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1 Before You Get Started

1.1 Introduction

This manual is intended for clinicians, technicians, and low vision specialists who work with
Argus |l Retinal Prosthesis patients. It contains the list of the system components (Chapter 1),
detailed description of the system components and how they work (Chapter 2), the step-by-step
device fitting procedure and patient data management (Chapter 3), preparation for patients to
use the device outside the clinic (Chapter 4), product maintenance (Chapter 5), trouble shooting
(Chapter 8), system specification (Chapter 7), and manufacturer’'s warranty (Chapter 8).

1.2 System Components |

The Argus Il Retinal Prosthesis System consists of the following items. This list may be
updated periodically. :

1.21 Argus |l Patient Kit Contents

Description Catalog/Product Number

Argus |l Video Processing Unit (VPU)

. . . 013003

{(including Patient Manual) :

VPU Battery

Small size: | 100200-001

Sony InfoLITHIUM M Series

Model Number NP-FM500H

Medium size: 100200-002

Sony InfoLITHIUM M Series
Model Number NP-QM71D

Argus I VPU Pouch 013931

Argus Il Glasses, Dark Lenses, Right Eye 012011

" Argus |l Glasses, Clear Lenses, Right Eye 012012

Argus |l Glasses, Dark Lenses, Left Eye 012013

Argus |l Glasses, Clear Lenses, Left Eye 012014

(one pair of glasses is included in the kit) .

VPU Battery Charger, US 100200-004

Argus |l Travel Case 012930
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1.2.2 Argus Il Clinician Fitting System (CFS) Contents

Description | Catalog/Product Number
Argus Il CFS Computer 014003-R
Laptop Power Supply with Power Cord (USA) 130150-205
Argus || Communication Adapter (CA) 014103
Argus Il CA - VPU Cable 014913
Argus Hl CFS — CA Cable 014916
Argus [l Psychophysical Test System (PTS) 014202-R
Laptop Power Supply with Power Cord (USA) 130150-205
Argus I PTS - CFS Cable 014915
Argus Il Touch Screen Monitor (ELC Touch |
Screen, 1928L, Contains EUR and US Power 014932
Cords)
Logitec:h® Rumble Gamepad F510 (User Input 130150-161
" Device)
Argus |l Device Fitting Manual 090002

1.2.3 Argus |l Surgical Related Components Manufactured by Second Sight

Description .Catalog/Product Number

Argus 1l Retinal Prosthesis Kit, Right Eye 011013-K

Argus Il Retinal Prosthesis Kit, Left Eye 011014-K

Argus Il Retinal Tacks 011006

Ar_gus il Surgeon Manual 0190001

Argus |l Device Fitting Manual 090002

Argus |l Patient Manual 090000

Argus I VPQ-ImpIant Matching CD 011007

(implant serial number specific)

Argus |l Operating Room (OR) Coil 012103

~ Chapter 1: Before You Get Started
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Refer to the Argus |l Surgeon manual for a complete list of surgical supplies.

1.3 Where to Find Information

The following sources provide information about the Second Sight Argus |l Retinal Prosthesis
System. '

» Argus |l Retinal Prosthesis System Surgeon Manual

« Argus Il Retinal Prosthesis System Device Fitting Manual
+ Argus |l Retinal Prosthesis System Patient Manual

« Argus |l Retinal Prosthesis System Product Insert

Chapter 1: Before You Get Started . 1-3
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1.4 Acronyms used in this Manual

Acronym Méani‘ng

ASIC Application Specific Integrated Circuit
CA Communication Adapter
CDL Charge Density Limit

CFS Clinician Fitting System
ESD Electrostatic Discharge
FCE Field Clinical Engineer

GUI Graphical User Interface

OR Operating Room

PTS Psychophysical Test System
RF Radio Frequency

USB Universal Serial Bus

VCF Video Configuration File
VPU Video Processing Unit

Chapter 1: Before You Get Started
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1.5 Symbols and Regulatory Classifications

Table 1.1 Symbols

Symbol Meaning
REF Catalog number
SN Serial number
® Single use
STERILE |EO This product has been sterilized using ethylene oxide
g | Use by date
LOT Lot number

Date of manufacture

Warning and/or consult accompanying documents

Storage temperature range

Keep Dry

A S >

This device is susceptible to electrostatic discharge (ESD)
damage and should be handled in an ESD safe manner

()

Non-ionizing radiation (Radio frequency radiation)

Manufactured by

‘Type B Applied Part

Fragile

‘MR Conditional

@bl—l > [k =

MR Unsafe

Chapter 1: Before You Get Started
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- The Argus Il System meets the requirements of several international standards and directives.

The table below indicates how the Argus Il System is classified according to each of these

standards and directives.

Table 1.2 Regulatory Classifications

-StandardIDirective

Classifications

EN60601-1

Classification:

Internally Powered
Type B Applied Part IPX0 Continuous Operation

R&TTE Directive

Classification:

Product Type 1 - Inductive loop coil transmitter tested
with an integral antenna

Receiver Class 2 - Function critical Short Range Device

. {SRD) communication media; i.e. when a failure to

operate correctly causes loss of function but does not
constitute a safety hazard.

IEC 60601-1-2 Classification:

Classifications _

fE?IEtT?rr:; netic Group 1 _Equipment - equipment in which there is

E:\'ss'onsg intentionally generated and/or used conductively coupled

issions) radio frequency energy which is necessary for the

internal functioning of the equipment itself.
Class B Equipment - equipment suitable for use in
domestic establishments and in establishments directly
connected to a low voltage power supply network which
supplies buildings used for domestic purposes.

IEC 60601-1-2 Classification:

(Electromagnetic

Immunity) The Argus Il System may experience interference from

ESD, power frequency magnetic fields, and conducted
and radiated RF.

Chapter 1: Before You Get Started
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1.6 How to Contact Second Sight

Second Sight is committed to providing the highest quality products and service to our

customers. Please feel free to contact us for technical assistance or replacement parts.

Headquarters

Second Sight Medical Products, Inc.
12744 San Fernando Road, Building 3 .
Sylmar, CA 91342 USA
Phone: +1 818 833 5000
Fax: +1 818 833 5067

E-mail: service@2-sight.com
www. 2-sight.com

Chapter 1: Before You Get Started
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Z_I:roduct Description _

2.1 Introduction

The Argus ll Retinal Prosthesis System is intended to provide electrical stimulation of the retina
to induce visual perception in blind patients. It is indicated for use in patient with severe to
profound retinitis pigmentosa. Refer to the Product Insert for full indications and
contraindications.

2.2 System Components Overview

This section provides a brief description of the system components. More detailed description
will be provided in Section 2.3.

The Argus Il System consists of the following primary components:

Argus il Retinal Prosthesis (Implant): A neural stimulation device that is implanted
in and around the patient's eye. The implant is comprised of a coil and an
electronics case, which are placed around the eyeball using a scleral band, and a
thin-film electrode array, which is tacked intraocularly on the surface of the retina.

Argus 1l Glasses: The Argus Il Glasses are worn by the patient and they are
specially fitted with a miniature video camera, an external coil and associated
electronic circuitry. The glasses transmit electrical stimulation data along with power
via telemetry to the implant.

Argus Il Operating Room (OR) Coil: A coil that is used to test the functionality of
the implant during the implantation procedure.

Argus Il Video Processing Unit (VPU): A battery-powered device that processes
the video signal from the camera on the glasses and transforms it into electrical
stimulation data. The electrical stimulation data and power are then sent to the Argus
Il Glasses for transmission to the implant. The VPU comes with a pouch and may be
worn by the patient. '

Argus Il Clinician Fitting System (CFS): Laptop computer that is configured with
dedicated, PC-based software that, when connected to the VPU, enables tailoring of
the electrical stimulation parameters for the patient {i.e. creating video configuration
files) in addition to psychophysical testing and monitoring and troubleshooting of the
system. The CFS is used in medical facilities and clinical research settings and is

“operated by authorized clinicians, researchers, or Second Sight personnel. Patients

do not operate the CFS nor do they use it at home.

Psychophysical Test System (PTS): Laptop computer that is connected to the
CFS. It can be used to run performance evaluation software.

Argus Il Communication Adapter (CA): A device which provides data
communication and electrical isolation between the VPU and the CFS.

Refer to Chapter 1 for a complete list of patient kit, clinician fitting components, and surgical
components.
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2.3 Description of System Components

2.31 Argus Il Retinal Prosthesis (Implant)

The implant is a medical device which is surgically placed on the outside and inside of the
patient’'s eye. The implant is comprised of the following components: (1) the electronics case,
(2) the implant coil, (3) the electrode array, (4) the scleral band, and (5) the retinal tack. The
array is secured in place over the fovea using a retinal tack. Figure 2.1 shows an illustration of
the Argus Il Right Eye Implant and Retinal Tack. Table 2.1 and Table 2.2 provide descriptions
of the components and accessories of the implant.

Figure 2.1 Argus |l Implant (Right Eye)

Note: lllustrations of the implant and tack are greatly enlarged to show detail.
Scleral Band

Electronics
Case

Electrode Array

Internal
Coail

’/ Retinal
Tack
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Table 21  Implant Components

Electronics
Case

A cylindrical, hermetically sealed case that contains electronic
components and an Application Specific Integrated Circuit
(ASIC) for processing the received data and using the
received power to generate the required stimulation output.
The case portion of the implant is affixed to the sclera via
sutures through the tabs located along the anterior edge of the
case.

Internal Coil

Also known as the implant coil, it contains a receiver and

.| transmitter antenna made of wire encased in silicone. The coil

communicates with an external coil on the Argus 1l Glasses.
The internal coil is also connected to and communicates with
the implant electronics case. When implanted, the coil is
affixed to the sclera via sutures through an inferior tab located
along the anterior edge of the coil.

Electrode
Array

The means by which electrical stimulation is delivered from the
case to the retina. -

The electrode array consists of a polymer cable that contains
the wire conductors and an array of 55 enabled platinum
electrodes where the conductors terminate. The electrodes
are secured in place centered over the fovea using a retinal
tack. '

The proximal end of the cable is connected to the package
while the distal end (the array) is attached to the retina. In
between, the cable traverses the eye wall through a pars
plana incision.

Silicone is used over much of the array to buffer the interface
of the polymer with the retinal tissues.

Scleral Band

In addition to the sutures described above, a biocompatible
sclera band that is equivalent to a 240 band used in scleral
buckling procedures is used to hold the impiant on the eye.
When implanted, the band is held around the eye with a
silicone sleeve and is affixed to the sclera with a suture over
the band {and/or sclera tunnel) in each of the nasal quadrants.

Chapter 2 Product Description
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Table 2.2 Implant Accessories

Retinal Tack Modeled after a standard retinal tack, with the addition of an
integrated spring, this tack is used to affix the array to the
retina.

VPU-Implant CD containing configuration information for matching a VPU
Matching CD | with a specific implant.

23.2 Argus Il Glasses

Figure 2.2 shows the Argus Il Glasses for the right eye implant. The RF board and coil of the
glasses for the left eye implant are attached to the left side of the ear piece. Table 2.3 and Table
2.4 provide a description of the components that make up the glasses and the associated
accessories.

Figure 2.2 Argus |l Glasses (Right Eye)

RF Board ——»

External Coil — :
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Table 2.3 Glasses Components

Glasses

Provide a convenient and discrete way to house the video

camera and equipment needed to power and communicate with
the implant. The glasses are worn by the patient when he/she is
using the Argus Il System. :

Camera

" A miniature video camera is mounted in the center of the

glasses frame, above the nose bridge. When the system is
operating, the camera conveys a steady stream of video data to
the Argus Il VPU, via the glasses cable.

Note: Do not adjust the camera. Any adjustment of the camera
may damage or affect the performance of the camera.

RF Board /
External Coil

Contains receiver and transmitter antennae, and a radio
frequency (RF) electronics board. The coil is mounted on the
ear piece of the glasses, on the same side as the implanted eye.
It communicates via telemetry with the internal coil on the
implant and with the VPU via the glasses cable.

The external coil’s position is adjustable in order to optimize
alignment with the internal coil and to improve patient comfort.

Glasses Cable

Provides a connection between the Argus |l Glasses and the
Argus Il VPU. It contains separate conductors for each of its
three functions: (1) Convey power from the VPU to the camera
and video signals from the camera to the VFPU, (2) Convey data
and power from the VPU to the external coil/RF board; (3)
Convey implant status information from the external coil/RF
board to the VPU.

