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Introduction
Device Description
The NovaSignal Lucid™ TCD 2.0 (REF: NA-LUCM1) is an adjunctive portable, non-invasive,
non-ionizing radiation, point-of-care Transcranial Doppler (TCD) ultrasound system. It is
designed to non-invasively measure and display cerebral blood flow velocities and detect
emboli within the arteries of the head and neck.
Reusable, non-sterile, 2-MHz probes can be configured as a handheld probe for unilateral
applications or as monitoring probes in a headframe for bilateral monitoring.

Lucid™ TCD 2.0
The Lucid™ TCD 2.0 can be configured as a one or two channel ultrasound system with
customizable application software. It can be used as a portable, standalone system, or it can
be mounted on an adjustable height TCD cart.
Power M-mode provides a unique method of detecting emboli and is used to reliably define
the location of cerebral arteries. The velocity spectrogram incorporates artifact filtering to
provide an accurate velocity display with exceptional envelope tracking.
The Lucid™ TCD 2.0 interfaces with healthcare facility worklists to pull patient orders for TCD
exams. TCD reports can be saved as PDF files with the unique feature of including
embedded MP4 video segments. Reports and exam data can be uploaded to the NovaView™
Cloud application where it can be viewed securely through the interactive web-based
application or the mobile application (see DC-01792 NovaView Quick Start Guide for more
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details). Reports can also be DICOM encrypted and sent to a PACS. The Lucid™ TCD 2.0 has
been designed to provide operators and physicians with an intuitive, easy to use TCD system
for all TCD applications.

Intended Users
The Lucid™ TCD 2.0 is intended to be used by operators or physicians qualified by education
or training in the use of Doppler ultrasound. It is intended to be used in hospitals, clinics, or
physician offices by prescription or by order of a physician trained in the use and
interpretation of TCD Ultrasound.
US Federal Law restricts this device to use by or on the order of a physician.

Indications for Use
The Lucid™ TCD 2.0 is a medical ultrasound system intended for use as an adjunct to the
standard clinical practices for measuring and displaying cerebral blood flow velocity within
the major conducting arteries of the head and neck. Additionally, the Lucid™ TCD 2.0
measures the occurrence of transient emboli signals within the blood stream.
The device is not intended to replace other means of evaluating vital patient physiological
processes, is not intended to be used in fetal applications, and is not intended to be used
inside the sterile ﬁeld.

Intended Use
The Lucid™ TCD 2.0 is intended to be used during diagnostic exams and surgical
interventions as an adjunct to the standard clinical practices for measuring and displaying
cerebral blood flow velocity within the major conducting arteries of the head and neck.
Cerebral blood flow velocity within these arteries is visualized using non-invasive pulsed
transcranial Doppler ultrasound (TCD). This includes, but is not limited to, insonation of the
middle, anterior and posterior cerebral arteries via the temporal windows, the vertebral and
basilar arteries via the foramen magnum, and the ophthalmic arteries and internal carotid
artery siphons via the patient’s transorbital windows.
TCD is a common tool for the visualization of cerebral blood flow velocity and the detection
of emboli which present as High-Intensity Transient Signals (HITS) in the display of the TCD
blood flow.
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The Lucid™ TCD 2.0 is not indicated for the diagnosis of COVID-19. However, it is intended to
be used as a diagnostic tool in the screening of patients both affected and not affected by
the disease. The Lucid™ TCD 2.0 does not predict the outcome and/or response to
treatment for COVID-19 patients nor does the use of the device confer a specific benefit to
them.

Contraindications
This device is not intended to be used in fetal applications.
This device is not intended to be used inside the sterile field.

How to Use this Manual
This manual is intended to be a user reference for the use of the Lucid™ TCD 2.0. It is
intended to help the user operate the system. To avoid any operating errors please read
these instructions carefully before using the device.
The user manual should always be kept near the device so that the user can reference it
quickly whenever required.
This manual provides a description of the device, technical information, and other important
notes regarding the use of the device.

Conventions used in this Manual
Throughout this manual, the following conventions will be utilized:

Caution indicates a potentially hazardous situation that may result in minor or
moderate injury to the patient or operator or damage to the system.

Precaution indicates action(s) that a patient or operator can initiate in order to
prevent injury to a patient or operator or damage to the system.

WARNING indicates a significant problem that may lead to serious injury or
death to the patient or user or may cause damage to the Lucid™ TCD 2.0.
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Symbols
Symbol

Description
Caution or Precaution

WARNING

CE Mark

Direct current
Alternating current
Separate collection for electrical and
electronic equipment (WEEE Symbol)
Equipotential ground

Headphone

Manufacturer

DC power connection
Refer to instruction manual
Consult instructions for use
Prescription Only
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Symbol

Description
Remote Control
USB 2.0 or USB 3.0 that is backwardscompatible to USB 2.0
B-type Applied Parts
Catalog number
Serial number
Lot Number
Authorized representative in the
European Community
Fragile, handle with care

Keep dry
Temperature limit (See Technical
Information)
Humidity limits (See Technical
Information)
Atmospheric pressure limits (See
Technical Information)

On/Off Push button
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Symbol

Description
Protective Earth Terminals

For indoor use only

Cart Tipping Hazard

Video Output (HDMI)

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
11

Overview
Physical Description
Front View

This Front View of the Lucid™ TCD 2.0 shows the following:
•

Touchscreen Display

•

Transducer Connectors 1 & 2

•

Remote Connector
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Right Side View

Left Side View

The Left-Side View of the Lucid™ TCD 2.0 shows the following:
•

Power Button

•

Four USB ports
•

One is labeled for connection to PACS

•

One is labeled for connection to NovaBot™

•

One audio output jack

•

One HDMI port (not available on all versions)

The Right-Side View of the Lucid™ TCD 2.0 does not have any connecting ports.
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Rear View

This Rear View of the Lucid™ TCD 2.0 shows the following:
•

DC power input

•

Equipotential Connection location (Equipotential plug and cable
assembly is not included with the Lucid™ TCD 2.0 and must be supplied
separately)

•

VESA mounting location
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•
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This Rear View shows the rear stand
in the fully collapsed position.

Remote Control
The NovaSignal Lucid™ TCD 2.0 Remote Accessory NA-ACC2 is an accessory device designed
to replicate the touch screen interface for commonly used commands during Lucid™ TCD
exams.

Up
Left

Right
Capture

Down

1

2

3

1. Depth
2. Gain
3. Baseline
4. Power
5. Sample Volume
6. Scale

4

5

6

Volume

Remote Control Diagram
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Cart
The Cart accessory (NA-ACC3) can be configured to mount either the NovaSignal Lucid™ TCD
2.0 or an External Monitor on the adjustable pole VESA mount. If the External Monitor is
mounted on the adjustable pole, the Mounting Accessories Kit (NA-ACC9) should be used to
mount the Lucid™ TCD 2.0 to the back of the cart.

Mounting instructions: Lucid™ TCD 2.0 only

Note: Cable management hooks are currently
available for configurations of NA-ACC3 outside of
the USA.

Remove the four (4) bolts from the Lucid™ TCD 2.0
VESA cover; place the four (4) bolts aside. Leaving
the VESA cover in place, mount the Lucid™ TCD 2.0
onto the Cart’s adjustable pole VESA Mount using
the four (4) bolts from the previous step. Verify the
Lucid™ TCD 2.0 is firmly seated on the VESA mount
and all four (4) bolts are securely installed. Adjust
the height of the adjustable pole as needed.
Reference the manufacturer’s instructions that
come with the Cart.

Connect the transducers, remote and AC adapter as instructed in this manual. The keyboard
and mouse may be installed by connecting them to the USB ports located on the side of the
system. Place the keyboard and mouse on the Cart tray. Adjust the height as needed.
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Mounting instructions: External Monitor + Lucid™ TCD 2.0

Mount the monitor on the adjustable pole by aligning the External
Monitor mounting holes with the VESA mount holes. Install using four
M4x10mm bolts (provided with cart).

To mount the Lucid™ TCD 2.0 on the back of the cart pole, install the Rear VESA Mount Kit
approximately 5 inches below the top cap. Reference the manufacturer’s instructions
(included in the Rear VESA Mount Kit). Install the quick release plate on the Rear VESA mount
using 4 x M4 (6mm) bolts.

Remove the four (4) bolts from the Lucid™ TCD 2.0 VESA cover; place the four (4) bolts aside.
Leaving the VESA cover in place, use the four (4) bolts to mount the quick release adaptor
plate (30-00321) to the back of the Lucid™ TCD 2.0. Use the four (4) M4 x 6mm bolts to
install the quick release mount to the back of the adaptor plate. Verify the Lucid™ TCD 2.0 is
firmly seated on the VESA mount and all four (4) bolts are securely installed. Slide the system
into the installed quick release plate.
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Slide the Lucid™ TCD 2.0 on to the Quick Release Plate
Connect the transducers, remote and AC adapter as instructed in this manual. The keyboard
and mouse may be installed by connecting them to the USB ports located on the side of the
system. Place the keyboard and mouse on the Cart tray. Adjust the height as needed.
Connect the external monitor to the Lucid™ TCD 2.0 using the HDMI cable provided in the
Lucid™ Cart Mounting Accessories Box (NA-ACC9).

The External Monitor and Lucid™ TCD 2.0 are only compatible with the HDMI cable
provided in the Lucid™ Cart Mounting Accessories Box. Other HDMI cables should not be
used with the system.

Quick Start
Hardware Setup
1-A

Option 1: Lucid™ TCD 2.0 has an internal battery.

1-B

Option 2: Connect the AC cord to the AC adapter and connect to Lucid™ TCD 2.0.

2. Connect the remote control, probe(s), keyboard and mouse.
3. Power on System.

Login
Log in as either a user or an administrator.

Perform TCD Exam (Without Worklist)
1. From the Home Page, Select “New Patient” or “Patient Search”.
a. For New Patient, enter all information on the Patient Setup screen and select
“Save”.
b. For Patient Search, enter information to search for patient, highlight patient
name, select “Open Patient”. On Patient Records screen, select
“Begin/Resume”.
2. From the Exam Procedures page, select the desired exam.
3. If the selected exam has protocol options, select the desired protocol.
4. Use the M-mode display to locate the desired vessel.
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5. Adjust the depth in the M-mode to display the velocity spectrogram.
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Perform TCD Exam (With Worklist)
1. From the Home Page,
a. For Worklist, Select the desired patient and select “Begin/Resume”.

b. For New Patient, enter all information on the Patient Setup screen and select
“Save”.

Note: If an Accession number is entered that corresponds with that of a
patient in the Worklist, the patient will automatically be associated with their
Accession number in Worklist.
c. For Patient Search, enter information to search for a patient, highlight patient
name, select “Open Patient”. On Patient Records screen, select
“Begin/Resume”.
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2. From the Exam Procedures page, select the desired exam.
3. If the selected exam has protocol options, select the desired protocol.
4. Use the M-mode display to locate the desired vessel.
5. Adjust the depth in the M-mode to display the velocity spectrogram.

