28

870

930

1720 1700 -1990 GSM 1800,

CDMA 1900,

GSM 1900,

DECT,

LTE Band 1, 3, 
4, 25, UMTS

Pulse 
modulation

217 Hz

2 0.3 28

1845

1970

2450 2400 -2570 Bluetooth,

WLAN,

802.11 b/g/n,

RFID 2450, LTE 
Band 7

Pulse 
modulation

217 Hz

2 0.3 28
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5240 5100 -5800 WLAN,

802.11 a/n

Pulse 
modulation

217 Hz

0.2 0.3 9

5500

5785

Table  I-6 

RECOMMENDED SEPARATION DISTANCES BETWEEN PORTABLE AND MOBILE RF 
COMMUNICATION DEVICE AND THE SYSTEM

The system is intended for use in an electromagnetic environment in which radiated RF disturbance 
are controlled. The customer or the user of system can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF communication equipment 
(transmitters) and system as recommended below, according to the maximum output power of the 
communication equipment.

Rated 
Maximum 
Output power 
of Transmitter
(W)

Separation Distance According to Frequency of Transmitter

150kHz -80MHz
Out ISM and 
amateur radio 
bands
d=1.2

150kHz -80MHz
in ISM and 
amateur radio 
bands
d=2

80MHz-800MHz

d=1.2

800MHz-2.7GHz

d=2.3

0.01 0.12 0.2 0.12 0.23

0.1 0.38 0.64 0.38 0.73

1 1.2 2 1.2 2.3

10 3.8 6.4 3.8 7.3

100 12 20 12 23

Table  I-5 Test specifications and minimum distances

Recommended separation distances between portable and mobile RF communications
equipment and system

The system is intended for use in an electromagnetic environment in which radiated RF disturbances 
are controlled. The customer or the user of system can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF communications equipment 
(transmitters) and the system as recommended below, according to the maximum output power of the 
communications equipment. Portable and mobile radio communications equipment (e.g. two-way 
radio, cellular/ cordless telephones and similar equipment) should be used no closer to any part of this 
system, including cables, than determined according to the following method:

Test 
frequency
(MHz)

Band(MHz) Service Modulation Maximu
m power 
(W)

Distance
(m)

Immunity 
test level 
(V/m)

P P P P
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For transmitters at a maximum output power not listed above, the recommended separation distanced 
in meters (m) can be determined using the equation applicable to the frequency of the transmitter, 
where P is the maximum output power rating of the transmitter in watts (W) according to the 
transmitter manufacturer.

If system image distortion occurs, it may be necessary to position system further from sources of 

conducted RF noise or to install external power source filter to minimize RF noise to an acceptable 
level.

Note 1: At 80 MHz and 800 MHz, the higher frequency range applies.

Note 2: These guidelines may not apply in all situations. Electromagnetic propagation is affected by 
absorption and reflection from structures, objects and people.

Table  I-7 Cable sample

No. Name Cable length (m) Shield or not Remarks

1. Power input 2.5m Not shielded /

2. SIP/SOP < 3.0m Shielding /

3. ECG cable 4.0m Shielding /

4. ECG lead 1.0m Shielding /

5. Footswitch Cable 2.9m Shielding /

Table  I-6 

RECOMMENDED SEPARATION DISTANCES BETWEEN PORTABLE AND MOBILE RF 
COMMUNICATION DEVICE AND THE SYSTEM

The system is intended for use in an electromagnetic environment in which radiated RF disturbance 
are controlled. The customer or the user of system can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF communication equipment 
(transmitters) and system as recommended below, according to the maximum output power of the 
communication equipment.

Rated 
Maximum 
Output power 
of Transmitter
(W)

Separation Distance According to Frequency of Transmitter

150kHz -80MHz
Out ISM and 
amateur radio 
bands
d=1.2

150kHz -80MHz
in ISM and 
amateur radio 
bands
d=2

80MHz-800MHz

d=1.2

800MHz-2.7GHz

d=2.3P P P P
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Radio Regulatory Compliance

RF parameter

NOTE:

Keep a distance of at least 20 cm away from the monitor when Wi-Fi function is in use.

Features 2.4GHz 5GHz

Frequency Rage 2412MHz - 2483.5MHz 5.15 - 5.25GHz

5.25 - 5.35GHz

5.47 - 5.725GHz

5.725 - 5.850GHz

Modulation DSSS and OFDM OFDM

Output Power ≤20dBm
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K Acoustic Output

This section of the operator’s manual applies to the overall system including the main unit, probes,
accessories and peripherals. This section contains important safety information for operators of the
device, pertaining to acoustic output and how to control animal exposure through use of the ALARA
(as low as reasonably achievable) principle. Also this section contains information regarding the
acoustic output testing and the real-time output display.