Table 2.4 Glasses Accessories

Travel Case

A durable case provided to the patient to safely store and
transport the glasses (as well as the VPU and batteries) when
not in use. -

233 Argus |l Operating Room (OR) Coil

The Argus Il Operating Room (OR) Coil is used to test the pre-operative and intra-operative

functionality of the implant. The OR coil is shown in Figure 2.3. Table 2.5 provides a description

of the components that make up the OR caoil.

Chapter 2 Product Description 2-5
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RF Board =

Figure 2.3 Argus Il OR Coil

e

Table 2.5 OR Coil Components and Accessories

External Coil

RF Board /
External Coil

This component is the same as the RF coil and board on the
glasses. This component is placed in a sterile sleeve for
placement in the surgical field to confirm the intra-operative
functionality of the implant.

Sterile Sleeve

Sterile sleeve for housing OR Coil when placed in the surgical
field. (not shown in the picture above)

2.3.4 Argus Il Video Processing Unit (VPU)

Figure 2.4 shows the Argus Il Video Processing Unit (VPU). The VPU LED indicators are shown

in Figure 2.5. The functions of the LEDs are described in Table 2.6.

Figure 2.4

Argus Il VPU Connections to CA and Glasses Cables

Chapter 2 Product Description
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Figure 2.5

VPU LED Indicator Location

A : Green
mber : LED
= e
| u Orange
T LED
to
[

Table 2.6 VPU LED Indicators

‘Light Color Light Flashing Meaning

Green Fast Periodic. The VPU is going through system start-up
blinking diagnostic testing. The start-up testing takes

approximately 30 seconds.

Green Slow periodic The VPU is operating normally.
blinking (1 per
second)

Green Very slow periodic The VPU or implant has a problém that was
blinking (1 every 2 detected by the VPU at start-up. Note: This
seconds). In only occurs when the VPU is connected to the
addition, the CFSsS.
amber LED is lit
solidly.

Orange Solid llluminates if the video signal from the camera
is not being received by the VPU. The LED will
stay on until the video signal is re-established.

Amber Solid There is a loss of communication between the
implant and external coil (on the glasses) due
to movement or removal of the Argus Il
Glasses while the system is operational or if
the VPU detects a problem with the implant
and shuts off power to the implant.

Amber Blinking There is intermittent communication loss

' between the implant and_.the external coil.

Chapter 2 Product Description
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A multi-view illustration of the VPU is provided in Figure 2.6. The components of the VPU and
its accessories are described below in Table 2.7 and Table 2.8.

Figure 2.6 lllustrations of the VPU and its Components

LED Indicator
lights Glasses Cable
Receptacle

S
NN

")
Q

P Power Button

Inverse Setting

\'

S

;' ol
i/// 4—-"‘" Button
Program Setting 1 & | — Audible RF Link
l'i Alarm Button
Program Setting 2 S

<«—— Right Side
of VPU

Program Setting 3

Y
\—=\

Battery in
Receptacle

Left Side
of VPU /'

\z

Battery
Latch

Bottom of VPU  Communication Adapter Connector
{Only used in the clinic)
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Table 2.7 VPU Components

VPU Case

The VPU case is approximatély 11 ecm x 7 cm (4" x 37). It fits into
the VPU pouch for easy carrying by the patient when the Argus i
System is in use.

Power Button

A round-shaped button located on the right-hand side panel of the
unit, this powers the VPU on and off. The button must be pressed
down and held for at least two seconds to switch the VPU on and
off.

Program Setting
Buttons

The oval-shaped buttons located on the front panel of the unit that
are used to select one of three program settings. The button with
a single circle corresponds to Program Setting 1. The button with
two circles corresponds to Program Setting 2 while the button with
a small bar corresponds to Program Setting 3. The default setting
is Program Setting 1. The VPU will default to use Program Setting
1 when powered on.

Inverse Setting

The square-shaped button located on the right-hand side panel of

Button the VPU. This button is used to invert the image from black-to-
white and white-to-black. Each time the button is pressed, the
image is inverted.

Battery Located on the bottom third of the front panel, the receptacie is

Receptacle where the rechargeable battery is installed on the VPU. The
receptacle has a keying mechanism that prevents incorrect
installation of the battery.

Battery Latch Located on the left side of the VPU, this two-position sliding latch

automatically slides into the “locked” position when a battery is
properly inserted into the receptacle. To remove a battery, the
operator must first slide the latch to its “un-locked” position. Refer
to the section “Changing a VPU Battery” in Chapter 5.

LED Indicators

Three LED indicator lights located on the front of the VPU in
between the oval control buttons that give visual indication of
operating status of the system. The different LEDs are described
in Table 2.6.

Chapter 2 Product Description . 2-9
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Audible RF Link
Alarm Button

The star-shaped button located on the bottom of the right side of
the VPU is used to enable or disable the audible alarm that
indicates if the communication link with the implant has been
interrupted. The default setting is “RF link alarm on”. Itis set to
the default every time the VPU is switched on.

Audible Alarm An audible alarm creates seven distinct audible alerts to indicate
various operational conditions of the system. The audible alerts
are described in Table 2.9.

Glasses A round, recessed connector port on the top of the VPU that

Receptacle accepts the cable coming from the Argus |l Glasses. The cable

should be securely connected before the VPU is powered on.
Refer to the section “Connecting the Equipment in Stand-Alone
Mode” in Chapter 4.

Communication
Adapter {CA)
Connector

Located on the bottom of the VPU, this rectangular shaped
connector accepts the cable coming from the communication
adapter. It is protected by a metal door when not in use. To open
the metal door, loosen the two screws on the metal door slightly
until you can slide the door open. Close the door after the VPU is
disconnected from the CA cable and tighten the screws.

Table 2.8 VPU Accessorigs

Battery

Sony InfoLITHIUM M Series Model Number NP-FM500H (smali
size} and NP-QM71D {medium size) are approved for use with
the VPU. Refer to the “Battery Maintenance” Section in Chapter
5 for installation of battery. Depleted batteries can be recharged
by using the battery charger. On average the small battery will
last 2.5 to 3.5 hours and the medium battery will last 4 to 6
hours.

Battery Charger

A battery charger is provided to the patient to recharge the
battery.

WARNING Use only Second Sight-supplied
rechargeable batteries to power the VPU

A and the Second Sight-supplied battery
charger to recharge the batteries. Use of

‘other batteries may damage the VPU or
:cause it to function improperly.
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VPU Pouch The pouch allows the VPU to be worn on the body. It can be
adjusted to hold the VPU in the most comfortable orientation.

Travel Case A durable case provided to the patient to safely store and
transport the VPU, glasses and batteries when not in use.

Table 2.9 VPU Audible Alarms

Sound Meaning

Single short beep A button has been pressed (for example,
program setting adjustment).

One beep followed by a pause, ‘The VPU is turning off. This occurs when the
followed by two short beeps power button is pressed while the VPU is on.
Four short beeps The VPU is starting up.

Three short beeps An error has occurred and the VPU is about to
shut down automatically. :

Periodic beeping pattern Low battery voltage warning. The battery should
(3 short beeps foliowed by 1 be replaced as soon as this sequence is heard.
long beep, followed by 3 short
beeps, followed by a long

pause)

Slow periodic beep There is a problem with the video signal. Refer

(1 every 2 seconds) to Chapter 6 for troubleshooting.

Fast periodic beep There is a loss of communication between the

(2 per second) implant and external coils (on the glasses). This
sound can be turned off by pressing the star-
shaped button on the right side of the VPU, as
shown in Figure 2.6. Refer to Section 3.8.2 to
adjust the sensitivity of the RF link alarm. .
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2.3.5 Argus Il Clinician Fitting Sysiem (CFS)

Figure 2.7 shows the components of the Argus Il Clinician Fitting System. In addition to the
glasses and VPU, Table 2.10 provides a description of the components that make up this
system.

Table 2.10 CFS Components and Accessories

Clinician Used to customize and configure the patient’s stimulation/fitting
Fitting System parameters, to electronically record data, to display VPU and
(CFS) Laptop implant status infoermation, and to troubleshoot the Argus Il System.

CFS includes a laptop computer with dedicated Argus Il clinician
fitting software. Power supply unit for recharging the PC battery is
also provided. ‘

Communication Provides an optically isolated communication channel between the
Adapter (CA) CFS laptop and the VPU.

CAUTION: The CFS-CA cable shouid only be plugged in the
USB port marked “CFS-CA Cable”. Plugging in
other USB ports not marked “CFS-CA cable” may
result in interruption of normal use of the CFS.

USB Archive Drive | External USB Drive for archiving of files from the CFS laptop.

USB Security Drive | USB thumb drive containing security files to enable clinician’s

. access to the CFS laptop. The security files contain encrypted
login information for authorized users to access CFS and can be
provided and updated by Second Sight.

USB Video Settings | USB thumb drive containing video settings that can be loaded to
Drive the VPU.

USB Data Transfer | USB thumb drive for transferring selected files from the CFS laptop

Drive to Second Sight for data analysis.

CA-VPU Cable Cable providing connection between the CA and the VPU.

CFS-CA Cable USB cable providing connection between the CFS laptop and the
CA. ‘

Touch Screen Used during the camera alignment procedure or other tests to

Monitor record the patient's responses. :

User Input Device | A user input device used during psychophysical tests.
(Logitech®
Gamepad)

Chépter 2 Product Description ' . 2-12
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Figure 2.7 External Components of the Argus Il Clinician Fitting System
(CFS) Configuration

CFS Laptop

Communication Archive Drive

Adapter

VPU

Glasses

2.4 System Configurations

The Argus Il Retinal Prosthesis System operates in three configurations. They are for surgery,
device fitting, and use outside the clinic. Each of these is described below.

Chapter 2 Product Description 2-13
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241 Operating Room (OR) Configuration (OR Mode)

The functionality of the implant can be tested pre-operatively and intra-operatively by using the
Argus Il OR Coil that is placed in close proximity to the implant. The OR coil communicates the
status of the implant to the Argus Il VPU (configured for OR use) which is connected to the CFS
laptop via a cable through the Communication Adapter. The OR configuration is shown in Figure

2.8

Figure 2.8 Operating Room (OR) Configuration

CFS Laptop

Communication
Adapter

OR Coll
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2.4.2 Clinician Fitting System Configuration (Clinic Mode)

The clinician fitting system configuration, also known as clinic mode, as shown in Figure 2.9,
includes the glasses, the VPU, the CFS laptop, and the CA. This configuration enables
diagnostic testing of the implant, the adjustment of various parameters to optimize the
performance of the system, and psychophysical testing with a patient. The Argus Il VPU is
connected to the CFS laptop via cables through the communication adapter. Diagnostic tests
can be run and programming parameters can be adjusted and downloaded to the VPU. This
configuration allows sophisticated psychophysical testing and analysis to be performed by
capturing patient responses to computer generated stimuli.

Figure 2.9 Clinic Mode Configuration

CFS Laptop

Communication
Adapter

Glasses
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24.3 Stand-Alone Configuration

The stand-alone configuration, shown in Figure 2.10, consists of the Argus Il Glasses and VPU.
This configuration can be used in or outside the clinic. In this configuration, the video camera,
which is attached to the Argus Il Glasses, captures live video. The video signal is sent to the
Argus Il VPU (powered by a rechargeable battery), which processes the signal and
subsequently transforms it into electrical stimulation patterns. The electrical stimulation data are
then sent to the coil mounted on the glasses. The coil sends both data and power via radio
frequency (RF) telemetry to the implant. The implant coil receives the RF commands which
control an Application Specific Integrated Circuit (ASIC) which in turn delivers stimulation to the
retina of the patient via an electrode array. Note: The Argus Il Implant is electrically active
only when it is powered by the VPU; otherwise, the implant is a passive device.

Figure 2.10 Stand-Alone Configuration

4+—— (lasses

2.5 System Safety

251 Equipment Safety, Handling, and Storage

The CFS laptop is connected to the Argus Il VPU using an optically isolated serial connection
(Argus || Communication Adapter). Because it is optically isolated, the serial connection
assures that no electric leakage current can flow from the Argus Il Clinician Fitting System to the
VPU and glasses.