Diagnostic Exams (Complete & Limited)
1. Take snapshots to capture velocities at different depths.
2. Use the vessel arrow on the screen or the up/down arrows on the remote to change
vessels.
3. After all desired vessels are interrogated and snapshots of the highest velocities
taken, select “Exit Exam” and “Exit and Review Exam”
4. The display will advance to Exam Review: Snapshots.
5. Use the snapshot fly out to display the list of snapshots.
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6. Select the desired snapshots and videos to be included in the report. Note: To select
all snapshots or to select all videos, select the checkmark at the top of the associated
column.
7. Select Next to advance to Exam Review: Report.
8. Enter the Accession # and Blood Pressure.
9. Enter the Referring Provider, Indications, and Technique/Description.
10. Add report notes.
11. Select Save to save information that was entered.
12. Select Generate Report to preview the report.
13. Select Export to export the report via the following options:
a. USB
b. PACS
c. Network Drive
d. Print

Monitoring Exams (Monitoring, VMR, Bubble & Emboli)
1. After the vessels to be monitored are located, select Start Exam.
2. Select the desired channel on the screen or select the side arrows on the remote to
adjust TCD parameters for each channel.
3. If performing a VMR exam, select “Start Exam”, and select the predefined events to
step through the exam.
4. User events can be added for all other monitoring exams.
5. The M-mode can be toggled with a velocity trend plot for Monitoring, VMR, Bubble,
and Emboli exams.
6. Snapshots can be taken to capture specific events in Monitoring and Bubble Study.
Note: In a Bubble Study, a snapshot must be taken before exiting the exam so the
exam can be saved.
7. Once the final pre-defined event is selected for a VMR exam, the display will
automatically advance to Exam Review: VMR.
8. For all other exams when the exam is completed select “Exit Exam”. The display will
advance to Exam Review: Snapshots.
9. Use the snapshot flyout to select any snapshots, user events or videos to be included
in the report.
10. Select “Replay Exam” to display the recording of the exam. Note: This feature is not
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available for VMR exams.
11. Select the back arrow to return to the Exam Review: Snapshots page.
12. Select “Next” to enter report data.
13. Select “Generate Report” to preview the report.
14. Select Export to export report via the following options:
a. USB
b. PACS
c. Network Drive
d. Print

System Setup
Hardware
•

Unfold the rear stand. Position in a comfortable viewing position.

•

Connect the DC power cord from the AC adapter to the DC input of the Lucid™ TCD
2.0.

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
24

•

Connect the AC cordset to the AC adapter and to a standard AC power outlet.
Use the AC adapter supplied with the Lucid™ TCD 2.0. For AC adapter information,
please refer to the Technical Information section of this user manual.

•

Plug the transducer(s) connector/s
into the front panel.

•

Plug the Remote Control into the port on the front panel.
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•

Plug the keyboard and mouse into the
USB ports on the side panel.

•

Press the power button on the left side of the system to power on.
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Initial Login
The first time the device is used, an individual designated as an administrator should log in
using the following User ID and Password:
•
•

Default username: admin
Default password: password

The user will then be asked to change the password. This new password will be the primary
administrator’s password.

Display Options
There are four options for the Exam Layout. Select the preferred option:
1.
2.
3.
4.

Spectrogram on the top, M-mode on the bottom,
M-mode on the top, spectrogram on the bottom,
Spectrogram only, or
M-mode only

Settings – Exam – Layout Preferences – Exam Layout
Select the preferred M-mode option:
1. Box un-checked: Y-axis increasing in value, or
2. Box checked: Y-axis decreasing in value
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Settings – Exam – Layout Preferences – Invert M-Mode
Select the preferred Color-Map option for the Spectrogram:

Settings – Exam – Color Preferences – Spectrogram
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Report Heading
A header for reports can be created as a portable network graphic (PNG) and entered at:

Settings – Regional – Logo Image File

Custom Protocols
Protocols can be customized for Complete and Limited exams. Users can select the desired
vessel sequence for the exam, define the starting depth and power for each vessel.

Settings – Custom Protocol Admin – Add
Choose a unique name for the protocol and choose whether it is for a Complete or Limited
exam. Selecting “Add” will display a vessel option box and selecting the down arrow will
display the entire vessel list. Select the vessel, then choose the starting depth and power.
(Default depth for all vessels is 50 mm. Default power is 80% for all high-power vessels and
10% for low-power vessels).
Continue the sequence to complete the protocol, then select “Save”.

Use caution when deleting custom protocols. Any completed exams with that custom
protocol will be deleted with the deletion of the protocol.

PACS
To set up communication with a PACS, go to:

Settings – DICOM
On this screen, the Server Address, Port ID, Remote AE and Local AE can be entered. Select
Test Connection, to ensure a proper connection.

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
29

Connection of the Lucid™ TCD 2.0 to an IT-network that includes other equipment
could result in previously unidentified risks to patients, operators or third parties.
Healthcare facilities should identify, analyze, evaluate and control these risks. Subsequent
changes to the IT-network could introduce new risks and require additional analysis.
Changes to the IT-network include changes in the IT-network configuration, connection of
additional items to the IT-network, disconnecting items from the IT-network, update of
equipment connected to the IT-network, and upgrade of equipment connected to the ITnetwork.

Worklist
To set up communication with Worklist, go to:

Settings – DICOM
On this screen, the Server Address, Port ID, Remote AE and Local AE can be entered. Select
Test Connection, to ensure a proper connection.

Connection of the Lucid™ TCD 2.0 to an IT-network that includes other equipment
could result in previously unidentified risks to patients, operators or third parties.
Healthcare facilities should identify, analyze, evaluate and control these risks. Subsequent
changes to the IT-network could introduce new risks and require additional analysis.
Changes to the IT-network include changes in the IT-network configuration, connection of
additional items to the IT-network, disconnecting items from the IT-network, update of
Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
30

equipment connected to the IT-network, and upgrade of equipment connected to the ITnetwork.

NovaView (Cloud Application)
NovaView is a cloud application that provides secure, remote access to dynamic exam data
from Lucid TCD. Users can securely transport data from Lucid TCD to NovaView during exam
export. NovaView has multiple layers of security to ensure exam data is transferred, stored,
and viewed securely. Transferred data can be viewed on the interactive web-based
application which can be accessed from mobile devices and computers.
To set up communication with NovaView, go to:

Settings – NovaView
On this screen, the Server Address can be entered. Select Test Connection, to ensure a
proper connection.

For Upload Options:
Select Export to USB to export data to a USB for subsequent upload to NovaView.
Select Direct to Cloud to export data straight to the associated NovaView Server Address.
See the NovaView Quick Start Guide (DC-01729) for more details on how to operate
NovaView.
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Turning Off the System
Press the power button on the left side of the system for at least 5 seconds.

Transport
The Lucid™ TCD 2.0 is designed to be a portable system that can be hand-carried or
transported on a mobile cart.
1. Turn off the system by following the procedure described in the Turning Off the
System section.
2. Unplug the DC power connector from the back of the system; carefully unplug the AC
adapter from the AC power outlet.
3. The Rear Stand may be folded for easier handling (see Rear View in the Physical
Description section of this manual).
4. The system can be carried or transported on a mobile cart to the desired destination.
5. Follow the procedure described in the Setup section.
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Users
New User
New users can only be added by an Administrator.
•

From Home screen, select Settings.

•

Select the “User” tab.

•

Select the “Manage Users” button.

•

Select “New”.

•

Enter the User First Name, Last Name, Login Name, Password.

•

Select “Create”.

Edit User
When the User information needs to be corrected or updated perform the following steps:
•

Select the User to be edited.

•

Select “Open Patient”.

•

Update the appropriate information.

•

Select “Save”.

Delete User
When it is desired to Delete a User perform the following steps:
•

Select the User to be deleted.

•

Select the “Delete” button.

•

Select “Yes” to confirm user deletion.
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Forgot Password
If a user or administrator forgets their password, selecting the “Forgot Password” link on the
Login page will bring up a pop-up with password reset instructions.
•

Users should contact their Administrator to Edit a User.

•

Administrators will need to contact NovaSignal Customer Service to arrange a service
visit.
o

Phone: 877-638-7251 ext. 3 or 310-819-1676 ext. 3

o

Email: support@novasignal.com
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Patient Information
Patient Search
The Patient Search screen allows searching for Patient Exam Records stored on the Lucid™
TCD 2.0. Patient Exam Records can be searched for using various fields:
•

First Name, Last Name

•

Patient ID/MRN

•

Gender

•

Date of Birth

•

Exams (Scheduled, Performed, Exported)

•

Date (Today or past 1, 7, 30 days)

Each field is active so that searches begin upon entry of data. For example, when typing in a
Patient’s First Name, the system will search on the first letter entered, then the second until
entry of the first name is complete.
The search fields can be corrected, and the search results will be updated automatically. To
see all listings in a field, simply delete all items entered in a field. For Gender, the Female or
Male buttons can be selected. To display both Female and Male Patient Exam Records, select
the selected button once more to clear the selection.

New Patient
To enter information for a New Patient, select the “New” button on the Patient Search
screen. The system will navigate to the Patient Setup screen. Enter the desired patient
information. Note that the fields with the red “*” must be filled out. Select “Save” to continue.

Delete Patient
To delete a Patient Exam Record, select the Patient and select the “Delete” button. Select
“Yes” to confirm the deletion. Please note that all Exam Records associated with the
Patient will be deleted, including all reports.
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Exam Screens
Unilateral Exam Screen
TIC

Thermal index (for cranial
bone) – This is an estimate
of a rise in bone
temperature due to
acoustic power. If the TIC
exceeds 2.5, the TCD will
turn off

Exam Type

The icon indicates the
type of exam

Vessel and
Depth

Digital Streaming

Volume

This is a 4-way
volume toggle

Battery Status
Home Page

The icon returns
the display to
the Home Page

Clock
Exam
Timer

The running
time of the
exam is
shown here
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Lock Screen

In the event of
an interrupted
exam, this icon
will lock the
screen until the
user returns

Bilateral Exam Screen
User Events

When this icon is
present, the user
can add events
notes during an
exam

Probe
Power
Indicator

The probe
icons indicate
that the
probe is
active. The
icon will be
greyed out if
the probe is
inactive.

Active Channel

The “active” channel
is highlighted and the
TCD parameters for
this channel can be
adjusted

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
37

M-mode/Velocity Trend
Toggle

When this icon is present, the Mmode display can be toggled to
display velocity trend lines

M-Mode Display

The M-Mode display shows the direction and intensity of the blood flow velocity for the
corresponding depth range. Red indicates blood flow toward the insonating transducer
probe. Blue indicates blood flow velocity away from the insonating transducer probe.
Brighter colors indicate greater intensity of the signal. The sample depth is displayed as a
horizontal line on the M-Mode graph.

Spectrogram Display

The spectrogram display shows the Doppler spectral waveform of the blood flow velocity at
the sampled depth.
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Velocity Displays

During diagnostic exams, four velocity measurements and calculations are displayed. During
monitoring exams, two are displayed for each channel.
The display order is configurable. Select each box to show the options and select the
measurement/calculation to be displayed in that location.
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Scanning Controls
Acoustic Power

Power On/Off
The Acoustic Power ON/OFF control toggles the ultrasound energy ON or OFF. When the
ultrasound energy is ON, the spectrogram and M-mode will actively display data. When the
ultrasound energy if OFF, the spectrogram and M-mode will stop displaying data.

Power Adjustment

The Power control sets the acoustic power. The power is adjustable from 0 to 100% in
increments of 10%. This can be adjusted from the screen or from the remote control. When
the power icon on the screen or the power button on the remote is selected, the power
adjustment scale appears on the screen.
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After the power adjustment is made the adjustment window can be closed by selecting the
power icon again or by selecting the

button.

Gain

The Gain control adjusts the intensity of the spectrogram display. The gain is adjustable
from 0 to 100 in increments of 10 and 1. This can be adjusted from the screen or from the
remote control. When the gain icon on the screen or the gain button on the remote is
selected, the gain adjustment scale appears on the screen.
After the gain adjustment is made the adjustment window can be closed by selecting the
gain icon again or by selecting the

button.
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Filter

The Filter control adjusts the low-pass filter frequency. For signals that have low frequency
noise, the filter can be adjusted to screen out that noise. This can be adjusted from the
screen by selecting the filter icon. Once selected, the filter adjustment scale appears on the
screen.
After the filter adjustment is made the adjustment window can be closed by selecting the
filter icon again or by selecting the

button.

There is no Filter button on the remote.