Read this information carefully before using the system.

K.1 Concerns with Bioeffects

Diagnostic ultrasound is recognized as being safe. In fact, there have been no reports of injuries to
animals caused by diagnostic ultrasound.

It cannot be stated categorically that ultrasound is 100% safe. Studies have revealed that ultrasound
with extremely high intensity is harmful to body tissues.

Diagnostic ultrasound technology has made a great leap forward during the last several years. This
rapid advance has generated concerns about the potential risk of bioeffects when new applications or
diagnostic technologies become available.

K.2 Prudent Use Statement

Although there are no confirmed biological effects on animals caused by exposures from present
diagnostic ultrasound instruments, the possibility exists that such biological effects may be identified
in the future. Thus ultrasound should be used in a prudent manner to provide medical benefit to the
animal. High exposure levels and long exposure times should be avoided while acquiring necessary
clinical information.

K.3 ALARA Principle (As Low As Reasonably Achievable)

It is required to practice ALARA when using ultrasound energy. Practicing ALARA ensures that the
total energy level is controlled below a low enough level at which bioeffects are not generated while
diagnostic information is being accumulated. The total energy is controlled by output intensity and
total radiation time. The output intensity necessary for examinations differs depending on the animal
and the clinical case.
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Not all examinations can be performed with an extremely low level of acoustic energy. Controlling the
acoustic level at an extremely low level leads to low-quality images or insufficient Doppler signals,
adversely affecting the reliability of the diagnosis. However, increasing the acoustic power more than
necessary does not always contribute to an increase in quality of information required for diagnosis,
rather increasing the risk of generating bioeffects.

Users must take responsibility for the safety of animals and utilize ultrasound deliberately. Deliberate
use of ultrasound means that output power of ultrasound must be selected based on ALARA.

Additional information regarding the concept of ALARA and the possible bioeffects of Ultrasound is 

available in a document from the AIUM (American Institute of Ultrasound Medicine) title “Medical 
Ultrasound Safety”.

K.4 MI/TI Explanation

K.4.1 Basic Knowledge of MI and TI

Mechanical Bioeffect and Thermal Bioeffect

The relationship of various ultrasound output parameters (frequency, acoustic pressure and intensity, 
etc.) to bioeffects is not fully understood presently. It is recognized that two fundamental mechanisms 
may induce bioeffects. One is a thermal bioeffect with tissue absorption of ultrasound, and another one 
is a mechanical bioeffect based on cavitations. Thermal Index (TI) gives the relative index of 
temperature increase by thermal bioeffect, and Mechanical Index (MI) gives the relative index of 
mechanical bioeffect. TI and MI indices reflect instantaneous output conditions, so they DO NOT 
consider the cumulative effects of the total examination time. TI and MI models contain practical 
simplifications to complex bioeffects interaction. Then the operator should be aware that the actual 
worst case temperature rise may be up to several times higher than the displayed TI value.

MI (Mechanical Index)

The mechanical bioeffects are the result of compression and decompression of insonated tissues with 
the formation of micro bubbles that may be referred to as cavitations.

MI is an index that shows the possibility of the cavitations generation based on acoustic pressure, and 
the value in which the peak-rarefactional acoustic pressure is divided by the square root of the 
frequency. Therefore MI value becomes smaller when the frequency is higher or the peak- 
rarefactional acoustic pressure is lower, it becomes difficult to generate the cavitations.

CMI = 1 (MPa / )

For the frequency 1 MHz and the peak rarefactional acoustic pressure 1 MPa, MI becomes 1. It is
possible to think MI to be one threshold of the cavitations generation. Especially, it is important to keep
MI value to be low when both gases and the soft tissues exist together, for such as lung exposure in
cardiac scanning and bowel gas in abdominal scanning.

MHz
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TI (Thermal Index)

TI is determined by the ratio of the total acoustic power to the acoustic power required to raise the 

tissue temperature by 1 degree C. In addition, because the temperature rises is greatly different 

according to tissue structures, TI is divided three kinds: TIS (Soft-tissue Thermal Index), TIB (Bone 

Thermal Index) and TIC (Cranial-bone Thermal Index).

• TIS: Thermal index related to soft tissues, such as abdominal and cardiac applications.