Use only Second Sight-supplied rechargeable batteries to power the VPU and the Second
Sight-supplied battery charger to recharge the batteries. Use of other batteries may damage the
VPU or cause it to function improperly.
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Take care when storing and handling the CFS and other programming equipment, the VPU and
glasses, as improper care or storage can result in damage to the equ1pment Following the
guidelines below can extend the lifetime of this equipment.

1.

2.5.2

Magnetically Sensitive Storage Devices. Do not place magnetically sensitive
storage devices (credit cards, computer floppy disks or hard disks) near the Argus |
System while it is operating. The electromagnetic field generated by an operational
system may corrupt the information stored on such devices.

Unapproved Components. Use only components and accessories supplied by
Second Sight with the Argus 1l System. The use of unapproved components may
cause damage to the equipment, resulting in loss of stimulation and/or injury. The
unused ports and connectors of the fitting system are inaccessible without the use of
a tool and should be accessed only by Second Sight personnel.

Exposure to Liquid. Do not expose the external equipment (VPU and glasses) to
any liquid (for example, rain, shower, swimming pool, or ocean) as it may render the
device inoperable.

Storage of the Argus Il VPU and Glasses. Store the packaged Argus || VPU and
glasses at temperatures between 0°C (32°F) and +45°C (113°F). Do not expose the
external equipment to temperature below 0°C or above +45°C as this may render the
device inoperable.

Usage Temperature Range. The temperature range for normal use shouid be
between 0°C (32°F) and +40°C (104°F).

Handling the Glasses. Handle the glasses with care, especially when putting them
on or taking them off. Do not over-extend the arms of the glasses when putting them
on or taking them off as this may break them. Do not fold the arms of the glasses to
shut them. The arms are not designed to be closed and trying to fold them may
break them. Do not wrap the cable around the VPU or glasses since, over time, this
may cause damage to the cable.

Traveling with the External Equipment. It is recommended that you store the
VPU, glasses, and batteries in the travel case provided by Second Sight as this is
designed to protect the equipment. It is also recommend that you uninstall the
battery from the VPU during transit, so as to avoid accidentally turning on the VPU
which could drain the battery. Do not place anything on top of the glasses or VPU.

Interference. The Argus Il System may interfere with certain radio frequencies. If
interference occurs, you should extend the distance between you and the radio, or
turn off the Argus Il VPU.

Data Handling

All patient data are stored on the hard disk of the computer. We recommend that all patient
data be backed up after each fitting session to avoid data being destroyed or lost. The USB
archive drive provided by Second Sight can be used for this purpose.

* Chapter 2 Product Description : 2-17
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Use of the CFS: Do not use the Clinician Fitting System (including all the peripherals that
attach to the CFS computer) to perform general purpose computing tasks. Do not load any
unauthorized applications onto these computers or save any other data on the hard drives.
These computers are dedicated solely for use with the Argus Il System and are configured to
support this dedicated use.

2.5.3 Patient Safety

The Argus |l Retinal Prosthesis System is designed to protect the patient from hazardous
stimulation using several safety measures for both the software and hardware. These safety
measures include: a VPU start-up test to check the implant functionality, an electrode integrity
test to ensure only functional electrodes are stimulated, a charge density limit for stimulation on
each electrode, and a maximum simultaneous stimulation current limit for the system.

Any time stimulation is sent to the VPU, the stimulation parameters are checked to ensure that
maximum charge per phase limits, charge balance, and power limitations are met before the
test stimuli are sent to the VPU to make certain that stimulation is safe.

Although safety and precautionary measures have been implemented in the hardware and
software to prevent unwanted stimulation, it is the clinician’s responsibility to ensure that such
stimulation is prevented. The foilowing procedures should be followed to ensure safe
stimulation of the system: ‘

1. Matching the VPU to the Implant. Always configure a VPU for the patient’s implant

prior to using the VPU with the patient for the first time. This procedure is typically
performed by Second Sight trained personnel. Failure to do so could result in less
accurate threshold measurements, distortion of the presented image, and
discomfort. When discomfort occurs the system should not be used, and settings
should be analyzed and adjusted as needed.

2. Matching the VPU to the Patient. When providing an Argus Il VPU to a patient, be
certain that it is the correct VPU for that patient by checking the patient ID label on
the VPU. If a patient uses another patient's VPU, they may experience pain,
discomfort, or unsafe stimulation.

Troubleshoot promptly or contact Second Sight if the patient reports perceptual change or
discomfort during the use of the devnce
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3 Argus Il Retinal Prosthesis System
Device Fitting |

3.1 Introduction

The Argus Il Clinician Fitting System (CFS) is used to configure the Argus Il System stimulation
parameters and video processing strategies for each patient. Within the CFS are modules for
implant diagnostics (impedance and electrode voltage waveform measurements), device fitting
(ranging from perceptual threshold measurement, camera alignment, to creating customized
video configuration files (VCF} for each patient), and video stimulation module. The video
stimulation module can be used to change video filters, download video configuration files to the
VPU and store them in the VPU memory.

Figure 2.7 provides a photograph of the external system in the clinician fitting system
configuration.

3.2 Connecting and Powering on the Clinician Fitting System

CAUTION: Before connecting the CFS laptop or cables, ensure that the
' VPU is powered OFF.

CA should only be plugged in the USB port marked “CFS-CA
Cable”. If not, it may result in interruption of normal use of the
CFS. ' : -

Before the first use of the system after implantation, make
certain the VPU is configured for Clinic Mode and not OR Mode.
Refer to Section 3.6 below.

WARNING Failure to follow these recommended instructions for powering

the fitting system could result in electric shock. The fitting
A system may require as many as three power supply units be
connected to electrical outlets at the same time. While the

fitting system is designed to provide user safety, use of a power
strip to power all three power supply units may result in
excessive currents flowing from the fitting system to earth
creating a possible hazard. Ensure any power strip used is
properly rated and not placed on the floor when in use.
Additionally, in any fitting system configuration, it is important
that the operator of the system not touch the patient and any
component of the fitting system at the same time, as this may
also present a path for excessive currents to flow. Only use the
Lenovo AC adapter 92P1105 or 92P1156 power supply unit for
the CFS and PTS laptops. Only use the HITRON HES49-12040
power supply unit for the touch screen monitor.

Chapter 3: Device Fitting and Psychophysical Testing 3-1

(2t



WARNING Only use items that have been specified as part of the Clinician

Fitting System including cables, power cords and power
A supplies.

1. Install the battery into the VPU. To install, slide the VPU battery latch so that it opens
and set the battery in the battery receptacle. Slide the battery in the receptacle
across the front of the VPU until the battery latch can be released back down into its

locked position.

Note: Do not power on the CFS until Step 6 and the VPU until Step 8.

2. Connect the CA to the USB port marked "CFS-CA cable” on CFS laptop using the
CFS-CA Cable. ‘

3. Connect the CA to the VPU using the CA-VPU Cable.

4. Connect the Psychophysical Test System (PTS) laptop to CFS using the CFS-PTS
cable (optional).

5. Connect the glasses cable to the VPU.

6. Switch on the CFS laptop by pressing and holding down the power button. Switch
on the PTS laptop (optional).

7. Have the patient put on the glésses. The patient should be informed that he or she
may see percepts during the following tests.

8. Turn on the VPU by pushing down and holding the round-shaped power button
located on the right side of the unit for at least two seconds. Four short beeps will
signal that the system is turning on.

Immediately after the VPU is turned on, it performs a series of start-up tests. These
tests will complete within 30 seconds. During this time the green LED indicator on
the VPU will blink rapidly. Once these tests are complete, the green LED indicator
will blink slowly to indicate that the system is in normal operation. Please refer to
Chapter 6 Troubleshooting if the VPU is powered off after the start-up test.

Note: During these start-up tests, if the communication between the glasses
and the impiant is lost, the VPU wili beep continuously. If this happens,
adjust the position of the glasses until the beeping stops, indicating that
link has been re-established. The glasses may be adjusted by either
moving them up or down on the bridge of the patient'’s nose and/or by
sliding the RF board/coil assembly forward or backward.
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3.3 Starting the CFS Software

1. Follow the section “Connecting and Powering on Clinician Fitting System” in this
~ chapter to connect the Argus Il fitting equipment.

2. Prior to using the CFS software, confirm with Second Sight personnel that the correct
security files which contain your encrypted login access have been loaded.

3. Switch on the VPU power button (refer to Figure 2.6) and wait for the start-up test to
complete. .

4. Onthe CFS laptop open the Argus [l CFS software by clicking on START and
selecting “Argus lI Clinician Fitting System” in the "All Programs” menu, shown in
Figure 3.1. The log in screen will appear requesting a username and password.

5. After entering the username and password, the main menu wilt be available, as
displayed in Figure 3.2.

Figure 3.1 Starting CFS

Arqus 11 Array Scanning »

Argus 1I Camera Alignment »
Argus 11 Clinician Fitting System  » 4

E‘ Arqus 11 Direct Stimulation 4
| 9 argus 11 Generate YCF Tool i

@ Argus I Hybrid Threshold »

@ Arqus II VCF Stepper »

All Programs E - Arqus T Clinician Fitking System

]I Turn OFF Computer
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Figure 3.2 Clinician Fitting Main Menu

o Argus I Clinkclon Fitlog Systom. . ____ . _____._______ = JOE3 |
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There are six options available on the CFS main menu startup screen:

1. Start Session

2. Transfer Data

3. Archive Data

4. Clone VPU |

5. Log Out

6. Exit
In order to obtain access to patient testing it is necessary to initiate a session by selecting the
“Start Session” option from the main menu. The following screen will appear requesting the
patient ID be entered (Figure 3.3). The patient ID should be in the format ##-#HH+t where ##

represents the hospital and ##4t# is a consecutive number to designate the patient (e.g., 97-003).

Figure 3.3 Starting a New Patient Testing Session

feer = - - s
Start New Session

Patient ID:

[ xx-001| |

[ ok | {cancel |
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After the patient |D has been entered, the “End Session”, “Patient Testing”, and “Maintenance”
buttons will be enabled, as shown in Figure 3.4. The software version number is displayed at
the bottom left corner of the screen. _

Figure 3.4 Initiating Patient Testing

=
)

"] Asgas U Clinician Fitling System R

&} second Sight  Clinician Fitting System
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Administrative Tasks
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“Patient Testing” is selected in order to perform device diagnostics and fitting.

“End Session” is selected to close a patient testing session without logging out (see below).
Another patient testing session may be initiated by pressing the “Start Session” button.

“Maintenance” is selected in order to change the VPU configurations such as OR mode/Clinic
. mode, synchronizing the VPU clock, or changing the VPU audible alarm settings. Refer to
Section 3.4 for detailed description on how to change VPU configurations.

“Log Out” allows the current user to log out of the testing session. A new user may log in to
start a new testing session without closing the CFS software.

“Transfer Data” is selected when copying session data to a thumb drive for transfer to Second
Sight.

“Archive Data” is selected when archiving all session data files on the CFS laptop to the external
drive provided. :

“Exit" is selected to exit CFS.

“Patient Testing”, “Maintenance”’, “Transfer Data”, and “Archive Data” are described in more
detail in this chapter. '
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3.4 Argus ll Video Processing Unit (VPU) Configurations

Prior to using an Argus Il Video Processing Unit (VPU) with a specific implant or patient, the
VPU must be configured. There are two VPU configurable modes: Operating Room (OR)
mode and clinic mode. [n the clinic mode, if the impedance value of an electrode exceeds the
specified normal range, the VPU will disable the electrode automatically. In the OR mode, the

VPU does not disable electrodes automatically. This is because during the implant surgery, the

impedance values may be out of range if the electrodes are not in contact with tissue or fluid.

341  Configure the VPU for OR Mode

Note: Some processes may only be performed by trained Second Sight

personnel.

Prior to using a VPU during the implantation procedure, the VPU must be configured to “OR

mode”. The following steps must be performed:
1. Login and enter the patient ID.

2. Click on the "Maintenance” button under Administrative Tasks.

3. Select “Diagnostics Settings”, the “Operating Room Mode” field will display, as

shown in Figure 3.5. If the field is true, this means the VPU has already been

configured for OR use. If the field is false, it means the VPU is not in OR mc_ade.