Sample Volume
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The Sample Volume adjusts the volume of space centered at the Depth setting where the
spectrogram is produced. This can be adjusted from the screen or from the remote control.
When the sample volume icon on the screen or the sample volume button on the remote is
selected, the sample volume adjustment scale appears on the screen.
After the sample volume adjustment is made the adjustment window can be closed by
selecting the sample volume icon again or by selecting the

button.

Scale

The Scale adjusts the spectrogram vertical axis for cerebral blood flow velocity. When the
Scale button is selected on the screen or remote, the vertical axis of the spectrogram display
can be adjusted to capture the full velocity envelope and spectrogram on the display.
After the scale adjustment is made the adjustment window can be closed by selecting the
scale icon again or by selecting the

button.
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Sweep Speed

The Sweep Speed is used to adjust the horizontal axis of the spectrogram and M-mode
display and can be used to capture the desired spectrogram waveforms.
The Sweep speed can be toggled from 4, 8 and 12 seconds.

Depth

The Depth setting adjusts the depth or distance away from the probe (in mm) at which the
velocity spectrogram is produced.
The depth box on the M-mode display can be dragged up and down to change the depth.
From the remote, the depth is changed by using the depth button.
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Baseline

The Baseline adjustment is used to adjust the 0 cm/s line (baseline) on the vertical axis. This
can be moved up or down to capture the entire spectral waveform.
The baseline box on the spectrogram can be dragged up or down to adjust the baseline
position.
From the remote, the baseline position is changed by using the Baseline button.
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Vessel Label

During an exam, the vessel label is displayed at the top of the screen and above the
snapshot review box. Select the up/down arrows on the screen or on the remote to
advance to the next vessel in an exam protocol or to return to a previous label.

The entire list of vessels included in an exam protocol can be viewed by selecting and
holding the down button on the vessel label box. This can be used to select a vessel that is
out of sequence.
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Envelope

The Envelope icon is used to toggle the envelope between + Flow, - Flow, or Auto. When on
Auto, the envelope position is linked to the expected direction of flow for each vessel.
Select the envelope icon on the screen to change the envelope position.

Select the Envelope On button to toggle the envelope ON/OFF.
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Baseline Shift

When the Envelope is set to Auto, the spectrogram baseline will shift slightly down for
vessels where normal flow is expected to be toward the probe and shift slightly up when
flow is expected to be away from the probe. This provides additional room for the
spectrogram without aliasing.
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Snapshots

Select the blue snapshot icon on the screen or the snapshot icon on the remote to take a
snapshot of the screen. The Snapshot feature captures a video clip of the M-mode and
spectrogram.
If a snapshot is selected for a report, the velocity data will be included on the first page of a
diagnostic report. The snapshot can be saved as a still image as well as an MP4 video. If
desired, these images and videos can also be included in reports.

The last 9 snapshots taken during a diagnostic exam are displayed in the snapshot review
box. The vessel name, depth and mean velocity are shown for each snapshot.
The snapshot can be selected to be included in the report directly from the exam screen by
checking the box to the left of the snapshot.
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Snapshots can be included in the report by checking the “Include Snapshot Images” check
box on the “Exam” tab in Settings. When checked, Snapshots are printed in the report.

Screen Freeze
Select and
Hold

To freeze the screen to enable snapshot annotation or manual velocity measurements
during an exam, select the green freeze icon on the screen or select and hold the snapshot
icon on the remote. Note: During screen freeze, the acoustic output is automatically turned
OFF.
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Select the “Notes” button on the screen to add notes to your snapshot. Select the “+” button
to add additional notes.
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Changes can be made to the Baseline and Gain if desired. To restore the snapshot to its
original state, select the “Restore” button.

When the envelope is ON, the Mean Velocity is calculated by averaging the velocities from
spectrogram data. When the envelope is turned off and manual cursors are used to
measure the Max and Min Velocities, the Mean Velocity is estimated using the following
formula:
(1/3*Max) + (2/3*Min) = Mean Velocity
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Screenshots

Full screen screenshots are taken every time a snapshot is taken. A Screenshot taken during
a unilateral exam will show the single channel. A Screenshot taken during a bilateral exam
will show both channels. A Screenshot differs from a Screen Freeze or Snapshot in that a
Screenshot cannot be edited or annotated. Screenshots can be included in the report by
checking the “Include Screenshot Images” check box on the “Exam” tab in Settings. When
checked, Screenshots are printed two per page in the report.
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Exams and Reports
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The Exam Procedures Screen can be accessed directly from the Home Page by selecting
“Run” or from the Patient Records screen by selecting “Begin / Resume” as seen above. If an
exam is started from the Home Page, the patient will be assigned after the exam is
completed. From the Patient Records page, the patient is assigned to the exam from the
start.
The Exam Procedures Screen is organized by row. The top row includes the Diagnostic
Exams, the bottom row includes the Monitoring Exams.

Diagnostic Exams

WARNING
Do not exceed 10% power through the eye or foramen magnum.

This section describes Diagnostic exams in general, which includes exams on the top row of
the Exam Procedures screen (Complete and Limited). Functions specific to Complete or
Limited exams are described in separate sections.
Diagnostic Exams are intended to be performed unilaterally with a hand-held probe.
1. Scanning controls can be adjusted to optimize the M-mode and spectrogram
displays.
2. A red “flow band” in the M-mode display indicates blood flowing toward the probe
and blue band indicates flow away from the probe.
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3. Placement of the M-mode depth cursor in a flow band will display the spectrogram at
a specific point in a blood vessel. (depth)
4. Operators skilled in performing Transcranial Doppler exams will use the M-mode,
angle of insonation, depth, waveform and sound to identify specific vessels.
5. Protocols can be used to step through vessels in a specified sequence or vessels can
be located randomly.
6. Vessels can be labeled using the vessel labelling controls.
7. Vessels can be interrogated in 1 mm depth increments.
8. An envelope will trace the spectrogram and the Maximum (Peak Systolic) and
Minimum (End Diastolic) velocities will be measured from the envelope. The Mean
Velocity and Pulsatility Index (PI) are calculated from the measurements.
9. If the signal is weak and increasing the gain does not make the envelope track the
spectrogram properly, the screen can be “Frozen” (See Scanning Controls) to remove
the envelope and manually measure the Max and Min velocities.
10. Snapshots are used to capture velocities at different depths. When a snapshot is
taken, the average Max, Min and Mean velocities, a static image of the 4 second
spectrogram and if selected, an MP4 video will all be saved. Note, screenshots display
max, min, and mean velocities at the time of the capture; therefore, are not
averaged.
11. Diagnostic reports are based on selected snapshots and there is no limit to the
number of snapshots that can be taken in an exam.
12. During a diagnostic exam, the snapshot review displays the last 9 snapshots, the
vessel label, depth and mean velocity.
13. Snapshots can be selected for the report from the exam screen by checking the box
to the left of a snapshot.
14. When a Diagnostic Exam is completed, the “Exit Exam” button is used to end the
exam and advance to the Exam Review page.
15. In the Exam Review: Snapshots page, all snapshots taken during the exam are listed
on the left side of the page and the snapshot “flyout” will display the list.
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16. From this screen, snapshots can be replayed, marked for inclusion in the report,
saved as an MP4 video to be included in the PDF report, annotated, edited or deleted.
17. When all snapshots have been selected for the report, select the “Next” button to
advance to the Exam Review: Report page.
18. The patient name, medical record number, date of birth, exam date, exam type and
operator’s name is already entered. The accession #, blood pressure, referring
provider, indications, notes and technique/description should be entered on this
screen.
19. Use the “Save” button to save any notes. If desired, the operator can return to this
screen again to edit notes and generate the report.
20. When all desired information has been entered, use the “Generate Report” button to
preview the report.
21. The first page of each report will always be compiled. The spectrogram graphics will
be included in subsequent pages if the “Include Snapshot Images” and “Include
Screenshot Images” boxes are checked in Settings – “Exam” tab.
22. After previewing the report, the report can be printed and/or exported directly from
this page. Select Export to export the report via the following options:
•

USB

•

PACS

•

Network Drive

•

Print

23. To export a report after navigating away from the Patient Report screen, first
navigate to the Home Page. Select Patient Search, select the desired patient, select
Open, select the desired Exam, and use the Export drop down to export the report.
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Complete Exam
1. The Complete exam is intended to be used to measure velocities in multiple vessels
at multiple depths.
2. A factory set protocol is pre-loaded for a Complete exam. This protocol includes
vessel and depth sequencing for the major cerebral arteries. If no custom protocols
have been added, the exam screen will open immediately upon selection of the
Complete Exam.
3. If custom protocols have been added, the protocol list will be displayed, and the user
must select the protocol to be used.
4. A Complete report is generated from snapshots taken during the exam.

Lindegaard Ratio
The Lindegaard Ratio is defined as the Mean Velocity of the Middle Cerebral Artery divided
by the Mean Velocity of the ipsilateral extracranial Internal Carotid Artery (EICA). Since the
Lucid™ TCD 2.0 is not intended to insonate extracranial vessels, the EICA is not included in
the vessel list. Therefore, the Lindegaard Ratio is calculated using the Mean Velocity of the
Middle Cerebral Artery divided by the Mean Velocity of the ipsilateral Intracranial Internal
Carotid Artery.
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Complete Report
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Limited Exam
1. The Limited Exam is intended to be used to monitor daily velocity changes in cerebral
arteries to detect vasospasm.
2. A factory set protocol named “Limited” is pre-loaded for the Limited Exam. The right
and left MCA, the right and left ICA and the Basilar arteries are included in this
protocol. Graphs will be generated for the vessel pairs and the Basilar Artery.
3. If additional vessel pairs are desired, a custom protocol can be generated to plot
velocity changes in other vessels.
4. When a protocol is selected for a patient, it should remain constant for the duration
of the monitoring.
5. Snapshots should be taken in the usual manner and the software will select the
snapshot with the highest mean velocity for each vessel, for each day.
6. Each data point will be plotted daily for up to 14 days.
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Limited Report
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Monitoring Exams
WARNING
When using the NovaSignal Lucid™ TCD 2.0, the principles of ALARA should be followed at all
times.
This section describes Monitoring exams in general. Functions specific to Monitoring, VMR,
Bubble and Emboli exams are described in separate sections.
Monitoring exams are intended to capture velocity changes in cerebral arteries over time
and to detect formed particle or air emboli.
Depending on the application, monitoring exams may be performed unilaterally with a
hand-held probe or bilaterally with a monitoring headframe and (2) monitoring probes.
1. All monitoring exams are recorded besides VMR Exams. After the vessel(s) to be
monitored are located the “Start Exam” button is used to start the recording.
2. Some monitoring exams have pre-defined events as part of the protocol, others have
the option to include user events.
3. When a monitoring exam is completed, the “Exit Exam” button is used to stop the
recording and advance the display to the Exam Review page. Note: To save a Bubble
Study exam, at least one snapshot must be taken before exiting the exam.
4. In the Exam Review: Snapshots page, all snapshots taken during the exam are listed
on the left side of the page and the snapshot “flyout” will display the list.
5. From this screen, snapshots can be replayed, marked for inclusion in the report,
saved as an MP4 video to be included in the PDF report, annotated, edited or deleted.
6. When all snapshots have been selected for the report, use the “Next” button to
advance to the Exam Review: Reports page.
7. The patient name, medical record number, date of birth, exam date, exam type and
operator’s name are already entered. The accession #, blood pressure, referring
provider, indications, notes and technique/description should be entered on this
screen.
8. When completed, select the “Generate Report” button to preview the report.
9. The first page of each report will always be compiled. The spectrogram graphics will
be included in subsequent pages if the “Include Snapshot Images” and “Include
Screenshot Images” boxes are checked in Settings – “Exam” tab.
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10. After previewing the report, the report can be printed and/or exported directly from
this page. Select Export to export the report via the following options:
•

USB

•

PACS

•

Network Drive

•

Print

•

NovaView

11. To export a report after navigating away from the Patient Report screen, first
navigate to the Home Page. Select Patient Search, select the desired patient, select
Open, select the desired Exam, and use the Export drop down to export the report.