• TIB: Thermal index for applications, such as fetal (second and third trimester) or neonatal 
cephalic (through the fontanel), in which the ultrasound beam passes through soft tissue and a 
focal region is in the immediate vicinity of bone.

• TIC: Thermal index for applications, such as pediatric and adult cranial applications, in which the 
ultrasound beam passes through bone near the beam entrance into the body.

Although the output power is automatically controlled for the selected applications, high TI values
should be kept to a minimum or avoided in obstetric applications. WFUMB (World Federation for
Ultrasound in Medicine and Biology) guidelines: state that temperature increase of 4 degree C for 5
min or more should be considered as potentially hazardous to embryonic and fetal tissue.

The smaller the MI/TI values, the lower the bioeffects. 

K.4.2 MI/TI Display
TI and MI values are displayed in the upper part of the screen in real-time. The operator
should monitor these index values during examinations and ensure that exposure time and
output values are maintained at the minimum amounts needed for effective diagnosis.

NOTE:

If there is a value of MI or TI exceeds 1.0, you must be careful to practice the ALARA principle.

The display precision is 0.1.

Real-time Display accuracy: MI within ± 28.5%, TI within ± 38.7%

K.5 Acoustic Power Setting

Acoustic power adjustment

Use the [A.power] to adjust the acoustic power percentage, and its value is displayed on the
corresponding item, as well as at the top of the screen. The greater the acoustic power percentage, the
greater the current acoustic output. When the image is frozen, the system stops transmitting acoustic
power. 

Default setting of acoustic power

Selection of diagnostic applications is the most important factor for controlling ultrasound output. The
permissible level of intensity of ultrasound differs depending on the region of interest. For fetal
examinations, in particular, much care must be exercised. 
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In this system, imaging setups can be created using the ultrasound output set by you. 

Once you perform preset settings, default setting values of the system may be changed and invalid. It is 
the user’s responsibility for any change to the default settings.

Adjusting range

Definition of 100%: The maximum acoustic power of a probe determined by the increase in probe 
surface temperature in the selected mode and the acoustic power restrictions specified by the FDA.

Default settings of acoustic power value refer to the best image quality of the probe. The larger the 
acoustic power value, the better the image quality.

In this product, to obtain optimum images for applications under the requirements of safety and 
ALARA principle, we set the factory default values of acoustic power in all exam modes for a better 
image quality. The user can make adjustments according to the imaging effect in practical use.

NOTE:

This system automatically returns to the settings whenever changes are made to the values (when
you turn on the power, switch between probes, end the exam, or select OK or Cancel in the Setup
menu). In the factory default settings, the Acoustic Output is limited below 100%. Following the
ALARA restriction, you are allowed to increase the acoustic power under FDA 510 (k)
Guidance-Track 3 limits and to set it in the image preset screen.

The acoustic output of the system has been measured and calculated in accordance with IEC 60601-2-
37: 2015, FDA 510(K) GUIDANCE, IEC 62359: 2017, Ultrasonics-Field characterization-Test 
methods for the deter mination of thermal and mechanical indices related to medical diagnostic 
ultrasonic fields.

K.6 Acoustic Power Control

The qualified operator may use the system controls to limit the ultrasound output and to adjust the
quality of the images. There are three categories of system controls relative to output. They are,

• Controls that have direct effect on the output

• Controls that indirectly control output

• Controls that are receiver controls

Direct controls

It is possible to control, if necessary, the acoustic output with the “A.power” item. In this case, the
maximum value of the acoustic output never exceeds an MI of 1.9 and an ISPTA.3 of 720 mW/cm2 in
any mode of operation.

Indirect controls

The controls that indirectly affect output are the many imaging parameters. These are operating modes,
frequency, focal point positions, overall depth, and PRF.
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The operating mode determines whether the ultrasound beam is scanning or non-scanning. Thermal
bioeffect is closely connected to M mode, Doppler and Color mode. Acoustic attenuation of tissue is
directly related to probe frequency. The focal point is related to active aperture of probe and beam
width. For the higher PRF (pulse repetition frequency), the more output pulses occur over a period of
time.

Receiver controls

The receiver controls (for example, gain, dynamic range, and image post-processing, etc.) won’t affect 
output. These controls should be used, when possible, to improve the image quality before using 
controls that directly or indirectly affect output.