Figure 3..5 Change VPU Configuration in CFS Maintenance Screen

W _Argus H Clinician Fitting System
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RF Power
[Brightress Scaing

4. Configure the VPU for OR use by clicking on the “Edit” button shown in Figure 3.5.
Follow the instruction to triple-click on the field, and the OR mode check box will

display, as shown in Figure 3.6. Check the box and click on the “Commit Changes’

button.

]
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Figure 3.6 Change VPU Configuration to OR Mode

(3 Diagnostics Settings ... e e E
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-| Operating Room Mode: 4

[ Commit Changes |

5 Perform VPU-Implant Matching. Each Argus Il Implant has certain custom
" specifications. To optimize the performance of the system and for safety reasons, the
VPU used with the implant must be configured or “matched” to the implant. To match
a VPU to an implant, the Second Sight personnel use the VPU-Implant Matching CD
that is provided with each Argus Il Implant, and program the VPU with the patient ID.
This process can only be performed by Second Sight personnel.

6. Clearly label the VPU using the label provided by Second Sight with the following
information: OR mode, implant serial number, and patient ID.

342 Configure the VPU for Clinic Mode

Prior to using a VPU with a new patient for the first time in the clinic, the followmg steps must be
performed to configure the VPU:

1. Follow the steps in Section 3.4.1 to configure the VPU for clinic mode by changing
the VPU OR mode to False in the maintenance screen and confirm the change.

2. Confirm with Second Sight personnel that the VPU is matched to the Argus [l Implant
(a copy of the VPU-Implant Matching CD is required for this step).

3. Confirm that the VPU is configured with the patient ID.

4. Confirm that the VPU is labeled with the VPU mode (i.e. ¢linic mode), the implant
serial number and patient 1D.

WARNING To reduce the risk of infection during patient testing
sessions in the first month following any surgical

A intervention on the implanted eye, wear-clean gloves
and wipe any part of the Argus Il Glasses which
touches tissue around the patient’s eye with either an
alcohol or germicidal wipe. Allow the glasses to air dry
before placing them on the patient.
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3.43  Synchronize the VPU Clock
Note: This procedure is only conducted if requested by trained Second Sight personnel.

The VPU has an internal clock which allows it to track some events such as when it is switched
on and off, how well the implant and VPU function, and whether and when the communication
between the implant and VPU is interrupted. This information is useful in monitoring the home
usage of the device and advanced troubleshooting. It is loaded to CFS once the VPU is
connected to CFS and can be transferred to Second Sight for further analysis. In order to track
these events accurately, the VPU clock should be set correctly. The CFS software allows the
user to synchronize the VPU clock with the CFS computer clock To synchronize the VPU clock
with the CFS clock, follow these procedures:

1. Make sure the clock on the CFS computer is set correctly to the Greenwich Mean
Time (GMT) with automatic daylight savings adjustment disabled.

2. Connect the VPU to CFS and switch the VPU on.

3. Start CFS and log in. Click on “Start Session” and enter the patient ID.

4. Click on the “Maintenance” button and select the “Real Time Clock” tab, as shown in
Figure 3.7. Click the "Synchronize the VPU clock with the current time” button to set
the VPU clock to be the same as the CFS cIock

Figure 3.7 Synchronize the VPU Clock
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5. Once the software indicates the VPU clock is successfully set, click on the “Read
the VPU clock” button to check whether the VPU clock matches the CFS clock.

6. If the VPU clock cannot be synchronized to CFS clock, contact Second Sight using
the information provided in Section 1.6.

3.5 Left and Right Eye Electrode Array Position Reference for Post-
Operative Procedures

When performing post-operative procedures, it may be important to note the position of
particular electrodes on the Argus Il Implant. The position of electrodes differs depending on
whether the information is presented from the patient’s visual field perspective or the
perspective of looking into the patient’s eye (retinal photo). These two perspectives are
depicted in Figure 3.8. '
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Figure 3.8 Left and Right Eye Electrode Position Reference for Post-
Operative Procedures
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3.6 Initiating Patient Testing

1. Prior to initiating a “Patient Testing” session, the VPU must be on and must have
completed its start-up tests by establishing an RF link with the implant. Have the
patient put on the glasses. Turn on the VPU.

2. If the VPU emits a periodic audible beep indicating no RF link, adjust the glasses
until link is obtained with the implant. The VPU will emit an audible periodic beep
until link is obtained.
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3. Once link has-been obtained, the audible beep will stop and the green LED indicator
on the VPU will continue to blink fast to indicate that the start-up tests are being
conducted. These tests should last approximately 30 seconds. Tell the patient that
he or she may see percepts during these tests.

4. Once the tests are complete, the VPU will blink moderately (approximately 1
blink/second) to indicate the implant passed the start-up tests. {f the VPU is blinking
slowly (approximately 1 blink every 2 seconds), then this indicates that there is a
problem with the implant. Contact Second Sight if this occurs.

5. Log into CFS, press the “Start Session” button, enter the patient ID and then click on
“Patient Testing”.

6. If this is a new patient ID, the New Patient Screen will appear. Click “Yes" to accept
the new patient. If the ID is entered in error, the software will display an error
message and click No and re-enter the patient ID. A confirmation screen will appear.
Click on “Yes” again to confirm.

Select an Qption _ ﬁ

"
@ No existing data found for XX-001 Is this a new patient?

[yes J[ no | [cancel)

Select an Optlon 7

f""__
e ) Please confirm new patient XX-001

[_es rNo ] Cance!]

3.7 Impedance and Waveform Measurements

3.71 Diagnostics Module

After successfully initiating patient testing, a diagnostic application is automatically initiated to
display the status of the implant. Through this application, an electrode integrity check is
performed, electrode status is displayed and the impedance and waveforms for each of the
electrodes can be measured. The diagnostic data (transferred from the CFS laptop to the USB
Data Transfer thumb drive) will be sent to Second Sight for monitoring and analyzing the
electrode function over time. The steps for performing the diagnostic checks are described in
this section.

1. After beginning'a testing session, a message box shown in Figure 3.9 will be
displayed in the event that any newly disabled electrodes are detected since the
previous session. If this message appears, click on “Acknowledge All” to
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acknowledge any newly disabled electrodes. Contact Second Sight if the patient
reports any decline in perception due to the new electrodes being disabled.

Figure 3.9 Acknowledging Newly Disabled Electrodes

If no newly disabled electrodes are detected, this message box will not appear and the
Diagnostics Screen (Figure 3.10) will automatically appear.

The “Diagnostics” tab has an orange bar over the top to indicate that the Diagnostics
Module has been initiated.

Figure 3.10 Diagnostics Screen
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Diagnostic Module Screen Features
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A. Session Information is located at the top and bottom of the Diagnostics Screen. The
following session information is displayed:

« PatientID.
+ VPU Firmware Version Number.

» Charge Density Limits (CDLs): This displays the Charge Density Limit

* in mC/em? for both the PC and standalone modes. The PC mode refers
to the VPU being connected to CFS. The standalone mode refers to the
VPU not being connected to CFS.

e The CDL for standalone mode is set at 0.35 mC/cm? by default. The CDL
for PC mode is configurable by a Second Sight personnel. |tis setto 1.0
- mC/cm? by default.

» RF Signal Strength Meter: This displays the RF signal strength and the
nominal value in the middle of the meter.

» VPU: This displays the status of the connection of the VPU to the CFS.
It will be illuminated green if a connection is detected. If no
communication is detected, the box will appear yeliow.

» Implant: This displays the status of the communication of the implant to
the CFS. It will be illuminated green if communication is detected. if no
communication is detected, the box will appear yellow.

o Stimulation: This displays the status of stimulation (i.e., whether or not
stimulation is occurring). When stimulation of the implant is occurring, the
indicator box next to “Stimulation” will be green. When stimulation is not
occurring the box will be grey.

s The User, Date and Time, and CFS Version Number are displayed on
the bottom of the screen. The array type and right or left eye
configuration is indicated on the right side.

B. “Measure Impedance” — Initiates impedance measurement for all electrodes
C. “Measure Ali Waveforms” —Initiates waveform measurement for all electrodes
D. Disabled Electrodes/Impedance (in kQ) — a 10 x 6 electrode grid representing each of

the implant electrodes. The view of the electrodes is from the perspective of the patient's
visual field. The electrodes shown as “®" are designated as disabled (electrode FO3 in
Figure 3.10). When measuring impedance, the values will appear directly under each
represented electrode.

Note: Impedances will be measured for electrodes designated as disabled, but
no other stimutation will occur on these electrodes.

E. Impedance Scale - Color coded scale for impedance values. After measuring
impedance, each of the represented electrodes in the grid will be color coded based on
where its impedance value falls within the scale.

1. Verify that the indicator boxes above VPU and Implant are iluminated green. If the
VPU indicator box is yellow, verify that the VPU is properly connected to the CFS via
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the CA. If the Implant is yellow and/or the VPU is sounding an audible alert
indicating that communication with the implant is not established, adjust the patient’s
coil on the glasses to establish link. If connection problems persist, refer to Chapter 6
(Troubleshooting) for additional information.

To measure impedance, click on the “Measure Impedance” button. The following
message box will appear that indicates the progress of obtaining impedance
measurements. This process should take less than 30 seconds. To cancel the
impedance measurement prior to its completion, press the “Cancel” button.

(o |

Estimated remaning time: 21 seconds
|NERRS |

The measurement of impedance requires a good link between the implant
and the glasses throughout the measurement.

Once the impedance measurements are completed, the impedance values (in kQ) will be
displayed on the screen under each represented electrode (Figure 3.11). Each of the electrodes
will be color coded based on where the impedance value falls within the impedance scale from
0 to 55 kQ. The impedance values for the patient are automatically stored in a file on the CFS
laptop. This file will be transferred to the data transfer thumb drive during Transfer and should
be sent to Second Sight for further analysis (refer to Section 3.14.1 “Transfer Data”).

Figure 3.11 Impedance Measurement Screen
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3. To measure waveforms, click on “Measure All Waveforms.” The following message
box will appear that indicates the progress of the waveform measurements.

Measure All Waveforms [?l

Measurmg waveforms...

Please ensure that the Implant Ilnk remains
connected so that the measurement can
continLie without delay. :

o )

The indicator box for Stimulation (top of the screen) will flash green during measurement of
waveforms. :

Note: The measurement of waveforms requires a good link between the implant
and the glasses throughout the measurement. It typically takes between 3
and 5 minutes for the waveform measurements to be completed.

Once the measurements are complete, the message box will disappear and the stimulation
indicator will stop flashing green. The waveform information will be stored in a file on the CFS
laptop. This file will be transferred to the transfer thumb drive and can be submitted to Second
Sight for analysis (refer to Section 3.14.1 “Transfer Data").

The waveforms for each of the electrodes can be viewed from the Waveform Viewer module.

The Waveform Viewer module is a utility that may be used to measure and view the waveform
of a selected electrode.

1. Click on the tab entitled “Waveform Viewer.” The screen shown in Figure 3.12 will
appear.

Chapter 3: Device Fitting and Psychophysical Testing 3-14
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Figure 3.12

Waveform Viewer Screen
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2. Verify that the indicator boxes above VPU and Implant are illuminated green. If not,

refer to Chapter 6 (Troubleshooting) for additional information.

3. From the list of the electrodes at the bottom of the screen (displayed ina 10 x 6
configuration with their electrode names), click on the specific electrode for which

you wish to measure the waveform. This will send a command to the VPU to record

the waveform and to send back the information to the CFS so the waveform data

may be presented on the screen. Figure 3.13 shows an example in which the

waveform of BO5 is measured during stimulation. By right clicking on the mouse, a

pop-up window will appear that will allow you to zoom in and zoom out on the

displayed waveform.
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igure 3.13

Example Waveform for Electrode B0S
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4. To save the waveform, click on the “Save Waveform” button. A dialog box will then
appear asking where you wish to save the file. Select the location and click “Save”.

3.7.2 Options

By selecting the “Options” tab in the CFS the user can choose either “Use Pulse measurement
strategy” or “Use Frame measurement strategy” for measuring waveforms, as shown in Figure
3.14. The Pulse measurement only measures a portion of the waveform - the anodic and
cathodic part of the waveform. The Frame measurement measures the entire waveform frame
including the baseline. The default is Pulse measurement strategy. Pulse measurement

strategy requires less time

to complete.