Exam Replay
Monitoring Exams, Bubble Studies and Emboli Exams are all recorded exams that can be
replayed in post-processing.

Play, Pause, Fast Forward and Rewind buttons enable review of the recorded exam.
The snapshot icon can be used to take a snapshot from the recording.

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
63

Green and orange circles indicate when a snapshot was taken. Squares show when an event
was entered.
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Monitoring Exam
1. The Monitoring Exam is intended to be used to monitor velocity changes in real time.
2. This exam can be performed unilaterally with a hand-held probe or bilaterally with a
monitoring headframe and (2) monitoring probes.
3. In the Exam mode, the M-mode display can be toggled with velocity trend lines by
selecting the “M-mode/Trend” button.
4. Trend lines for Mean, Min and Max velocities as well as the Pulsatility Index (PI) can
be plotted.
5. Events can be included in the exam recording by selecting the User Events icon. Each
event will be displayed on the report.
6. The first page of the report will show the velocity trend values, the second page will
show the velocity trend graphs and any events that were created. Snapshots and
screenshots can be included on subsequent pages if desired. Reference the
Screenshot and Snapshot sections for instructions on how to include these items in
the report.
7.

The Monitoring Exam differs from an Emboli exam in the ability to change the PRF to
optimize the scale for different velocities. In addition, automatic emboli detection is
only a feature of an Emboli Exam.
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Monitoring Report
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Vaso-Motor Reactivity Exam
1. The Vaso-Motor Reactivity (VMR) Exam is intended to measure the cerebral vascular
reserve and generate a VMR Index.
2. This exam can be performed unilaterally with a hand-held probe or bilaterally with a
monitoring headframe and (2) monitoring probes.
3. The difference between a VMR exam and the monitoring exam is that there are predefined events in the VMR exam.
4. When this exam is selected, there are three protocol options:
1. VMR
2. VMR with Hyperventilation
3. Breath Holding Index (BHI)
5. When the desired protocol is selected, the exam screen will be displayed. Vessels
should be located in the usual manner and the exam started with the “Start Exam”
button.
6. When the exam is started the first pre-defined event will appear in the event text box.
When this button is selected, a snapshot will be taken and the next event in the
protocol will appear. After the last event has been captured, the display will advance
to the Exam Review: VMR page. Do not select the “End Exam” button to end the exam,
the study will terminate automatically.
7. From the Exam Review: VMR page, each event marker can be dragged to the exact
location of the event occurrence. The VMR index will be displayed on the right side of
the trend graph.
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VMR Report
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Bubble Study
1. The Bubble Study exam is intended to be used to detect arterial micro bubbles from
an intravenous injection. Detection of bubbles in cerebral arteries may indicate a
right to left vascular shunt. This exam is frequently used to detect a Patent Foramen
Ovale.
2. This exam can be performed either unilaterally or bilaterally.
3. After the vessel or vessels are located, select “Start Exam” to begin the recording.
4. With the TCD recording running, the intravenous micro bubble injection can be given.
Follow standard “At Rest” and “With Valsalva Strain” injection/Valsalva timing
protocols.
5. Continue the recording for at least one minute after the injection. To save a Bubble
Study exam, at least one snapshot must be taken before exiting the exam. Additional
snapshots of representative bubble activity can be taken after the exam in Exam
Review during Replay Exam.
6. Select “Exit Exam” to stop the recording and advance to the Exam Review screen.
7. Replay the recording to visualize any bubbles.
8. Pause the recording and take a snapshot of segment with the maximum number of
bubbles for the “At Rest” and “With Valsalva” segments of the study.
9. Use the back icon to return to the Exam Review: Snapshots page to select and
identify the snapshot(s) to be included in the report. Snapshot type must be
identified for each snapshot: At Rest, Calibrated Strain, Non-Calibrated Strain, or
Snapshot. Note: The user can select 0-2 of the bubble events (At Rest, Calibrated
Strain, Non-Calibrated Strain) and as many snapshots as desired.
10. If applicable, enter the actual or estimated total number of bubbles for Rest and/or
Strain in the Exam report.
11. The software will convert the bubble count to a Spencer Logarithmic Scale shunt
grade.
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Bubble Study Report

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
70

Emboli Study
The Emboli Exam is intended to be used to detect transient emboli in cerebral arteries.
This exam is typically performed bilaterally with a monitoring headframe.
1. After the target vessels are located and the probe position secured, select “Start
Exam” to begin the recording.
2. Auto-detection of emboli is always on in this exam and embolic activity will be
captured with auto-generated snapshots.
3. Use event markers to document events.
4. Select “Exit Exam” to stop the recording and advance to Exam Review: Snapshots.
5. Use the snapshot flyout to display the embolic events and view each embolus. If the
embolic event is determined to be artifact, use the check box on the left of the
snapshot and the “Delete” button to delete the snapshot. Multiple snapshots can be
deleted simultaneously.
6. All remaining snapshots will be included in the emboli count.
7. Use the blue check marks to identify any snapshots to be included in the report.
8. The recording can be viewed by selecting “Replay Exam”. This will display the entire
recording, all snapshots of emboli and any event markers.
9. The right, left, and total emboli counts will be displayed in the report.
10. The Emboli Exam has the PRF set to 8 KHz, for optimal embolic detection.
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Emboli Study Report
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Software Upgrade
An operator may perform a software upgrade using a NovaSignal provided USB drive. Follow
the steps below to perform a successful upgrade:

Hardware Setup
1. Connect the NovaSignal provided USB drive to one of the USB ports on the side of
the system.
2. Power on the system.

Upgrade Steps
1. Log in to any user account.
2. Select the “Settings” icon.
3. Navigate to the “Upgrade” tab in Settings.
4. Select the “Upgrade” button.

5. Select “OK” to continue.
6. Call NovaSignal Customer Service at 877-638-7251 ext. 3 to obtain the Installation Key
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and continue the installation process.
7. Enter the Installation Key and select “Submit”.
8. A screen will appear displaying the Lucid™ TCD 2.0 application software version.
9. Verify with the NovaSignal Customer Service technician that the software version is
correct and select “OK”.
10. The software will install automatically.
11. If the software has been successfully installed, the below message with the
appropriate Lucid™ TCD 2.0 application software version will appear on screen.
12. If any issues occur, contact NovaSignal Customer Service.
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Digital Streaming
When it is desired to stream data, follow the steps listed below:

Hardware Setup
1. Connect the USB to Ethernet adapter to one of the USB ports on the side of the
system.
2. Connect the system running the AMQP server to the Ethernet adapter; it is
recommended that the system running the AMQP server is IEC 60601-1 compliant or
is connected to an isolation transformer that meets IEC 60601-1.

Digital Streaming Setup
1. Login as an Admin User.
2. Navigate to the “Digital Streaming” tab in Settings.
3. Configure the Server Address and credentials.
a. Enter the Server IP Address in the Server Address field.
b. Enter the login credentials for the AMQP server.
i. User name in the User Name field.
ii. Password in the Password field.
3. Select Test Connection to test the configuration and network connection.
c. If the system fails to connect:
i. Review the login credentials for accuracy.
ii. Verify the network cables are connected.
iii. Verify the AMQP server is running.
4. Select the desired data from the Allow Transfer section; select at least one to enable
the Digital Streaming feature.
5. Select “Save” to continue.

Digital Streaming
1. The Digital Streaming feature will start automatically when entering an Exam Screen.
2. The Digital Streaming feature can be temporarily stopped by selecting the Acoustic
Power OFF.
3. Digital Streaming will re-start when Acoustic Power is turned ON.
Recommended Equipment and Server
•

USB 2.0 to Ethernet Adapter, USB2-E100, Plugable.com

•

AMQP Server, RabbitMQ, v3.6.8
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Peripherals
List of System Components & Compatible Accessories

WARNING
Use only Compatible or Approved Accessories with the Lucid™ TCD 2.0.

Description

Packaged, Lucid™ TCD 2.0

Catalog #

NA-TCDSYS2 – Y*

Lucid™ TCD 2.0

NA-LUCM1

1 qty 2-MHz Transducer, handheld

NA-PRB1

1 qty AC Power Adapter

NA-ACC1 – X*

1 qty Remote Control

NA-ACC2

1 qty USB to Ethernet Adapter

NA-USB1

Packaged, Headset Mounting System

NA-HDSYS

1 qty Monitoring Headframe

NA-MOUNT2

2 qty 2-MHz Monitoring Transducer

NA-PRB3

1 qty Monitoring Headframe Procedural Set (Pack of 10)

NA-DSP3PK

Packaged, 1 qty Transducer 2-Mhz, Handheld

NA-PRB1

Packaged, 1 qty Monitoring, 2-Mhz Transducer (8 foot)

NA-PRB3

Packaged, 1 qty Monitoring Headframe

NA-MOUNT2

Packaged, 1 qty Remote Control

NA-ACC2

Packaged, 1 qty Cart

NA-ACC3 – Y*

1 qty Cart Power Cord Set

NA-CORD – X*

Packaged, 1 qty Mouse and Keyboard

NA-ACC6

Packaged, 1 qty External Monitor

NA-ACC9

Packaged, NovaBot™ System

NA-RBT1

X* = B, G, EF, or I and denotes the type of mains power plug with AC Adapter
B (IEC Type B Hospital Grade), G (IEC Type G plug), EF (Type CEE 7/7 plug), I (IEC Type I plug)
Y* = (blank), G, EF or I and denotes the type of mains power plug packaged with system
(blank) (Type B Hospital Grade), G (Type G plug), EF (Type CEE 7/7 plug), I (IEC Type I plug)
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Additional Compatible Accessories
The following accessories are no longer sold by NovaSignal, but are compatible with the
Lucid™ TCD 2.0:
•
•

NovaSignal 2-MHz Monitoring Transducer (NA-PRB2)
NovaSignal Monitoring Headframe (NA-MOUNT1)

Compatible Printers
HP Laser Jet Pro M452dn Printer
This printer has been validated to be compatible with the Lucid™ TCD 2.0. With proper
printer driver installation, other printers may also be compatible.

Printer Setup Instructions:

1. Ensure the printer is connected to AC power.
2. Connect a USB Isolator to a USB port on the side of the Lucid™ TCD 2.0.
3. Connect a compatible printer (as listed in the Peripherals Section) USB cable to
the USB Isolator.
4. If necessary, proceed with set up by following the printer manufacturer’s set up
instructions.