K.7 Acoustic Output

K.7.1 Derated Ultrasonic Output Parameters

In order to determine the relevant Ultrasonic Output Parameters, a method is used which allows for the
comparison of ultrasound systems which operate at different frequencies and are focused at different
depths. This approach, called “derating” or “attenuating”, adjusts the acoustic output as measured in a
water tank to account for the effect of ultrasound propagation through tissue. By convention, a specific
average intensity attenuation value is used, which corresponds to a loss of 0.3 dB/cm/MHz. That is, the
intensity of ultrasound will be reduced by 0.3 dB/MHz for every centimeter of travel from the probe.
This can be expressed by the following equation:

Where Iatten is the attenuated intensity, Iwater is the intensity measured in a water tank (at distance z), fc
is the center frequency of the ultrasound wave (as measured in water), and z is the distance from the
probe. The equation for attenuating pressure values is similar except that the attenuation coefficient is
0.15 dB/cm/MHz, or one-half the intensity coefficient. The intensity coefficient is double the pressure
coefficient because intensity is proportional to the square of pressure.

Although the attenuation coefficient chosen, 0.3 dB/cm/MHz, is significantly lower than any specific
solid tissue in the body, this value was chosen to account for fetal examinations. In early trimester
ultrasound fetal examinations, there may be a significant fluid path between the probe and the fetus,
and the attenuation of fluid is very small. Therefore the attenuation coefficient was lowered to account
for this case.

K.7.2 Limits of Acoustic Output

In accordance with the FDA Track 3 requirements, the derating (or attenuated) approach was 
incorporated into the FDA Acoustic Output Limits, as listed below. The maximum acoustic output 
level from any probe in any operating mode is expected to fall below these limits.
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FDA Maximum Acoustic Output Limits for Track 3 (Attenuated Values)

K.7.3 Differences between Actual and Displayed MI and TI

In operation, the system will display to the operator the Acoustic Output Parameters Thermal Index, 
TI, or Mechanical Index, MI (or sometimes both parameters simultaneously). These parameters were 
developed as general indicators of risk from either thermal or mechanical action of the ultrasound 
wave. They serve to indicate to the operator whether a particular setting of the system increases or 
decreases the possibility of Thermal or Mechanical effect. More specifically, they were designed to 
assist in the implementation of the ALARA principle. As an operator changes a given system control, 
the potential effect of the change in output will be indicated. However, the Thermal Index is not the 
same as temperature rise in the body, for several reasons. First of all, in order to provide a single 
display index to you, a number of simplifying assumptions had to be made. The biggest assumption 
was the use of the attenuating formula described above, which is much lower than the actual value for 
most tissues within the body. Scanning through muscle or organ tissue, for example, will produce much 
higher attenuation than 0.3 dB/cm/MHz. There were also significant simplifications made for the 
thermal properties of tissue. Therefore, scanning through highly perfused tissue, such as the heart or 
vasculature, will produce significantly less thermal effect than that suggested by the Thermal Index. 

Similarly, the Mechanical Index was derived to indicate the relative possibility of mechanical
(cavitation) effects. The MI is based on the derated peak-rarefactional pressure and the center
frequency of the ultrasound wave. The actual peak-rarefactional pressure is affected by the actual
attenuation caused by tissue in the path between the probe and the focal point. Again, all solid tissues
within the body have higher attenuation than the proscribed 0.3 dB/cm/MHz value, and therefore, the
actual peak-rarefactional pressure will be lower. Further, the actual peak-rarefactional pressure will
change depending upon the region of the body being scanned.

For these reasons, the TI and MI displays should only be used to assist the operator in implementing
ALARA at the time of the animal examination.

K.8 References for Acoustic Power and Safety
• “Bioeffects and Safety of Diagnostic Ultrasound” issued by AIUM in 1993

• “Medical Ultrasound Safety” issued by AIUM in 1994

• Marketing Clearance of Diagnostic Ultrasound Systems and Transducers, June 27, 2019. Center 
for Devices and Radiological Health.

• Medical electrical equipment-Part 2-37: Particular requirements for the basic safety and essential 
performance of ultrasonic medical diagnostic and monitoring equipment issued by IEC in 2015

• IEC 62359, Ultrasonics-Field characterization-Test methods for the determination of thermal and 
mechanical indices related to medical diagnostic ultrasonic fields, 2017.

Application: 

Regions (except eyes)

Ispta.3 (mW/cm2) ≤ 720 Isppa.3 (W/cm2) ≤ 190 or MI ≤ 1.9

Application: Ophthalmic Ispta.3 (mW/cm2) ≤ 50 MI≤ 0.23
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