Figure 3.14
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3.8 RF Calibration and RF Link Alarm Adjustment

38.1 RF Calibration

The stimulation data and power are transmitted in radio frequency (RF) from the external coil on
the glasses to the implant coil. The distance between the coils and the relative angle between
them governs the strength of this link. The RF calibration tab, shown in Figure 3.15, displays
three parameters in real-time: Forward Power, V;and Isrh. Forward Power is the power that
the VPU supplies for telemetry. V4 is the RF voltage which corresponds with how much power
the VPU is transmitting. The most critical is the Isrh parameter, which is a measure of how
much power the implant is receiving. The position of the coil on the glasses and the glasses on
the patient’s head should be adjusted to maintain the Isrh value around the center of the
horizontal RF Strength Meter bar located at the top of the screen, as shown in Figure 3.15,
while subsequently trying to minimize V.

CAUTION: If the patient can feel the RF coil pressing against the
‘superior-temporal region of the implanted eye in the
area of the implant, the position of the RF coil should
be adjusted. The RF coil should not exert any pressure
or rub against the eye as this may cause discomfort or
harm the patient.

Figure 3.15 RF Link Calibration — Nominal
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When the distance and/or the angle between the coils is too large there Will be a loss of RF link
characterized by an audible alert from the VPU as well as a high V value and a low Isrh value
(Figure 3.16).
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Figure 3.16  RF Link Calibration — Loss of Link .

T T Y 4 () - |
Patient D: w4 Charga Denmity Limm (mCiomd)  RF Bignal Strangth
w F\rmware";.i TE 1.0 °¢35 :::’ | | | | [ |
PL Moas Slandaig) + 11 21 VPU Imatant Stimulation
gﬂos_u_c:.l waveformweweri RF Calbrabon ICama'a A_lwmmt! Fing AsmlTesmg!_Opnom!
T Forward Power (iversged): 1321 mW -7 Vi 31 - "isth (RF Signd Srengthy: 1
2000 L 32 64
20 ‘56
i
1500 24 - 48
i
1
1 0 40
| i
1000 ) 1% ’ "3z
12 L2
S0 B 16
L !
Q 0 =y
Current User Thu Mar 03 22:35:46 GMT 2011 CFSversion.. * §E I}

3.8.2 RF Link Alarm Adjustment

The VPU is in constant communication with the implant through the RF link. When the
communication is temporarily interrupted, the audible RF link alarm will beep approximately
twice per second to indicate the loss of communication with the implant. The star-shaped
button on the VPU is a toggle switch to turn the VPU RF link alarm on or off.

The CFS allows the user to adjust a set of parameters that control how sensitive or fast the
audible RF link alarm should react to the loss of RF link. The following three configurable
parameters can be adjusted in 8.3ms increments (i.e., the actual time for each parameter is
8.3ms times the value shown on the screen). These parameters are:

Implant Reconnect Time (range 7 — 120, Default = 30): Reducing this parameter will decrease
the time the system stops stimulation when the RF link is lost but will also reduce the battery
tife. ‘

RF Buzzer History Length (0 — 1200, Default = 240). The amount of time the VPU looks back
in time to see if the RF link has been maintained.

RF Buzzer On Threshold (0 - 1200, Default = 120): The amount of time during the history that
the link must be lost to cause the RF link alarm to sound.

Note: The RF Buzzer on Threshold cannot be greater than the RF Buzzer History Length.
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If the “RF Buzzer on Threshold” slider is set equal to the “RF Buzzer History Length”, the RF link
alarm will sound immediately upon loss of link.

Use the following steps to adjust these parameters:

1. Connect the VPU.to CFS and switch the VPU on. _

2. Start CFS and log in. Click on “Start Session” and enter the patient ID.

3. Click on the “Maintenance” button and select the “RF Power” tab, as shown in Figure
- 317

Figure 3.17  Audible RF Link Alarm configuration
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4. Adjust the parameters on the screen accordingly using the.sliders.

If the patient would like to set the RF link alarm to be léss sensitive to RF link loss, you can
increase the "RF Buzzer History Length” and "RF Buzzer On Thresheld” {e.g., RF Buzzer
History Length = 1200; RF Buzzer on Threshold = 1198).

3.9 Fitting Assistant

The Fitting Assistant tool in CFS guides users through the fitting process, employing standard
psychophysical techniques to measure the patient's perceptual responses to electrical stimuli,
and using the resulting values to produce a patient-specific Video Configuration File (VCF)
following standardized rules that are appropriate for most patients. Each of the modules in the
Fitting Assistant, described below, has an "Advanced” mode that can be used to create non-
standard VCFs in special circumstances. Advanced mode guidance is provided in Section 3.15;
situations for which the advanced mode is appropriate are described at the end of this section.

Note: For clinical trial protocol testing, Array Scanning and Hybrid Threshold measurement
should be done in the advanced mode as they require the inter-phase gap to be 0. If the VCF
needs to be created using-the protocol testing threshold values, it will be created using the
Generate VCF Tool in the advanced mode too.

The Fitting Assistant includes the following modules:

» Array Scanning — determines which electrodes yield a percept.

Chapter 3. Device Fitting and Psychophysical Testing 3-19

1o



¢ Hybrid Threshold — measures the perceptual threshold (the minimum current required to
produce a percept) for each electrode that yielded a percept in Array Scanning

¢ Generate VCF Tool — creates a V'CF for the patient based on the electrode thresholds

To run the Fitting Assistant on a patient for the first time:

1. Confirm that the charge density limit (PC Mode) is set to 1.0 mC/em?. If it is not, the
threshold measurement and array scanning cannot be completed properly. Contact
Second Sight to have someone change this value to 1.0 mC/ cm? if needed.

2. Ensure the Logitech® gamepad is connected to CFS and make sure the switch at the
bottom of the gamepad is in the "Direct Input" position.

3. Ensure that CFS indicates "WAITING FOR CONNECTION" in the “Testing” tab. Select
the “Fitting Assistant” tab.

4. This master screen, as shown in Figure 3.18, indicates the appropriate next step
throughout the fitting process. The first step is to run the Array Scanning module.

Figure 3.18  CFS Fitting Assistant Screen
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3.91 Array Scanning '

Array Scanning determines which electrodes reliably yield percepts at different stimulation
amplitudes in order to choose which electrodes should be tested for thresholds in the next step
of the process (Hybrid Threshold). Array Scanning stimulates each active electrode up to three
times at up to three amplitude levels at 234 pA, 452 pA, and 677 uA. The amplitude levels
correspond to charge densities of 0.34, 0.66, and 0.99 mC/cm?. if the patient does not detect
phosphenes in at least two out of three stimulations at the lowest amplitude, the electrode will
be stimulated at the next higher amplitude. Electrodes for which the patient experiences
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physical sensation or discomfort should be skipped at any time before or during this procedure.

The process is self-paced by the patient who enters his or her response for each stimulation.
The detailed procedure for Array Scanning is as follows:

1. Ensure that the Argus li Clinician Fitting System Software is running, the “Fitting Assistant”

tab is selected, and the screen indicates that Array Scanning is the next appropriate step.
Click the “Run Array Scanning...” button. .

2. Log in using your username and password and the patient’s ID.

In the Graphical User Interface (GUI) that appears (see Figure 3.19 below), the
measurement parameters have been set. These values are not editable.

Frequency: 20 Hz
Pulse Width: 0.46 ms
Inter-phase gap: 1 ms

Amplitude: 234 pA (for 0.34 CDL); 452 A (for 0.66 CDL); 677 pA (for
0.99 ‘CDL); 0

Duration: 250 ms

Number of Repeats: 3

Figure 3.19  The Array Scanning GUI with the Default Parameters
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3. Choose “Singles” or “Quads” depending on whether you want to run Array Scanning with
single electrodes or in groups of four (quad timing). For most patients, “Singles” will be the
appropriate setting, however, if the patient has 20 or fewer electrodes yielding percepts up
to 677 pA (at 0.46 ms), you can run Array Scanning in quad timing mode. Instead of
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stimulating each electrode individually, a group of four adjacent electrodes (quad) will be
stimulated simultaneously. A "quad” is four adjacent electrodes arranged in a 2x2 fashion
as (A01, A02, BO1, B02), (AO3, AO4, BO3, BO4)... (E09, E10, FOS, F10). When electrodes
are stimulated as a “quad”, it simply means they are stimulated simuitaneously as one timing
group. The quad is not equivalent to a single large electrode. They are not electrically
connected or wired together. ‘

For more information on quad VCF, see “Creating a Video Configuration File (VCF) with the
Generate VCF Tool” in section 3.9.3.

4. Use the "Skip Electrodes” checkboxes to select electrodes to be skipped; these electrodes
" will not be stimulated in the remaining steps of the Fitting Assistant. Only skip electrodes if
the patient reports an uncomfortable physical sensation or photophobia when a particular
electrode is stimulated. Click on the letter or number boxes to skip entire rows or columns of -
electrodes. :

5. Inform the patient about the measurement with the following suggested script:

“In this measurement, we're going to be stimulating different electrodes one at a time (or, if
running in Quads mode, “a few at a time"). Before each trial you will hear a beep;
immediately after the beep, an electrode will be stimulated, and you should press the “yes”
button if you saw something and "no”.if you didn't. The next trial will begin shortly after your
response. We'll be testing different electrodes, so you may see spots, lines or flashes in
different ptaces on different trials. You should not expect to see something on every trial.
This test will take between 5 and 10 minutes.”

6. When the patient is ready, click “Run”. The measurement can be canceled at any time by
clicking on the “Cancel” button.

7. A schematic of the array is shown on the GUI in Figure 3.20. Disabled electrodes are
denoted by a black “X" in the circle; skipped electrodes are denoted by a grey “X". Each
time an electrode is stimulated, a sound is played, a green circle appears around that
electrode in the schematic, and the electrode name appears at the top of the window. After
each stimulation, the patient should enter his or her response by pressing the appropriate

. button for “yes” or “no” on the Logitech® gamepad. The two right buttons located at the top
side of the gamepad correspond to “yes” and the two left buttons correspond to “no”.
Alternatively, the clinician can enter the “Yes” or “No” buttons on the GUI or the "y” and “n”
keys on the keyboard. The next trial will begin immediately after input.

8. I the patient answered “yes”, that electrode will be colored according to the legend (blue,
green, or yellow depending on the amplitude) and a ratio will indicate how many ‘yes’
answers were given for that electrode out of the number of stimutations at the current
amplitude. Figure 3.20 shows the GUI from a measurement in progress. '

Chapter 3: Device Fitting and Psychophysical Testing _ 3-22
{3



Figure 3.20  Array Scanning in Progress -
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All electrodes that are not disabled or skipped will be stimulated in a random sequence that
repeats up to three times at the lowest amplitude (if a percept is seen on an electrode only
once after two stimulations, it is stimutated a third time). After the lowest amplitude is
completed, the program continues to the next-highest amplitude according to the rules:

« If an electrode yielded a percept twice at the lower amplitude, it is not stimulated
again and is color-coded according to the legend.

‘o If an electrode yielded a percept zero or one times, it is included in the next round of
stimulations at higher amplitude. This ensures that electrodes are stimulated only at
the lowest level needed to yield a reliable percept.

After the final round of stimulations at the highest amplitude, the final GUI is displayed in
Figure 3.21. A list of the electrodes with at least two “yes” responses at any of the
amplitudes will appear in the Percepts list on the right.
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9.

Figure 3.21

Final Array Scanning Result
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If the measurement was canceled early, the list of percepts up to that point will still be
reported on the GUI and a screenshot will be saved. However, a full run of Array Scanning
is required before continuing to the next step in the Fitting Assistant.

10. Close the final screen by clicking on the red “x” at the top right of the window. The Fitting

Assistant window will now indicate that the next step is to measure the threshold for each
electrode using the Hybrid Threshold module (Figure 3.22).
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Figure 3.22  Fitting Assistant Window after Completion of Array Scanning
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3.9.2 Hybrid Threshold

The Hybrid Threshold program measures the perceptual threshold for electrical stimulation (the
current at which the patient sees a percept 50% of the“time) of individual electrodes. if the tast
run of Array Scanning was run in quads mode, Hybrid Threshold will measure the thresholds of
groups of four electrodes (quads) stimulated simultaneously. The user selects up to six different
single etectrodes or quads to test in a single run. The run of six electrodes will take
approximately 15 minutes to complete. In each trial, an audio prompt will be followed by
stimulation of one of the electrode groups, selected pseudo-randomly out of the six groups, or
no stimulation in the case of a catch trial. After the prompt, the patient must respond “yes” on
the Logitech® gamepad if he or she saw a phosphene or “no” if he or she did not. Alternatively,

the clinician can enter the “Yes” or “No” buttons on the GUI or the “y" and “n" keys on the
keyboard.