Equipment Care and Maintenance
Transducers are sensitive components to diagnostic ultrasound measurement
equipment. Handle with care.
Before cleaning the base unit, turn OFF power and disconnect from the main outlet.
There are no user serviceable parts. Do not open the equipment or transducers. This
may damage the equipment.
When not in use, the Transducers should be stored in a location where they will not be
damaged.
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For preventative maintenance, periodic inspection for damage or wear should be performed
for the following: equipment, transducers or accessories (keyboard, mouse or remote) and
cart. It is recommended to perform a patient leakage current test at least annually. Replace
equipment, transducers and/or accessories if the enclosure is cracked or any cables show
signs of exposed wires. Discontinue use of the equipment and/or transducers. Follow your
facilities procedures for damaged equipment or contact NovaSignal Customer Service.
Clean the exterior surfaces of the base unit using a clean damp cloth. Avoid using liquids
around the base unit's electrical connections and ventilation openings.
Avoid using excessive liquids on the touchscreen. If any excess liquids collect in the slots
between the touchscreen and enclosure, please use a clean cloth to soak up the liquid.
Avoid using any strong detergents; these detergents may damage the touchscreen.
Do not use alcohol for cleaning and disinfection. Avoid the use of disinfection agents that
contain high concentrations (>60%) of alcohol (Transeptic, Citrex), halogens (Germicidal
Wipes, Betadine), strong reducing agents (hydroxides, Phenolic 256 DC), oxidizers (peroxide),
aldehydes (Cidex, Metricide) or strong acids. These agents could damage the surface finish
of the base unit and the transducer surface and insulation.
The transducer face material exhibits good to excellent chemical resistance to quaternary
ammonium compounds (Quat, Neutracide 64), butyl ether of ethylene glycol (Cavicide,
Caviwipe) and phenols (Prospray Wipes). Care should be taken since disinfection agents may
contain chemical compounds that may damage the probe.
Do not immerse the base unit or accessories (keyboard, mouse or remote) in water or any
cleaning solution. Permanent damage to the electronic circuits may occur.
Cleaning: Wipe the transducer with a clean damp cloth immediately after use. Remove any
residual ultrasound gel from the transducer.
Disinfection: Follow the hospital or clinic guidelines for disinfection of equipment and
accessories. Wipe the transducer, cable and cart with a clean damp cloth.
The transducers are not intended to be sterilized. Do not autoclave. Do not expose to
ethylene oxide. Do not expose to gamma radiation. Do not expose to e-beam.
For battery maintenance, it is recommended that the battery be charged to 90% or greater
every 6 months for as long as the system is not in regular use.
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As with all rechargeable equipment, a number of storage conditions including temperature,
humidity and charge condition may affect the rechargeable battery. Please contact
NovaSignal Customer Service when performance of the Lucid™ TCD 2.0 operated via
rechargeable battery is less than one hour when performing an exam using a single channel
as the Lucid™ TCD 2.0 may need to be returned for service.
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Safety
Warnings and Precautions
WARNINGS
Do not modify the system or accessories. Modifications may degrade measurements

or the service life of the product or cause hazardous situations such as electric shock
to occur.
If the accessory is dropped, please use caution in handling. Broken enclosure or
chipped/abraded surface may have occurred.
If the accessory is dropped, accessory function may be compromised. It is
recommended to contact NovaSignal Customer Service.
Do not use an accessory if the accessory body is damaged. This may cause an electric
shock hazard.
Do not use an accessory if the accessory cable or connector are damaged. This may
cause an electric shock hazard.
Avoid installing accessories during an Exam or when the Exam screen is open.
No modification of this equipment is allowed.
To avoid risk of Tipping the cart:
• Do Not apply a force greater than 11lbs at 1.5m or above to the cart
• Ensure wheels are disengaged before attempting to move the cart
• Use Caution when going over bumps or uneven surfaces
• Do not lean on the cart
• Only push the cart using the handles
• Lower the cart to its lowest setting before moving
• To avoid tripping over cables during use or transportation, store cables as far
away from the ground as possible
To avoid risk of electric shock, this equipment must only be connected to supply mains
with protective earth.
Check the audio volume to avoid hearing loss or damage especially when using
headphones.
Do not use device in a nitrous oxide, oxygen-rich or explosive atmosphere or in the
presence of explosive anesthetics.
If the device is dropped, please use caution in handling. Broken glass or
chipped/abraded surface may have occurred.
If the device is dropped, device function may be compromised. It is recommended to
contact NovaSignal Customer Service.
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WARNINGS (continued)
Use only the specified AC Adapter with the device. Danger of electric shock, fire or explosion
may occur if the incorrect AC adapter is used.
Inspect the AC Adapter and AC cord set for damage prior to use. Using a damaged AC Adapter
or worn or damaged AC cord set may result in electric shock or fire hazard.
This device contains both a lithium-ion battery and a lithium polymer battery. It must be
disposed of properly. Follow your clinic or hospital disposal or recycling procedures.
This device meets EMI/EMC standards.
•

However, this device may cause radio interference or may disrupt the
operation of nearby equipment. If necessary, move the device to a difference
location or re-orientate.

•

Electromagnetic fields from other non-compliant devices may cause
degradation of the device display. If necessary, move the source of interference
to a different location.

Use of this device in the presence of an ESU (electrosurgical generator) or electrocautery may
cause distortion in the display.
Read and follow all cleaning and disinfection instructions. Patient contact material must be
properly cleaned to prevent transmission of infectious diseases.
Patient contact materials are only intended for limited duration (less than 24 hour) skin
contact.
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Precautions
Avoid placing objects on the touchscreen. Permanent damage to the touchscreen may occur.
Do not submerge any accessories (keyboard, mouse or remote) in liquid. This may damage the
accessories.
When disconnecting any accessory from the device, pull from the plug and not the cable.
Inspect the accessories (keyboard, mouse or remote) prior to each use.
Avoid covering or blocking ventilation slots. This may cause the device to overheat during use.
Use only the specified AC Adapter with the device. Danger of permanent damage may occur if the
incorrect AC adapter is used.
When not using the device, store in a location to minimize accidental damage to the equipment. Store
the transducers in a location to minimize accidental damage.
When shipping the device, use only NovaSignal approved shipping package.
Reference the Technical Information section of this manual for additional storage conditions.
Shipping the device in an unapproved container may damage the equipment. Call NovaSignal
Customer Service for assistance in shipping a NovaSignal device.
Read and follow all cleaning and disinfection instructions. Improper cleaning or disinfection may also
cause damage to the system.

Clinical Safety
There are no confirmed biological effects on patients or equipment operators caused by
exposure from existing diagnostic ultrasound equipment in the market.

Potential Equalization
The Lucid™ TCD 2.0 can be connected to other medical equipment using the equipotential
equalization pin at the rear of the system. This connection is used to ensure that any
accumulation of unintentional charges is securely discharged.

Ultrasound Safety
Biological interaction and Ultrasound Bio-effects
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As ultrasound energy is propagating into the body the soft tissue absorbs or scatters some
of the energy. The scattering of ultrasound energy may cause reflections or echoes on the
spectrogram. Absorption of ultrasound energy may cause tissue damage by one or a
combination of two methods: a mechanical mechanism which may include cavitation and a
thermal mechanism that causes heating. Following ALARA mitigates the possibility of any of
these mechanisms occurring.

ALARA
When using the NovaSignal Lucid™ TCD 2.0, the principles of ALARA should be followed at all
times. ALARA is the acronym for As Low As Reasonably Achievable. This principle simply
states that the clinician should keep the ultrasound output levels and exposure times as low
as needed to obtain the desired diagnostic information.

Power Controls for Acoustic Output
The Power setting on the NovaSignal Lucid™ TCD 2.0 is the only user control that directly
affects the transmit power level for the selected channel. The adjustments are made in steps
from 0 to 100%. Power can be increased when Doppler signals are considered to be too
weak and decreased when the signals are satisfactory.
Adjustments to the sample volume size or depth settings affect the pulse repetition
frequency (PRF) of the Doppler transmit signal. The system automatically adjusts the
acoustic output pulse amplitude in order to maintain the set power level.
The acoustic output should be adjusted in accordance with the ALARA principle by starting
the exam at a low power setting and then increasing the power level as necessary until the
desired diagnostic information is obtained.
For the eye, foramen magnum, burr holes and fontanelles, a precaution is displayed to the
user during entry into any exam screen which states to use 10% or lower power levels.
When selecting any of the ophthalmic vessels, including siphons (ROPTH, LOPTH, LSIPHN,
RSIPHN) the Lucid™ TCD 2.0 will automatically set the power setting to 10%.

Managing Ultrasound Exposure
As previously stated, ultrasound energy may cause tissue damage due to mechanical or
thermal mechanisms. To assist users, thermal and mechanical indexes are modeled to
represent relative measure of potential tissue damage. For tissue damage due to heating,
the thermal index is displayed to the user.
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The following describe indices that are used to describe hazards (which are potential
sources of harm):
MI – Mechanical Index, the displayed parameter representing potential cavitation bioeffects
TI – Thermal Index, the ratio of the total acoustic power to the acoustic power required to
raise tissue temperature by 1°C. In the calculation of all thermal indices in the output display
standard, the average ultrasonic attenuation is assumed to be 0.3 dB/cm-MHz along the
beam axis in the body.
TIB – Bone Thermal Index, thermal index in which ultrasound beam passes through soft
tissue and a focal region is in the immediate vicinity of bone.
TIC – Cranial Thermal Index, thermal index for applications in which the ultrasound beam
passes through bone near the beam entrance into the body, such as adult cranial
applications.
TIS – Soft Tissue Thermal Index, thermal index related to soft tissues.
The Lucid™ TCD 2.0 displays the Cranial Thermal Index (TIC) in the exam screen and
provides assistance in setting the power to conform to the ALARA principle. The calculation
of the TIC is TI = Wo/40deq which is found in Table 2-2 of the NEMA UD 3-2004 (R2009)
Revision 2. As described above, the TIC is the calculated thermal index when the ultrasound
beam passes through bone near the beam entrance into the body. The higher the power
setting, the higher the TIC value. Likewise, a reduction in power setting leads to a
corresponding lower TIC value. Hence by using the TIC value as guidance, the user can
adhere to the ALARA principles which should lead to a reduction in potential tissue heating.
Although the MI, TIB and TIS indexes are described above for completeness, per the NEMA
UD 3-2004 (R2009) Revision 2 standard they are not required to be displayed because their
maximum values when using the Lucid™ TCD 2.0 are less than one or because the Lucid™
TCD 2.0 is for adult cephalic usage. Indices with a maximum value of less than one are
considered be below values for which there is a potential safety concern.
In the Lucid™ TCD 2.0 only the Cranial Thermal Index (TIC) is greater than one. This
information is especially important in performing temporal monitoring exams where longer
duration exposure to ultrasound energy could occur. Following ALARA principle, the TIC is
used to guide the user to set the power setting to the minimum required to obtain the
appropriate monitoring information. For a transcranial exam, this may be accomplished by
initially exploring the patient’s temporal window to find the thinnest area available and
perform the examination at this location, following the ALARA principle.
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The Lucid™ TCD 2.0 displays the TIC value at all times. Although not required by the NEMA
UD 3-2004 standard, displaying the TIC at all times during an exam helps to assist in
implementing the ALARA principle. TIC values equal to or greater than one are displayed in
red and help to alert the informed user to proceed with more caution. Please note that from
the AIUM Statement on Mammalian Biological Effects of Heat (approved March 2015), “For
exposure durations of up to 50 hours, there have been no significant adverse biological
effects observed due to temperature increases less than or equal to 1.5 °C above normal.”
Limitations of the indices
•

The indices are calculated estimates and not actual temperature rise and is
dependent upon a number of factors such as exposure time, blood flow through the
area and bone/tissue characteristics. As a result, the indices should be used as a
relative indicator of potential risk of tissue heating

•

The indices are calculations of the temperature rise in tissue due to absorption.
There could be an effect of temperature rise of the transducer lens itself. The user
should be aware of this.

•

The indices are average values. Localized non-linear absorption could occur.

•

The TIC is not intended for ophthalmic application. Caution should be taken during
ophthalmic application.

•

The TIC is modeled assuming temperature diffusion due to blood flow & fluid
perfusion. Some situations where low blood circulation is expected, the TI should be
kept at a lower value.

Untrained personnel should not use the NovaSignal Lucid™ TCD 2.0. The user should be
familiar with the document “Medical Ultrasound Safety” from the American Institute of
Ultrasound in Medicine (AIUM). This document may be ordered from AIUM (www.aium.org).
Review the section on Operating Controls prior to using this equipment.
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Electrical Safety Test
The system is recommended to be electrical safety tested at least annually. Although the
following is a description of a recommended safety test, follow the policies and procedures
of the hospital, clinic or health care facility regarding electrical safety test for equipment.

WARNING
Read the operating instructions of your safety tester carefully and observe all warnings and
cautions before operating the equipment and performing tests.