The trials are divided into blocks — up to five blocks of 12 trials are completed for each electrode
group. After the first block, a maximum likelihood algorithm determines the range of the next
block of stimulation amplitude values for each electrode group, based on all previous
responses. If the confidence interval of the estimated threshold of an electrode group is
narrowed to a pre-set level, trials for that electrode will terminate, but trials on the other
electrodes will continue through a maximum of five blocks.
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Most patients will need multiple runs of Hybrid Threshold to complete all measurements
necessary to create a customized VCF (thresholds are measured for each electrode that

resulted in a percept during the Array Scanning run). Each time Hybrid Threshold is run from the
Fitting Assistant, the threshold values are saved; the Fitting Assistant screen will indicate when

all electrodes have been measured.

Detailed Procedure:

1.

Confirm that the charge density limit (PC Mode) is set to 1.0 mC/em?. If it is not, the
threshold measurement cannot be completed properly. Contact Second Sight to have
someone change this value to 1.0 mC/ cm? if needed.

Click the "Run Hybrid Threshold” button in the Fitting Assistant screen. Log in when

Stimulation parameters are indicated on the GUI, as shown in Figure 3.23.

Charge density limit: 1.0 mC/em?

Pulse width: 0.46 ms
Inter-phase gap: 1.00 ms
Frequency: 20 Hz
| Catch trials per block: 8
Figure 3.23

Hybrid Threshold Parameter Display GUI
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4. Click the button “Continue to electrodes selection” to continue.

5. Inthis GUI, electrode mode (singles or quads) is indicated and electrodes are color-coded to
indicate at which current level a percept was reported in Array Scanning.

6. Choose up to six electrodes (or quads in Quad mode} to test in this run from the Electrode
Selection GUI as shown in Figure 3.24. Any electrodes that have been disabled by the VPU
are marked with an X; these are not selectable. Select individual electrodes by clicking in
the corresponding circles. If this run is in Quads mode (indicated on the bottom left of the
GU\), click in the squares between the four electrodes to select quads.

7. Choose the electrodes for the run according to the results of Array Scanning; wherever
possible, choose electrodes that had percepts in the same current level (indicated with color
coding) for the same run of Hybrid Threshold. Selected electrodes are highlighted in blue,
and selected quads are highlighted with green lines. The names of selected
electrodes/quads are also displayed in a list at the top of the window. Deselect any
electrode or quad by re-clicking the circle or square. After selecting the electrodes, click on

" the “Continue” button to move to the next step.

Figure 3.24  Electrode Selection GUI
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8. Set the maximum current for each electrode if necessary (this is not common; exceptions
are discussed at the end of this section). Click “Continue” to move to the next step.

9. Ensure that the electrodes and parameters for the run are correct as displayed on the
confirmation screen. Ensure that the Logitech® gamepad is connected and that the patient is
ready to begin. Inform the patient that stimulation will start. Click “Start Block #1" to begin
the measurement. Instruct the patient using the script for Array Scanning.

10. The main measurement GUI (Figure 3.25) displays a graph for each electrode, a separaté
graph for catch trials, and “Yes®, “No”, and “Cancel” buttons. Blue squares indicate individual
trials; their x-axis position indicates the amplitude of the trial (except for catch trials, which
have no amplitude).

Figure 3.25 Main Hybrid Threshold GUI
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11. In each trial, after an audio prompt, a single electrode or quad is stimulated and the patient
must report whether he/she saw something. The order in which the electrodes are tested
(stimulated) is random. The amplitude and electrode/quad stimulated on each trial are
indicated by a black arrow pointing to the particular trial square. '

12. In most blocks there are also catch trials. A catch trial is a trial in which the amplitude is zero
but the audio prompt is still produced. Catch trials are used to estimate the false positive
rate of the responses. The patient should NOT be informed that there are catch trials but
they should know they might not see a phosphene in every trial.
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13. After each trial, the patient should indicate his or her response by clicking the appropriate
button on the Logitech® gamepad. Alternatively, the clinician can enter the “Yes” or “No”
“y” and “n" keys on the keyboard. A blue circle will appear above

buttons on the GUI or the “y
the trial box if the response was “yes”, or a blue “x” will appear if the response was “no”.

14, When all the trials have been completed for the block, the program will pause to compute
the trials for the next block. At this point, it will display a window showing the block results
(Figure 3.26). On each plot, a blue diamond indicates the amplitude of the current threshold
estimate for that electrode/quad, as well as the computed range for the next block (dotted
line). To advance to the next block, click the button “Click here for next block.”

Figure 3.26  Block Results GUI
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15. The measurement will continue through a maximum of five blocks; the measurements on
some electrodes may terminate early (before block #5), if the confidence level of the
threshold is relatively narrow.

16. If the number of false positives is high, a warning will pop up between blocks. More than 6
false positives in a run indicate unreliable results; if the patient exceeds this level during
testing, the run should be canceled. Do not instruct a patient to change his or her criteria
during the run; in between runs, the patient can be instructed to only press “yes” if he or she
saw a percept that was well-synchronized to the auditory prompt, and/or to only press “yes”
if they were sure there was a percept. If frequent false positives become a problem, contact
Second Sight for alternative measurement strategies. ‘
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17. At the end of the run, a final GUI (Figure 3.27) displays the results for each electrode/quad,
including the individual trial results, the psychometric curve for the threshold estimate, and
the probability of each amplitude being seen (black squares). To continue measuring
threshold for other electrodes or to re-measure thresholds, click “Continue testing.” To close
the program, click “Click here to Exit.”

Figure 3.27  Final Results GUI
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~ Continue to run Hybrid Threshold until all electrodes with percept at Array Scanning are
measured. Once all electrodes have been measured, Hybrid Threshold pops up a window
informing you that you are ready for Generate VCF Tool, If you click “Continue testing”, as
shown in Figure 3.27, then the electrode selection GUI will have check box for all functional
electrodes or the symbol for “no threshold found” (Figure 3.28). If you choose “Click here to
Exit", the software will return to the Fitting Assistant main screen which now indicates the next
appropriate step “Run Generate VCF Tool”, as shown in Figure 3.29.

It is not necessary to measure all electrodes in a single session with the patient; it is typical for
this process to span multiple sessions. If the patient becomes tired, or if you run out of time in
the clinic session, close ail windows and quit CFS. The next time you log on to CFS and select
the Fitting Assistant tab, the main screen will indicate that Hybrid Threshold is the appropriate
step. Your results from the last session will be saved, and you can continue to measure
thresholds on the remaining electrodes.
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Figure 3.28

Final Hybrid Threshold Result
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3.9.3 Creating a Video Configuration File (VCF) with the Generate VCF Tool

The Video Configuration File contains the information needed for the Argus Il System to
stimulate the patient’s array according to real-time information gathered by the video camera on
the glasses. It defines how the video signal is mapped to the electrical signal for individual or
groups of electrodes. Each VCF is customized for the patient using the information gathered
during the previous steps in the fitting process (Array Scanning and Hybrid Threshold).

Generate VCF Tool creates a VCF for the patient according to a set of rules that are appropriate
for most Argus Il patients. For strategies to use in off-nominal circumstances, see the end of this
section.

Starting the Generate VCF Tool

» Inthe Fitting Assistant, click on the “Run Generate VCF Tool...” button, as shown in
Figure 3.29. Enter the user name, password and patient ID. If the “Run Generate
VCF Tool..." button is not highlighted, it means the previous steps in the fitting

process (Array Scanning or Hybrid Threshold) are not completed and will need to be '

completed before proceeding with the Generate VCF Tool.

e The Generate VCF Tool GUI (Figure 3.30) will open, and the results from prior steps
in the fitting process will automatically be loaded.

Figure 3.30 Generate VCF Tool GUI
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All parameters are set to the suggested values according to the standardized rules for
creating VCFs. Many of these cannot be modified in the Fitting Assistant; see Section
3.15 for details on these parameters and how to use the advanced mode.

Creating a new VCF

1. To create a VCF for the patient using all default settings, ensure that the Argus Il
Video Settings Drive is plugged in and that it contains a folder with the current
patient’s ID. The folder will automatically be created if it does not exist. Click the
“Generate VCF” button. You will be prompted to save the VCF and provided with

a default filename consisting of the patient ID, the frequency, and a date stamp in
the form of ‘yymmdd'.

2. Click “Save” to create a VCF in the video settings drive folder. Once created, you
will be prompted to check the VCF for comfort using the VCF Stepper (see
Section 3.10.1).

A figure summarizing the VCF will be generated (Figure 3.31). A copy of this figure will
be saved on the video settings drive. (.emf format file).

Figure 3.31 VCF Summary qut
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Changing the VCF Parameters

The default parameters should be appropriate for most patients. In some cases,
however, adjusting various parameters may improve the performance and comfort of
a VCF. An overview of the parameters that can be changed is provided below,
followed by a list of ways to address various VCF related issues. To follow an
alternative fitting strategy from the beginning of the Fitting Assistant, please see
Section 3.9.5.

Binary/Normal VCF

The shape of the function that defines the relationship between the brightness levels
of the video input and amplitude of stimulation current can take two forms, “Normal”
and “Binary”. Binary VCFs are used in conjunction with special filter settings to
provide improved edge detection. While normal VCFs provide a gradual dynamic
range for brightness, binary VCFs provide only two brightness levels, so stimulation
is either off (in darkness) or on at a chosen level of brightness. To create a binary
VCF for Program Setting #3, click the “Binary” radio button before clicking the
“Generate VCF" button. Leave all other parameters on their default values.

Different Frequencies

This parameter is defined as the number of stimulation pulses sent to each electrode
per second. It is a global parameter that applies to all electrodes. The larger the
number of timing groups, the lower the frequency value. The default stimulation
frequency is BHz. Other possible frequencies can be selected using the “Frequency”
pull-down menu in VCF Parameters. In general, lower frequencies allow for more
timing groups but create dimmer perception, while higher frequencies create brighter
perception with reduced number of timing groups.

Changing the Maximum Stimulation Current I, Cap

The default maximum stimulation current is 233 pA. This is the maximum allowable
stimulation current for the pulse width used in the VCF (0.454 ms). Adjustment /
reduction in the maximum stimulation current can be made to address VCFs that
have excessive brightness or discomfort. :

The maximum stimulation current can be lowered globally for the entire array or
individually for selected electrodes. To lower the value globally, type the desired
value into the 1, Cap text box and press “Update”. The I, table will update to the new
values.

Changing the Ratio I/l

Additionally, you can adjust the ratio between the maximum stimulation current and
the threshold stimulation current, I,/l;. The default value is 5, so for electrodes with a
threshold of 20 WA, the default I, is 100 pA. For example, if you change I/l to 7 and
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click “Update”, the I, table will update its values for all electrodes to 7 times the
threshold value or |, Cap, whichever is lower.

- Changing the Maximum Current |,

I values in the table are maximum stimulation currents for each individual electrode.
The values in this table are automatically populated based on the values in the
threshold table, the 1/l; ratio, and the I, Cap value. The value in this table must be
less than or equal to |, Cap. You can adjust the maximum current for individual
electrodes by entering values into the I, table. If you attempt to enter values above
I Cap, you will be prompted with a warning to adjust the values to appropriate
levels.

Changing the Timing Groups

The timing groups define the temporal {time domain) stimulation pattern to which
each electrode is assigned. The default pattern suggested by the software should be
suitable for most VCFs. For VCFs with excessive brightness or discomfort, the timing
groups can be adjusted to lessen the issues by dividing the larger timing groups into
smaller groups and/or lowering the frequency of the VCF.

o The "Suggest” button populates the timing group table with suggested timing
groups.

o The “Clear” button clears the table allowing manual entry into the table for the
most flexibility. '

o With values in the table, the “Raster Scan” button will rearrange the sequence of
the timing groups to approximate a raster scanning pattern.

o The “Stack” button will eliminate any gaps in the sequence of timing groups,
leaving a gap at the end of each stimulation cycle. This is likely to increase
brightness of the VCF (by increasing current summation). By default, the
Generate VCF Tool suggests the stack timing group pattern.

o The “Spread” button will maximally space out the timing groups over the time
allotted by the desired frequency and create gaps in time between different timing
groups. This is likely to decrease the brightness of the VCF (by reducing current
summation). :

An example of the modified “Spread” timing group table is shown in Figure 3.32.
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3.9.4

Figure 3.32 VCF Summary Figure with the “Spread” Timing Groups
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Notes on the Fitting Assistant

The Fitting Assistant is intended to guide the user through the entire fitting process,
saving and loading the relevant data throughout. The Fitting Assistant will not allow you
to advance until the data from a previous step are complete, but it will allow you to re-run
a module multiple times. The specific flow control for each module is described below.

Array Scanning

Array Scanning can be run at any time; however, the Fitting Assistant always
uses data from the most recent Array Scanning test. For example, suppose you
run Array Scanning in single electrode mode and begin a run or two of Hybrid
Threshold with those data. Then, before you finish all the runs of Hybrid
Threshold and create a VCF, you re-start Array Scanning, this time measuring
quads. Now when you next launch Hybrid Threshold, it will use the data from the
quads run of Array Scanning (as this was the most recent), and begin measuring
thresholds on quads. Therefore, you should complete the fitting process all the
way through creating the VCF before re-starting Array Scanning unless you
intend to overwrite the data. :
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3.9.5

Hybrid Threshold

You can run Hybrid Threshold anytime after an Array Scanning run is completed.
If you run Hybrid Threshold and re-measure thresholds on electrodes, the old
data will be overwritten and the new data used in the Generate VCF Tool, so it is
not recommended unless you have doubts about the previous measurements
(for example, if a patient was tired or inattentive when their thresholds were
measured).

éenerate VCF Tool

You can create more than one VCF using the same fitting data — the Fitting
Assistant will allow you to taunch Generate VCF Tool any time when there is a
complete set of data currently saved. You can create several VCFs with different
parameters without starting a new Fitting Assistant run. This is useful when you
want to create both a Normal and Binary VCF for the same patient based on the
same threshold values; similarly, if a particular VCF is too dim, too bright, or has
other problems, you can re-run Generate VCF Tool using the same data but
adjusting different parameters to create a new VCF.

Following Alternative Fitting Strategies

The Fitting Assistant tool will let you create customized VCFs that should be appropriate
for most Argus Il patients. However, all modules of the Fitting Assistant can be run in
advanced mode, in which the user has more freedom to alter parameters and create
non-standard VCFs. Details of how to use advanced modes are given in Section 3.15.
As these programs can be quite complex, please contact Second Sight if you believe
your patient requires non-standard VCFs created with the programs in advanced mode.

There are a few off-nominal circumstances that can be addressed in Fitting Assistant

Mode;

¢ Skipping electrodes or setting a lower maximum amplitude (in Array Scanning

and Hybrid Threshold)

Occasionally, a patient may report an uncomfortable physical sensation when an
electrode is stimulated, or may report that the electrode produces percepts that are
too bright. If the patient is uncomfortable with stimulation on a particular electrode
during Array Scanning, select its checkbox in the “Skip Electrodes” section of the
GUI. Any electrodes selected to be skipped here will be inactivated throughout the
entire Fitting Assistant process.

If the patient experiences discomfort on certain electrodes at certain stimulation
levels, you can set the maximum current for individual electrodes in Hybrid
- Threshold. Choose a value at which stimulation is comfortable for the patient.

Quad VCFs
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Normally, VCFs are created using single electrode threshold data. However, if you
have run Array Scanning and 20 or fewer electrodes yielded percepts up to 677 pA,
you can run Array Scanning in quad mode. Although stimulating a single electrode at
an amplitude below its threshold would generally not result in a phosphene,
stimulating multiple nearby electrodes simultaneously at amplitudes below their
single-electrode thresholds may elicit phosphenes due to current summation. Re-
start Array Scanning and select “Quads.” Array Scanning will proceed to measure
the percepts on 15 quads. Hybrid Threshold will then measure the thresholds on
those quads in which a percept was reported. Generate VCF Tool will then follow a
quad-fitting strategy to produce a VCF. In the quad VCF, 2x2 “quads” of electrodes
are placed in the same timing groups. In doing so, this may allow you to include
more useful electrodes in the VCF from the less-sensitive regions of the electrode
array. That is likely to be more useful to the patient than the one created using single
electrode data.

A “quad VCF" really means a “quad timing” VCF. When electrodes are stimulated as
a “quad’, it simply means they are stimulated simultaneously as one timing group.
The amplitude of stimulation for each electrode in the quad is governed by each
electrode’s corresponding video brightness, as shown in Figure 3.33. In a “standard’
(or non-quad VCF), these electrodes could be in four different timing groups as
indicated in the same figure. The amplitude of the pulses for a particular electrode is
not different between the quad and non-quad scenarios, as can be seen in the timing
illustrations.

i}

Figure 3.33 Quad and Non-Quad Stimulation
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3.9.6 VCF Troubleshooting

o Case#1: The VCF is too dim
o Increase thé frequency gradually, and create a new. VCF
o Generate a VCF with stacked timing groups
o Increase |, /|
o Use VCF Stepper to ensure the new VCF is not too brigﬁt or cause discomfort

= Case #.2: The VCF is too bright
o) Lower the global maximum stimulation current (I, Cap) and generate a new VCF
o Generate a VCF with spread timing groups

Split electrodes that are in the same timing group into multiple timing groups

0

o Lowerl, /|
o Lower the frequency
+« Case #3: Individual electrodes are too bright or are causing discomfort

o Lower the individual |, on electrodes calsing the problem or set |, to 0 to disable
the electrode completely.

o Separate those electrodes from other electrodes in the same timing group by
assigning new timing groups to these electrodes

s Case #4: The patient has £ 20 measurable single electrode thresholds under 677 pA

o Run Array Scanning and Hybrid Threshold measurement using the Quad
configuration.

o Create a VCF with quad timing groups. Run VCF Stepper to ensure the Quad
VCF does not cause any discomfort.

3.10 Video Stimulation

3.10.1  Testing a VCF using VCF Stepper

VCF Stepper is a compiled program installed on the Argus Il Clinician Fitting System computer.
It ailows the clinician to evaluate the overall brightness and potential discomfort of a VCF prior
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to loading the VCF onto the video processing unit (VPU). The patient can give verbal feedback

regarding whether he or she perceives phosphenes, the relative brightness of phosphenes, and
any physical sensation or discomfort at various video levels to allow the clinician to determine if
the VCF is suitable for normal use. '

The VCF Stepper stimulates all the electrodes with the stimulation parameters defined in the
selected VCF. It takes a video image with a uniform brightness and the user can control the
brightness level. Each electrode will be stimulated at the current level that matches the
brightness level as set by the VCF.

The procedures are:

1. Ensure that the “Testing” tab is selected in Argus Il Clinician Fitting System Software,
and the software indicates “WAITING FOR CONNECTION".

2. Open” Argus [l VCF Stepper” by clicking the icon in the start menu.
3. Log in using your username and password and the patient ID.

4. In the pop-up window, navigate to the patient ID directory on the Video Settings
Drive: VideoSettingsDrive:\settings\patientID and select the VCF to be tested.

Figure 3.34 ° Pop-up Window for VCF Selection

et R

_‘v} :‘ 2 ._ m | .l .. \ e S S e T l.‘ -

Lookin: I@nm

Pick a VCF (

@H—M;Sampie_wjﬁcsvi

Flename:  bocoo_Sample_VCF cav I | “Open —-]

Fies of type:  [“cav_ & [ Concel |

The user interface pops up with a schematic of the array, as shown in Figure 3.35. Each
electrode is labeled with a number indicating the timing group of the electrode; once you
increase the video ievel, the numbers indicate the current amplitude (in pA) at which
each electrode will be stimulated, as shown in Figure 3.36. The “Up”, “Down”, “Stim”,
and “Done” labels are as buttons when they are clicked.

e "Up”" increases the video level (range from 0 to 31)
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5.

-« “Down: decreases the video level {range from 0 to 31)

» “Stim”™ initiates stimulation

e “Done”; ends the procedure

Figure 3.35

Initial user Interface Showing Timing Groups of all Electrodes
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Increase the video level to 10 and tell the patient that you will be stimulating the
array. Press “Stim”; all electrodes in the VCF will be stimulated together for 2
seconds using the timing groups defined in the VCF. Obtain feedback from the

patient regarding brightness and comfort level of the phosphene. Increase the video
level and repeat this process until you either reach the maximum video level 31 or

the patient reports discomfort or excessively bright stimulation.

if you reach level 31 and the patient reports that there is no discomfort and the

phosphene seems comfortably bright, the VCF is appropriate to use. Load the VCF
to the patient’'s VPU (see Section 3.10.2). If the VCF is uncomfortable or too bright

(or too dim), refer to the previous section to modify the VCF. Repeat the VCF

Stepper procedure with the new VCF until a VCF suitable for home use has been

created.

7. Click “Done” to complete the VCF Stepper procedure.
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Figure 3.36  User Interface Showing Stimulation Amplitudes in pA for Video
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3.10.2 Loading a VCF onto the VPU

Now that the VCF is created and tested, it can be loaded onto the VPU using the following
procedure: '

1. Click on the “Testing” tab in CFS. The “Testing" screen, shown in Figure 3.37,
consists of three sub-sections related to video stimulation:

A. Video Mode Stimulation (to turn on/off the stimulation)
B. Video Display
C. Patient Settings (VCF + Filter Settings)

Note: The Patient Settings in Flgure 3.37 is also referred to as Program Settings
throughout the manual.

The Video Display section has two images. The image on the left represents the
camera output, which has 20 x 12 pixels. The image on the right has 10 x 6 pixels and
represents the filtered image sent to the electrode array. The Inverse Video Off or On
status is also displayed.

The Patient Settings section allows you to configure, load on to the VPU, and switch
between three program settings. Each program setting is a combination of a VCF and a
set of filter parameters. ‘
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Figure 3.37 The Video Screen

2. To load a video configuration file to the VPU for a particular Program Setting,
connect the USB thumb drive labeled Argus Il USB Drive, Video Settings to an
empty USB port on the CFS computer.

3. Click the “View/Load VCF” button for the desired setting. Information about the
currently-loaded VCF, including its name, when it was loaded, and a description, will
be displayed.

4. Press the “Load new VCF..." button. A list of video configuration files contained in
this patient's folder within the “settings” folder on the thumb drive will be displayed,
as shown in Figure 3.38.
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Figure 3.38 Load VCF Screen

& Load VCF forSet1 R - |

Name e , , Date Madifed |
normal120.cev . - 22172011 339 PM |
normals0. cev . 221/2011 3:39 PM
inverse.csv 2/21/2011 3:39 PM
inverse_250.csv 22172011 339 PM
inverseBrightnessMap.csv 202172011 3:39 PM
linearBrightnessMap.csy - 212011 339 PM
normal.csv 22572011 8:01 PM
normal_260.csv 22172011 3:39 PM -
normalStartFlateauEndBrightnessMap. cev 272172011 3:39 PM
overlappingProfiles. csv 2/21/2011 3:39 PM
Descrption:

Clicking on a file in the list will display a description of that selected file in the
description box provided that the description was included as part of the video
configuration file.

When the desired video configuration file is located, click on “Load Selection” to
transfer the selected VCF to the VPU. The file name, load date and time along with a
brief description will be displayed in the Video configuration section on the Video
Screen. ' ‘

Note: The CFS will not allow any file that does not meet the necessary
stimulation safety requirements to be downloaded to the VPU.

To configure the filter paramefers for the program setting, click the “View/Edit
Filters...” button, as shown in Figure 3.37.

Note: Detailed information on filter parameters can be found in Section 3.10.3. -

Once the desired VCF and filters are configured for a particular setting, ensure that
the setting is selected by clicking one of the setting icons on the screen (a green light
will appear in the selected setting icon), begin stimulation when the patient is ready
by clicking “Start Stimulation.” The background of the 10 x 6 image on the right will
change from blue to green when the stimulation is on, as shown in Figure 3.39. Note
that once the video mode stimulation is started the psychophysics module is
indicated as Not Available, as shown in Figure 3.39.