Setup the safety tester per the safety tester operating instructions and connect the system
to the safety tester.
Power on the safety tester and system.
Perform the tests listed below making sure the measured values met the test criteria listed
below.
Make sure the for any leakage current test, the current is measured for all Leakage Current
Outlet Conditions.
IEC 60601 Test Name
Protective Earth Resistance
Earth-Leakage Current
Touch or Enclosure Leakage Current
Insulation Resistance
Protective Earth to Line
Protective Earth to Applied Parts

Leakage Current Outlet Conditions
• Normal Polarity
• Normal Polarity, Open Neutral
• Reversed Polarity
• Reversed Polarity, Open Neutral
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< 0.2 ohms
< 5000 uA
< 100 uA
> 400 Mohm
> 400 Mohm

WARNING
When any one of the measured values exceeds the limits, power down the system and
contact your biomedical technician, service representative or NovaSignal Customer Service.

Instructions on Disposal
According to the requirements of the WEEE legislation the following user information is
provided to customers for this device and accessories which are subject to the WEEE
directive.
“The symbol on the product or its packaging indicates that this product must not be
disposed of with your other household waste. Instead, it is your responsibility to dispose of
your waste equipment by handing it over to a designated collection point for the recycling of
waste electrical and electronic equipment. The separate collection and recycling of your
waste equipment at the time of disposal will help conserve natural resources and ensure
that it is recycled in a manner that protects human health and the environment. For more
information about where you can drop off your waste for recycling, please contact your local
authority, or where you purchased your product.”

WARNING
Accessories that come into contact with patients have to be decontaminated first (see
cleaning and disinfection procedures at the beginning of this Equipment Care and
Maintenance section), or they have to be disposed of properly as potentially infectious
hazardous waste.

For more detailed instructions, contact your facilities manager or local authorities on how to
properly dispose of your device.
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Troubleshooting
Software Version
1. At the Home screen, select the Software Version icon to display the software version
for the application and components.

Error Screen Messages
The following are definitions of the Error Screen Messages; if any Error Screen Messages
continue to appear, call NovaSignal Customer Service.
Message
Green probe disconnected.
Exam stopped. Please
connect a probe before
starting an exam.

Potential Causes
•

Probe was
disconnected from
Green channel.

Suggested Solution
•
•

•

Orange probe
disconnected. Exam
stopped. Please connect a
probe before starting an
exam.

•

Both Probes Disconnected

•

Probe was
disconnected from
Orange channel.

•
•

•
Probes were
disconnected from
Green and Orange
channels.

•
•

•
Unable to load exam data for
one or more channels.
Ensure the connected probe
configuration matches that
of the exam you are
attempting to resume.

•

User attempting to
resume exam on
incorrect channel.
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•

Reconnect probe.
Select Acoustic Power icon
until data reappears on
screen.
If error persists, power cycle
Lucid™ TCD 2.0.
Reconnect probe.
Select Acoustic Power icon
until data reappears on
screen.
If error persists, power cycle
Lucid™ TCD 2.0.
Reconnect probes.
Select Acoustic Power icon
until data reappears on
screen.
If error persists, power cycle
Lucid™ TCD 2.0.
Plug the probe into the
correct channel for the exam
being resumed and restart
the exam.

Cannot start exam on
current channel. Exam will
exit. Please swap channels
and resume exam.
Some error in update. Please
try again.
Error while updating the
user.
Error while adding a new
user.
Could not update patient
Information. Please try again.
If the issue persists, please
contact NovaSignal Customer
Service.
Patient delete failed. Please
try again. If the issues
persists, please contact
NovaSignal Customer
Service.
Unable to connect. Network
path is blank. Please check
your export network settings.

•

User attempting to
resume exam on
incorrect channel.

•

•

Database error.

•

•

Database error.

•

•

Database error.

•

•

Database error.

•

•

Database error.

•

Contact NovaSignal
Customer Service.

•

A network drive
path was not
provided in the
user settings.

•

Unable to connect to {0}
Please check your export
network settings.

•

The provided
network drive path
is not valid.
The user is not
connected to a valid
network drive.

•

Go to the “Exam Export” tab
of Lucid™ TCD 2.0 Settings
menu. Enter a valid Network
Path and select “Test
Network Path” to confirm
that a valid connection was
established.
Ensure the computer
hosting the network drive is
physically connected to
Lucid™ TCD 2.0.
Go to the “Exam Export” tab
of Lucid™ TCD 2.0 Settings
menu. Enter a valid Network
Path and select “Test
Network Path” to confirm
that a valid connection was
established.
Contact network
administrator.

•

•

•
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Plug the probe into the
correct channel for the exam
being resumed and restart
the exam.
Contact NovaSignal
Customer Service.
Contact NovaSignal
Customer Service.
Contact NovaSignal
Customer Service.
Contact NovaSignal
Customer Service.

A network error occurred.
Please check your export
network settings.

•

Invalid connection
to the network
drive.

•

•

•
Error processing {0} exam(s).

•

Invalid connection
to PACS, DICOM,
Network drive, or
USB device.

•

Unable to delete one or
more exams. Please try
again.

•
•

Database error.
One or more of the
exam files is open
elsewhere on the
operating system.

•

•

Could not save snapshot.
Please try again. if the issue
persists, please contact
NovaSignal Customer
Service.
An issue with the system has
occurred. Please exit and reenter the exam screen. If the
error continues to persist
please contact NovaSignal
Customer Service.

•

Database error.

•

•

Failed to connect to
TCD board.

•

System fault detected. Please
restart the exam. If the issue
persists, please contact
NovaSignal Customer
Service. Error Code 002

•

•

High temperature
warning. TCD board
temperature too
high.
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•
•

Ensure the computer
hosting the network drive is
physically connected to
Lucid™ TCD 2.0.
Go to the “Exam Export” tab
of Lucid™ TCD 2.0 Settings
menu. Enter a valid Network
Path and select “Test
Network Path” to confirm
that a valid connection was
established.
Contact network
administrator.
Ensure Lucid™ TCD 2.0 is
properly configured to
connect to the server/device
of interest using Settings
menu.
Restart Lucid™ TCD 2.0 and
attempt to delete the exam
again.
If the error persists, contact
NovaSignal Customer
Service.
Contact NovaSignal
Customer Service.

Unplug Lucid™ TCD 2.0 and
power off completely. Wait
10 seconds, plug in and
power on again.
If the error persists, contact
NovaSignal Customer
Service.
Power off Lucid™ TCD 2.0
and restart.
If the error appears again,
contact NovaSignal
Customer Service.

System fault detected. Please
restart the exam. If the issue
persists, please contact
NovaSignal Customer
Service. Error Code 001
An error occurred while
updating the Custom Notes
in the database
Saving settings was
unsuccessful. Please try
again. If the issues persists,
please contact NovaSignal
Customer Service.
Please enter all the server
related details.

•

Export failed. Please make
sure USB Drive is plugged in
and is recognized by the
system.
Unable to connect to the
following queues. Please
review the User Manual
Troubleshooting Guide.

•

Unable to connect to the
server. Please review the
User Manual
Troubleshooting Guide.

Acoustic TCD power
too high.

•
•

Power off Lucid™ TCD 2.0
and restart.
If the error persists, contact
NovaSignal Customer
Service.
Contact NovaSignal
Customer Service.

•

Database error.

•

•

Database error.

•

Contact NovaSignal
Customer Service.

•

IP address and/or
credentials fields
for digital
streaming
connection settings
are empty.
USB device is not
connected.

•

Enter valid IP address and
credentials on Digital
Streaming page of Settings
menu.

•

•

Unable to connect
to one or more
queues for digital
streaming data.

•

•

Failed to connect to
AMQP Server.
Failed to map
network drive.
Failed to connect to
PACS Server.

•

Unplug and re-insert USB
device. Ensure device is
connected by checking the
file explorer.
Clear the Server address and
credentials on the “Digital
Streaming” tab of the
Settings menu, and select
“Save”. Re-enter the correct
Server address and
credentials and test the
digital streaming connection
by selecting the “Test
Connection” button on the
Digital Streaming tab of
Settings menu.
Check power to connected
device.
Check network connection.
Check network
credentials/information.

•
•
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•
•

PACS Server with IP {0} failed
to respond to the C-ECHO
Message.

•

Customer's PACS
server is incorrectly
configured.

•
•

Unable to establish
association for the following
data type(s). Please review
the User Manual
Troubleshooting Guide.
Failed to save custom
protocol

•

Customer's PACS
server is incorrectly
configured.

•
•

•

Database Error.

•

The network resource could
not be found or is no longer
available.

•

Network resource is
powered off.
Network path is
incorrect.

•

The network location is
unreachable.

•

Physical network
connection may be
down.
Network address is
not on same
subnet.
Server must be
offline or unable to
accept connections.

•

Too many incorrect
attempts at login.
System error.

•
•

Customer entered
an alpha-numeric
port ID.
Customer's PACS
server is incorrectly
configured.
No/Incomplete
PACS Settings.
Network
Connection is down
(physical).

•

•

•

The network resource that
you are trying to connect to
does not appear to be online.

•

An unexpected error
occurred. Please verify your
credentials with the network
resource and try again.
PACS Port ID {0} is not a valid
Port ID. Please enter a
numeric value.
Unable to connect to PACS
Server. Please check your
PACS server settings.

•
•
•

•

•
•
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•

•
•
•
•

•
•
•

Test the connection again.
Contact PACS Admin inform
them of the failure to
respond to the C-ECHO
message.
Test the connection again.
Contact PACS Admin and
consult the DICOM
Conformance Statement.
Power cycle Lucid™ TCD 2.0
and attempt to create
custom protocol again.
Check network path ensure
directory is correct.
Check network path ensure
”Network Path” is correct.
Check physical network
connection to Lucid™ TCD
2.0.
Try different USB port.
Contact your Network
Administrator.
Check network linked PC to
ensure it has power.
Contact your Network
Administrator.
Validate user credentials.
Speak to Network
Administrator ask for unit to
be unblocked.
Change Port ID to numeric
value.
Check PACS Configuration.
Test Connection in Settings.
Check network connection.

No Log Found. Please choose
a different time duration.

•

•

•

No logs were found
for given time
period.
No logs were found
for given time
period.
System error.

Error while creating audit
trail file. if the issue persists,
please contact NovaSignal
Customer Service.

•

An issue with the system has
occurred. Please try again. If
error continues to persist
please contact NovaSignal
Customer Service.

•

System error.

•

The Copyright file could not
be loaded. Please contact the
NovaSignal Customer
Technician.

•

System error.

•

Contact NovaSignal
Customer Service.

Patient deleted. Few exam
data of the patient are not
deleted from local storage.

•

Database error.

•

Contact NovaSignal
Customer Service.

Maximum of Two Bubble
Events Allowed.

•

More than two
events have been
selected for a
bubble study. At
most, only two
events are allowed
for a bubble study.

•

Unselect bubble events until
only two are selected.
Note: An event may consist
of 2 snapshots -- one for
each channel.

Lucid™ TCD 2.0 was
unable to contact
the Worklist server
for one of the
following reasons:
1) System is
physically
disconnected from
the network.

•

Connection test to Worklist
server unsuccessful. Please
review the User Manual
Troubleshooting Guide.

•
•
•

•

•
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•

Re-attempt to export the
audit trail using a different
duration.
Re-attempt to export the
audit trail.
Select a different duration.
Contact NovaSignal
Customer Service.
Attempt to start another
exam.
If the error persists, contact
NovaSignal Customer
Service.

Ensure Lucid™ TCD 2.0 is
connected to the same
network as the MWL server,
and the server IP address,
port ID, and remote AE have
been correctly configured on
the Lucid™ TCD 2.0 DICOM
“Settings” page.

2) The Worklist
server IP address is
incorrect.
3) The Worklist
server port ID is
incorrect.
4) The Worklist
remote AE title is
incorrect.
Failed to save exam notes.

•

Corrupted
database. Other.

•

Contact NovaSignal
customer Service.

Selected page(s) not in
report. Please check range
and try again.

•

The user attempted
to print one or
more pages outside
the range of the
total number of
pages in the report.

•

Select a range of pages that
falls within the total number
of pages of the report and
reattempt print.

The selected exam has not
been assigned to a patient.

•

The user clicked
“Open Patient” for
an exam on the
“Worklist” screen,
but the exam has
not yet been
associated with a
patient.

•

Select the exam and press
“Review”. Assign a patient
from the drop-down menu
in the top-left corner. At this
point, the user may edit the
corresponding patient
information as they wish.

VMR exams cannot be
resumed from Worklist.

•

The user attempted
to resume a VMR
exam from
Worklist.

•

Contact NovaSignal
customer Service.

No exam selected. Please
select an exam to continue.

•

The user clicked
“Export” on the
“Worklist” screen,
but no exams were
selected.

•

Select at least one exam on
the “Worklist” screen, then
reattempt export.
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A single worklist item must
be selected.

•

The user clicked
"Begin/Resume",
"Review," or "Open
Patient" buttons on
the “Worklist”
screen, but no
exam was selected.

•

Select at least one exam on
the “Worklist” screen, then
reattempt the desired
operation.

Failed to load PDF report for
selected exam.

•

The PDF report did
not open because:
1) The PDF file does
not exist.
2)
Decompression/dec
ryption of the file
failed.
3) The PDF file is
corrupted.

•

Contact NovaSignal
customer Service.

Worklist Port ID <port> is
invalid. Please enter a
numeric value.

•

The user entered
an invalid port
number for the
Worklist server on
the “DICOM”
settings screen and
then attempted a
connection test.
The port field
cannot be empty
and must contain
an integer value.

•

Enter a valid integer value in
the “Port ID” field of the
Worklist settings and
reattempt the connection
test.

Invalid product serial key.
Please try again.

•

The user attempted
to save an invalid
product serial key
on the “Service”
screen. Keys may
only consist of
alphanumeric
characters and may
not contain any
whitespace.

•

Enter a valid serial key
consisting only of
alphanumeric characters
and click “Update”.
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USB drive for Upgrade not
found. Please insert a valid
Upgrade USB drive and try
again.

•

Thumb drive
containing software
update has not
been inserted into a
USB port on Lucid™
TCD 2.0.

•

Insert a valid thumb drive
containing the software
update insert into a USB
port on Lucid™ TCD 2.0 and
reattempt the software
update.

System must be connected
to AC power to start the
Upgrade. Please connect to
AC power and try again.

•

The Lucid™ TCD 2.0
is not connected to
an AC adapter, and
therefore cannot
begin a software
update.

•

Plug in an AC adapter and
reattempt the software
update.

Battery is too low to start the
Upgrade. Please wait for
battery to charge to at least
15% and retry.

•

Battery charge is
too low (< 15%) to
begin a software
update.

•

Wait for the battery to
charge to the minimum level
required for a software
update (15%). Reattempt the
software update.

Previous Upgrade was
unsuccessful. Please try
again. If the issue persists,
please contact NovaSignal
Customer Service.

•

One or more
version
components does
not meet the
expected versions
in the version file
(C:\ProgramData\Lu
cidUpgrade\version
s.json).

•

Upgrade the failed
component using the
upgrade tool.

Unable to resume exams of
type <exam type>. The inprogress exam has been
deleted.

•

The user was in the
middle of a VMR,
VMR with HV, or
BHI exam when the
software
unexpectedly
exited. The Lucid™
TCD 2.0 does not
report recovery of
these exams, so the
data from the exam
in progress was

•

None.
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deleted.

Unable to contact Worklist
server. Please make sure the
System is connected to the
network and the Worklist
settings are correct.

•

Lucid™ TCD 2.0 was
unable to contact
the Worklist server
for one of the
following reasons:
1) System is
physically
disconnected from
the network.
2) The Worklist
server IP address is
incorrect.
3) The Worklist
server port ID is
incorrect.
4) The Worklist
remote AE title is
incorrect.

•

Ensure Lucid™ TCD 2.0 is
connected to the same
network as the MWL server,
and the server IP address,
port ID, and remote AE have
been correctly configured on
the Lucid™ TCD 2.0 DICOM
“Settings” page.

NovaView Server Address not
entered. Please enter a valid
NovaView Server Address.

•

Server Address is
blank.

•

NovaView Connection Test
failed. Please check
NovaView Server Address. If
the issue persists, please
contact NovaSignal Customer
Service

•

Potential
connection issues
with Internet.

•
•

•

Server Address is
incorrect.

Ensure Server Address has
been entered correctly on
NovaView tab of “Settings”
page.
Check Internet connection.
Ensure Server Address has
been entered correctly on
NovaView tab of “Settings”
page.

NovaView Registration Test
failed. Please check
NovaView Server Address. If
the issue persists, please
contact NovaSignal Customer
Service

•

Server Address is
incorrect.

•

System is not
registered with
NovaView.
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•

•

Ensure Server Address has
been entered correctly on
NovaView tab of “Settings”
page.
Contact NovaSignal to
ensure the system is
registered.

Export failed. Please execute
a NovaView Connection Test
in Settings and try your
export again.

•

Potential
connection issues
with Internet.

•

Server Address is
incorrect.

•

System is not
registered with
NovaView.
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•
•

•

Check Internet connection.
Ensure Server Address has
been entered correctly on
NovaView tab of “Settings”
page.
Contact NovaSignal to
ensure the system is
registered.

Export Log Files
To assist with troubleshooting, NovaSignal Customer Service may ask for log files from the
Lucid™ TCD 2.0. Log files can be gathered by following the steps below:
1. Insert a USB drive (minimum 8GB) into one of the USB ports.
2. From Home screen, select Settings.
3. Select the “Logging” tab.
4. Select the “Export” button for Lucid™ TCD 2.0 Error Logs.
5. The File Explorer will pop up. Select the USB drive that was inserted in Step 1.
6. Select “OK”.
7. Wait for logs to completely transfer.
8. Remove the USB drive from the USB port.
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Specifications
Technical Information
Dimensions:

13.6 x 12.7 x 3.7 (in inches)

Weight:

12.7 lbs

Power Supply:

Lucid™ TCD 2.0: 100 – 240 VAC, 50 to 60 Hz, 2A
Lucid™ TCD 2.0 Monitor: 100 – 240 VAC, 50 to 60 Hz, 1.5A
IEC 60601-1

DC Input for system:

Lucid™ TCD 2.0: 19.2V 6.3A, 120VA
Lucid™ TCD 2.0 Monitor: 12V 5A, 60VA

Transducer Interface:

Two (2) NovaSignal 2Mhz Transducer connections

Peripheral Interface:

Four (4) USB 3.0 connections
Headphone 3.5mm stereo connection
One (1) HDMI port (not available on older versions)
One (1) NovaSignal Remote Control connection

Operating Software Version:

1.4.X
(X represents a number used for minor releases with no feature
changes)

Environmental Conditions:

Operating Temperature:
Storage Temperature:
Ambient Pressure:
Relative Humidity:

Expected Service Life:

5 years

Operating Mode:

Continuous operation

Doppler Frequency:

2 MHz

Modes:

2 MHz pulsed wave

Classification:

Class 2a Equipment
Pollution degree 2
Type B patient-applied parts (transducer)
IPX0 ordinary protection against ingress of water, console
IPX1 protected against vertically falling drops, transducers

Transducer Patient Contact Material:

Luran HD-20 (BASF)
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+15C to +60C
0 to +70C
10 PSI to 15 PSI (170m to 3133m)
5 to 95% (non-condensing)

Measurements
Mean Velocity
Maximum Velocity
Minimum Velocity
Pulsatility Index (PI)

Accuracy
≤ +/- 5%
≤ +/- 5%
≤ +/- 5%
≤ +/- 5%

Range
Calculated Value
0 to 480 cm/s
0 to 480 cm/s
Calculated Value

Velocity measurement accuracy is presented as a percentage of the measured velocity. It
should be noted that at lower velocities, resolution uncertainty begins to overshadow.
The velocity measurements displayed on the system are derived from a computational
analysis of the spectrogram data. The following is a high-level flow diagram of the
calculations:

Sampled Blood
Flow Signal

Spectrogram

Velocity Envelope

Velocity
Measurements

Sampled Blood Flow Signal:

The System receives the reflected Doppler ultrasound signals from the transmitted beam.
The received Doppler signal is processed based upon the depth and sample volume set by
the user. The output of the processed signal is the measured velocities along the beam path.

Spectrogram:

The System displays the measured velocities on the vertical axis of the spectrogram display.
The System also shows the changes in velocity as a function of time (along the horizontal
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axis). The spectrogram velocity accuracy assumes zero Doppler angle and is ≤ +/- 5%. The
blood flow velocity is non-uniform across a vessel. This distribution of velocities on the
spectrogram is complex and the final interpretation remains with the clinician.

Velocity Envelope:

The System determines the Velocity Envelope from the spectrogram. The Velocity Envelope
indicates where it calculates the maximum velocity of the spectrogram. The maximum
velocity that the Velocity Envelope trace represents is typically of interest to the clinician. On
the System display it is manifested as an edge trace of the spectrogram.

Velocity Measurements:

The System determines the Velocity Measurements (Mean, Maximum and Minimum
Velocity) from the Velocity Envelope. It should be noted that the accuracy of the
measurement numbers depends upon the Velocity Envelope.

Note the following:

The System velocity calculations are generated based upon zero-degree Doppler
angle.
The Velocity Envelope does not support heart rates below 30 beats per minute or
above 130 beats per minute.
Verify the tracking of the Velocity Envelope to the edge of the Spectrogram before
interpreting the Velocity Measurements (Mean, Maximum and Minimum). If needed
use manual calculations to determine or verify measurement values.

Embolus Detection Feature Description and Limitations
The Lucid™ TCD 2.0 has automatic embolus detection capabilities. However, not all emboli
moving through blood are detectable with ultrasound. Emboli traveling in blood have two
characteristics: movement and ultrasound reflection. Ultrasound reflection is important
when using the embolus detection feature. When the embolus is a weak reflector, then the
signal may not appear on the spectrogram or M-mode display. It should be noted that
gaseous emboli are easily detected due to the high reflection at the embolus-to-blood
interface.
A solid embolus is difficult to detect due to the lower reflection of ultrasound signal.
Likewise, when an embolus appears in the weaker ultrasound beam areas (whether gaseous
or solid), the reflection will be weaker and the possibility of not counting in the automatic
embolus detection feature may occur. As a result, the sensitivity of the emboli detection
feature is dependent upon the type of emboli observed, in both size and composition. False
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positives have also been observed when somewhere in the spectrogram or M-mode display
there is a blood flow signal that disappears during diastole.
A sharp Doppler angle may contribute to this situation. However, it is anticipated to be rare
due to the low fluidic resistance of the brain as well as the coaxial nature of the middle
cerebral artery M1 and M2 regions, thereby lowering the possibility of the situation
occurring.
The scenario of detected flow signals fading and reemerging during systole in these
conditions may yield false positives for the emboli detection feature.

Envelope and TCD Measurement Uncertainties
The velocity envelope follows the maximum velocity of the spectrogram signal. The TCD
measurements are derived from the velocity envelope values. When interpreting TCD
measurements, confirm that the velocity envelope is tracking properly and follows the edge
of the spectrogram. If the envelope is not following the edge, on the patient report manually
locate the maximum and minimum velocities of the spectrogram edges.
The velocity measurements are derived from computational analysis of the spectrogram.
Because the spectrogram waveform may depict blood flow that is complex, the numerical
results remain subject to clinical interpretation.
The velocity measurements are affected by the following conditions:
•
•
•
•
•
•

The Doppler Angle
Envelope Edge Uncertainty
Beat to Beat Variation
Velocity Scale Variables
Filter Setting
Acoustic Velocity

Doppler Angle – the angle between the direction of movement of reflectors, such as red
blood cells, and the effective direction of the ultrasonic beam, which is normal to the
wavefront.
Envelope Edge Uncertainty – the velocity envelope is designed to follow the instantaneous
maximum velocity of the flow signal waveform in the spectrogram. For complex blood flows,
the spectral edge of the waveform is subject to interpretation.
Beat to Beat Variation – the maximum, minimum and mean velocities are calculated from a
cardiac cycle and are averaged over time.
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Velocity Scale Variables – the maximum measurable envelope velocity is affected by the
Pulse Repetition Frequency (PRF) and baseline settings. The upper limit is indicated by the
vertical scale of the spectrogram. The range is reduced at lower PRF settings and when the
baseline is set at a higher position on the spectrogram. The depth set by the user
determines the PRF.
Filter Setting – the minimum measurable envelope velocity is affected by the Filter (clutter
filter cutoff frequency). The higher the filter setting, the higher the minimum measurable
velocity.
Calculations – the calculations are based on a nominal acoustic velocity of 1540 m/s through
tissues.

Calculations
VMR
•

CO2 Inhalation
𝑉𝑀𝑅 𝐼𝑛𝑑𝑒𝑥 = 100% 𝑥 (

•

CO2 Inhalation with Hyperventilation
𝑉𝑀𝑅 𝐼𝑛𝑑𝑒𝑥 = 100% 𝑥 (

•

𝐶𝐵𝐹𝑉𝑚𝑎𝑥 − 𝐶𝐵𝐹𝑉𝑚𝑖𝑛
)
𝐶𝐵𝐹𝑉𝑏𝑎𝑠𝑒

𝑉𝐸𝑛𝑑𝐶𝑂2 − 𝑉𝐸𝑛𝑑𝐻𝑦𝑝𝑒𝑟
)
𝑉𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒

BHI (Breath Holding Index)
𝐵𝐻𝐼 = 100 𝑥 (

𝐶𝐵𝐹𝑉𝑚𝑎𝑥 − 𝐶𝐵𝐹𝑉𝑚𝑖𝑛
)⁄𝑇𝑖𝑚𝑒𝑏𝑟𝑒𝑎𝑡ℎℎ𝑜𝑙𝑑
𝐶𝐵𝐹𝑉𝑚𝑖𝑛

Mean Velocity
•

When the envelope is tracking the spectrogram:
125 spectral slices/second = 500 slices/4 seconds
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Sum of 500 velocities/500 = Mean Velocity
•

When manual cursors are used to measure the Max and Min velocities:
(1/3*Max) + (2/3*Min) = Mean Velocity
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Electro-Magnetic Compatibility (EMC)

WARNING
This device is compliant with IEC 60601-1-2 EMI/EMC standards.
However, this device may cause radio interference or may disrupt the operation of
nearby equipment. If necessary, move the device to a difference location or reorientate.
Electromagnetic fields from other non-compliant devices may cause degradation of the
device display. If necessary, move the source of interference to a different location.
Portable and mobile RF communications equipment can affect medical electrical devices.
The use of accessories and transducers other than those specified by the manufacturer may
result in increased emissions or decreased immunity of the equipment or system.
The system should not be used adjacent to or stacked with other equipment other than those
specified by the manufacturer. If stacking or adjacent use is unavoidable, then the system
should first be observed to verify normal operation.

Summary of Test Results
Description
Radiated RF Emissions – Class A
Conduct RF Emissions – Class A
Quasi-Stationary Current Harmonics –
Class A
Limitation of Voltage Fluctuations and
Flicker
Direct ESD, Air Discharge (insulate
surfaces)
Direct ESD, Contact Discharge (conductive
surfaces)
Indirect ESD (horizontal & vertical coupling
planes)
Radio-Frequency Electromagnetic Field
Proximity Fields from RF Wireless
Communications Equipment

Results
Complies with the limits of relevant
standard of CISPR11
Complies with the limits of relevant
standard of CISPR11
Test not required because the power
measured at less than 75 Watts
Complies with the relevant requirements
of IEC 610000-3-3
Complies with the relevant requirements
of EN/IEC 60601-1-2
Complies with the relevant requirements
of EN/IEC 60601-1-2
Complies with the relevant requirements
of EN/IEC 60601-1-2
Complies with the relevant requirements
of EN/IEC 60601-1-2
Complies with the relevant requirements
of EN/IEC 60601-1-2
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Electrical Fast Transient / Burst Immunity
on power lines
Electrical Fast Transient / Burst Immunity
on data lines

Surge Immunity
Conducted Susceptibility – Power Lines
Conducted Susceptibility – Signal Lines
Power Frequency
Voltage Dips and Interruptions

Complies with the relevant requirements
of EN/IEC 60601-1-2
Single Probe EUT: This test was not
performed because the EUT had no
external cables that were longer than 3
meters in length. Dual Probes EUT:
Complies with the relevant requirements
of EN/IEC 60601-1-2.
Complies with the relevant requirements
of EN/IEC 60601-1-2.
Complies with the relevant requirements
of EN/IEC 60601-1-2.
Complies with the relevant requirements
of EN/IEC 60601-1-2.
Complies with the relevant requirements
of EN/IEC 60601-1-2.
Complies with the relevant requirements
of EN/IEC 60601-1-2.

Note the emissions characteristics of this equipment make it suitable for use in
industrial areas and hospitals (CISPR 11 class A). If it is used in a residential environment (for
which CISPR 11 class B is normally required) this equipment might not offer adequate
protection to radio-frequency communication services. The user might need to take
mitigation measures, such as relocating or re-orienting the equipment

As with all medical electrical systems some precautionary ESD procedures should be
followed when an environment is susceptible to build-up of electrostatic charge, such as
higher altitudes, drier climates, use of synthetic fabrics and carpeting.
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Appendix 1 – Acoustic Output
Measurements for the calculation of spatial peak temporal average intensity (ISPTA.3),
mechanical index (MI), spatial peak pulse average intensity (ISPPA.3), and thermal
index cranium (TIC) were carried out using calibrated PVDF hydrophone probes
following the recommendations of the American Institute of Ultrasound in Medicine
(AIUM).
Track 3 Acoustic Output Format
System: Lucid™ TCD 2.0
Transducer Model: 40-00008 handheld 2MHz Transducer
Operating Mode: Pulse Doppler
Index Label
MI
TIS
Scan

non-scan
Aaprt <
1

Global Maximum Index Value
Pr.3
(MPa)
W˳
(mW)
Assoc
Min of [W.3 (z1) (mW)
Acoustic
ITA.3 (z1)
Parameter
z1
(cm)
Zbp
(cm)
Zsp
(cm)
z@PII. 3max
(cm)
dep(Zsp)
(cm)
Fc (MHz)
Dim of Aaprt
X (cm)
Y

Other
Information

Operating
Control
Conditions

PD
PRF
Pr@PII max
deq@PII max
(cm)
Focal

Aaprt >
1

TIC

nonscan

0.29
0.42

1.73
123

123

123

123
4.8
2.7
4.8
4.8
2.0

(cm)
(usec)
(Hz)
(MPa)

TIB

2.0
0.8

2.0
0.8

0.52
2.0
0.8

2.0
0.8

0.8

0.8

0.8

0.8

12.8
8000
0.40
1.78

FLx
(cm)
Length
Fly
(cm)
IPA3 @ MI max (W/cm2)

5.67

POWER
SAMPLE VOLUME

100
10

Lucid™ TCD 2.0 User Manual (60-00151 Rev. C)
108

0.38

0.38

0.38

0.38

0.38

0.38

100
10

100
10

100
10

100
10

Track 3 Acoustic Output Format
System: Lucid™ TCD 2.0
Transducer Model: 40-00621 monitoring 2MHz Transducer (equivalent model 40-00009)
Operating Mode: Pulse Doppler
Index Label
MI
TIS
TIB
Scan

non-scan
Aaprt <
1

Global Maximum Index Value
Pr.3
(MPa)
W˳
(mW)
Assoc
Min of [W.3 (z1), (mW)
Acoustic
ITA.3 (z1)
Parameter
z1
(cm)
Zbp
(cm)
Zsp
(cm)
z@PII. 3max
(cm)
dep(Zsp)
(cm)
fc
(MHz)
Dim of Aaprt
X (cm)
Y

Other
Information

Operating
Control
Conditions

PD
PRF
Pr@PII max
deq@PII max
(cm)
Focal

non-scan

Aaprt > 1

0.3
1.50

1.99
142

142

142

142
4.6
2.7
4.5
4.5
2.0

(cm)

(usec)
(Hz)
(MPa)

TIC

2.0
0.8

2.0
0.8

0.52
2.0
0.8

2.0
0.8

0.8

0.8

0.8

0.8

12.8
8000
0.42
1.78

FLx
(cm)
Length
Fly
(cm)
IPA3 @ MI max (W/cm2)

6.37

POWER
SAMPLE VOLUME

100
10
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0.38

0.38

0.38

0.39

0.39

0.39

100
10

100
10

100
10

100
10

Appendix 2 – Glossary of Terms
deq at max IPI

The equivalent beam diameter in cm at the location of the maximum
pulse-intensity integral

deq (zb)

The equivalent beam diameter in cm at the location of the depth for TIB.

Dim of Aaprt

The diameter of a circle whose area is the Output Beam Area in cm2. For
the bone at surface model (adult cephalic), it is given as the area of the
transducer.

GMV

The Global Maximum Value, defined as GMV = µs +U[µs(n)] where µs =
measurement mean, U is expanded uncertainty and n is number of
systems in sample.

IPA,3 at max MI

The derated pulse-average intensity at the settings yielding the maximum
MI in mW/cm2.

ISPTA.3

The derated spatial-peak, temporal-average intensity in mW/cm2.

ISPPA.3

The derated spatial-peak, pulse-average intensity in W/cm2.

Ita,

The attenuated temporal-average intensity in mW/cm2 at the depth for TIS,
used to determine TIS, non-scanning mode.

(zs)

MI

The Mechanical Index, an estimate of the probability that mechanical
damage done by non-thermal processes, e.g. cavitation, might occur within
tissue, defined as (Pra/(fawf1/2))/CMI (for fawf<4MH)z. Where Pra is the
attenuated peak-rare factional pressure at the position of ISPPA.3 in MPa, fawf
is the center frequency (acoustic working frequency) in MHz, and CMI is 1
MPa/(MHz)2.

P (zs)

The attenuated output power in mW at the depth for TIS, used to
determine TIS, non-scanning mode.

prr

The pulse repetition rate in Hz.

Pr at max IPI

The peak rarefactional acoustic pressure at the maximum pulse intensity
integral in MPa.

td

The pulse duration in s.

TI

Thermal Index, the ratio of the attenuated acoustic power at a specified
point to the attenuated acoustic power required to raise the temperature
at that point in a specific tissue model by 1 oC. TI is a dimensionless
number.
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TIB (non-scan)

Thermal Index Bone at focus (not used in applications intended only for
adult cephalic)

TIC

Thermal Index bone at surface. TIC is an estimate of the rise in surface
(cranial) bone temperature (dimensionless). It is defined as (P/deq)/CTIC
where P is the time weighted average acoustic power at the source in mW,
deq is the equivalent aperture diameter in cm (for the bone at surface
model it is given as the size of the transducer), and CTIC is 40 mW/cm.

TIS (non-scan)

Thermal Index Soft tissue, non-scanning mode (not used in non-scanning
applications or applications intended only for adult cephalic).

z

The distance from the source to a specified point in cm.

z at max IPI.3

The depth of the maximum attenuated pulse-average intensity in cm.

zb

The depth for the bone at focus thermal index in cm.

zbp

The break-point depth in cm.

zs

The depth for the soft tissue thermal index (scanning and non-scanning
modes) in cm.

Common Units
mW

milliwatt

W

watt

cm

centimeter

MPa

megapascal

mm

millimeter

MHz

megahertz

s

second
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