Note: When the VPU is connected to the CFS, always use the setting buttons -

(Set 1, Set 2, or Set 3) on the CFS screen to change to different
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programming settings and do not use the program setting buttons on the
VPU to change the settings.

Figure 3.39  Video Stimulation Window

9. To stop stimulation, click the “Stop Stimulation” button.

10. The “Video Settings” thumb drive can be safely removed from the USB port after the
desired VCF is downloaded to the VPU. To do this, click on the “Safely Remove
Hardware” icon in the lower right hand corner of the screen. The message “Safely
remove USB mass storage device” will appear. Click on this message and select the
device to be removed. A message box will then appear that indicates that it is safe to
remove the hardware device.

CAUTION: The CDL is set on the VPU independently for
standalone and for PC use. For standalone the CDL
must be set to 0.35 mC/cm?. For PC mode (in the
clinic), the CDL should be set to 1.0 mC/cm? in order
to perform array scanning and hybrid threshold
measurement properly. The CFS will not allow the
clinician to load a VCF that exceeds the PC use
CDL. If the VPU is powered on in standalone mode
with a VCF that exceeds the standalone CDL (0.35
mC/cm?), the VPU will perform the startup tests,
produce an audible warning, and power off.
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3.10.3  Program Settings

The Program Settings are called "Patient Settings” in the CFS user interface. The Argus Il VPU
transforms the video image recorded by the camera into the level of stimulation current in each
electrode in real time. First, the camera image is digitized and down sampled to a resolution of
20x12 pixels. The instructions for converting the down-sampled image to stimulation currents
are contained in two components: ‘

(a) Video Filter — the filter enhances the digital sampled image of 20 x 12 (twice the
electrode array resolution) and performs sub-sampling in order to convert the 20 x 12
image to a 10 x 6 image, emphasizing different aspects of the image depending on the
filter settings. '

(b) Video Configuration File — a look-up table tailored for each patient that transforms the
video levels at the output of the video filter to electricat current for each electrode.

The VPU can hold three programs ('Program Settings). By default, each setting contains a set of
parameters for a video filter and a video configuration file (see Figure 3.40). Press cne of the
three program setting buttons on the VPU to choose the corresponding program when the VPU
is not connected to the CFS. Use the program setting buttons on the CFS screen when the
VPU is connected to the CFS.

e Program Setting #1 (Normal contrast): This is the default setting every time the VPU is
switched on. This default video filter setting uses a low contrast gain and Gaussian filter
for spatial low pass (Contrast Gain = 2; Center Gaussian Weight = 8, Surround
Gaussian Weight = -4). The software allows users to change any of the filter setting
parameters. You must load a VCF to Program Setting 1 before stimulation. Create
a normal VCF with the Fitting Assistant and load it to Setting #1. :

e Program Setting #2 (Contrast enhancement): In this setting the video filter is set to
enhance the contrast of the sampled image. The default video filter parameters are high
gain and Gaussian filter for spatial low pass (Contrast Gain = 10; Center Gaussian
Weight =8; Surround Gaussian Weight = -4). Users can adjust the filter setting
parameters. You must load a VCF to Program Setting 2 before stimulation. For this
setting, you can use the normal VCF created with the Fitting Assistant. If it is too bright,
reduce the gain to a value between 2 and 10. ’

» Program Setting #3 (Edge detection): In this setting the video filter is set to show only
edges in the sampled image. An electrode will be turned on only if there is an edge at
the respective field of the electrode. The default video filter parameters are high gain and
Inverse Gaussian filter to emphasize the edges (Contrast Gain = 10; Center Gaussian
Weight = -8; Surround Gaussian Weight = +8). You must load a VCF to Program
Setting 3 before stimulation. For this setting, you should use a binary VCF created
with the Fitting Assistant.

The default filter parameters for the three program settings are shown in Figure 3.40.

Chapter 3: Device Fitting and Psychophysical Testing 3-46

167



Figure 3.40  Default Filter Settings

The effect of the three sets of filters can be illustrated in the following figures:

Figure 3.41 is an outdoor image from the Argus Il Camera pointing to the edge of the grass and
concrete curb. The yellow rectangle represents the down-sampled output video window of the
Argus Il System.

Figure 3.41  Argus Il Camera Capturing the Grass and Curb

Figure 3.42a represents the video brightness levels (range 0 — 31) at the output of the default
filter parameters for program setting 1.

Figure 3.42b represents the video levels at the output of the default filter parameters for
program setting 2 (contrast enhancement). Note that the video levels on the left side of the
video window are zero and on the right side are at the maximum level of 31.

Figure 3.42c represents the video levels at the output of the default video filter parameters for
program setting 3 (edge enhancement). Note that only the electrodes at the edge are turned
on. The video levels for the rest of the image are relatively low and patient may not perceive
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enough brightness with this setting. Therefore a binary VCF is recommended to increase the
brightness levels of the edge.

Figure 3.42 Video Outputs from Three Different Filters

b. Filter 2

c. Filter 3
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Patients should be advised that when changing between different VPU Program Settings or if
the light level of their environment undergoes a sudden change it may take their vision a few
seconds to adjust to the new conditions.

3.11 Direct Stimulation

The Direct Stimulation Software is a program installed on the Argus Il Clinician Fitting System
computer. The aim of the program is to provide a tool for stimulating a single electrode or a
group of electrodes using the stimulation parameters defined by the user. The Direct
Stimulation Software is also used in the Camera Alignment procedure described in Section
3.12. To perform Direct Stimulation, follow the instruction below:

Log in to CFS, go to “Patient Testing” and select the “Testing” tab.

Run “Argus | Direct Stimulation” program from the Start menu on the CFS computer.
Enter the user name, password, and patient ID to log in.

The Direct Stimulation screen will appear, as shown in Figure 3.43.

PN =

CAUTION: Choose the direct stimulation parameters carefully and increase the
stimulation amplitude gradually to avoid discomfort or overly bright sensation.

The PC mode charge density limit (CDL) set for the VPU connected to CFS will be used to

control the maximum stimulation charge used during direct stimulation. By default, the PC
mode CDL is set to 1.0 mC/cm®

Figure 3.43  Direct Stimulation Screen

B gt 0 Direct Stmulation LTINS o — . Egﬁl
Direct Stimulation 11200
Sematin,
Stert Aroituse (uA) ) WS DOS] IS TanS)  Frm
B 3 (8 (o 9 =

Repoot straulation FreafHz) Duration(ma)

(=]
BEzl]

a]
HJoooocaoDaoo

PDoooooooooa|| ™
Hopooocoooaon &
oooooGcooot ° 5T 51 53 efn oz nja w7 n's m w‘m

The following parameters ¢an be sbecified or changed:
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e Start Amplitude: Stimulation amplitude in JA. The default value is 100 pA.

¢ Rastering: If this box is checked and multiple electrodes are selected, they will be
stimulated in rastering order. If this box is unchecked multiple electrodes will be
stimulated simultaneously.

¢« Repeat Stimulation: The number of times stimulation will be repeated. The time delay

between successive repetitions is approximately 0.5 seconds.

Electrode Selection: The electrodes to be stimulated can be selected and unselected.

Frequency: The number of pulses repeated per second on each electrode.

Duration: The length of time for the stimulation.

Waveform Parameters:

o Tw— The time between the start of frame and |n|t|at|on of the first phase. The
default value is 0.

o Tx - The duration of the first phase. This is also called the “pulse width”. The
default is 0.45 ms.

o Ty - The inter-phase gap.. The default value is 0.

o Tz - The duration of the second phase. Tz is always equal to Tx for a charge
balanced biphasic pulse.

Tz

Tw Ty .

Tx

+ First: Determines whether the first phase is negative (cathodic) or positive (anodic)
current. The default setting is cathodic.

5. Click the “Show waveform” button to produce a graph that dlsplays the waveform of the
stimulus, as shown in Figure 3.44.

6. Click the “Run” button to start stimulation.

7. Click the “Repeat” button to stimulate again with the same parameters, and click the “Finish”
button to end the current trial and/or stimulate with a new set of parameters.
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Figure 3.44  Direct Stimulation Screen Showing the Stimulation Waveform
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3.12 Camera Alignment

During the Argus |l retinal implant surgery, the electrode array may be placed on the retina at an
angle. The camera rotation adjustment allows for compensation of the implant electrode array
rotation angle for each patient by rotating the camera mounted on the glasses accordingly. The
software will assist the operator to adjust the camera to the appropriate rotational degree.

The camera tilting position (video window) adjustment allows for the selection of the sub-
.sampled field of view of the camera (or the output video window as shown in Figure 3.52) that
corresponds to the perceptual location resulting from array placement on the retina. '

The Camera Alignment Software is a compiled program installed on the Argus 1l Clinician Fitting
System computer. The aim of the program is to provide a tool for accurate camera alignment.
The program consists of two applications: 1) Camera rotation adjustment; and 2) Camera tilting
position (video window) adjustment.

This section provides detailed procedures on camera rotation and tilting alignment. Before the
camera alignment procedure is performed, it is important to ensure that the Argus Il Touch
Screen Monitor is calibrated.

3.12.1  Touch Screen Monitor Calibration

Use the following procedure to calibrate the touch screen monitor:
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1)
2)
3)
4)
5)

6)

3.12.2

Connect the touch screen AC adaptor to the touch screen monitor,

Connect the appropriate power cord from the AC adaptor to the power supply output.

Connect the USB cable from the CFS laptop to the touch screen monitor.
Connect the VGA cable from the CFS laptop to the touch screen monitor.

Turn on the touch screen monitor. Right click on the Desktop of the CFS laptop.

i)

If you see Graphics Properties on the Menu, use Graphic Properties to set the
CFS laptop as the primary monitor and the touch screen monitor as secondary
display using the extended desktop settings. Ensure that the screen resolution is
set to 1024 x 768 and color quality = 32 bits for both the CFS laptop and the
touch screen monitor.

If you see the Catalyst (TM) Control Center on the Menu, use the Catalyst (TM)
Control Center to set the CFS laptop as primary monitor (“Desktop 17} and the
touch screen monitor as secondary monitor (“Desktop 2”) using the Display
Manager. You may need to right click on the “Desktop 2" icon to swap the
displays. Select “Desktop 1" and “Desktop 2" separately, one at a time, and
ensure that the screen resolution and color quality for both the CFS laptop and
touch screen monitor are set to be 1024 x 768 (in the Desktop area) and 32 bits
respectively.

Double click on the touch screen icon at the bottom right corner on the taskbar on the
CFS laptop. Click on “Align”. Targets will first appear on the CFS. Click the escape key
once to transfer the targets from the CFS to the touch screen. Follow the on-screen
prompts to complete the alignment process on the touch screen monitor.

On the CFS laptop, click on the sound tab under ELO touch screen properties, and
uncheck “beep on touch”. This step should be performed if you do not want an audio
alert upon touching the touch screen. Click “Apply” and “OK”.

1.

Camera Rotation Adjustment

Ensure that the touch screen monitor is connected to the CFS computer. Set the
CFS monitor as the primary monitor and the touch screen as the secondary monitor
with a resolution of 1024 x 768. Connect the Argus Il Glasses containing the camera
to be aligned to the VPU. '

Login to CFS and select the “Camera Alignment” tab.

Determine the rotation of the patient's array from a fundus photo of the implanted
array by measuring the angle of a row of electrodes (e.g., A01 to A10) relative to the
horizontal, as shown in Figure 3.45. This measurement can be made using a
protractor with the fundus photograph or using the freely available software GIMP
{(hitp:/imvww.gimp.org/). The definition of the array rotation angle is as follows: using
the tack point on the fundus image as the point of rotation, if the array is rotated
counter-clockwise (CCW) from horizontal, the rotation angle is defined to be CCW
(+). If the array is rotated clockwise (CW) from horizontal, then the rotation angle is
defined to be CW (-). (Note that the tack is on opposite sides for right and left
implants, but the rotation is always given with respect to the tack site of a specific
patient.). Figure 3.46 shows a fundus image with the definition of the orientation
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polarity of the electrode array on the retina. For example, if the surgical placement
angle of the array is 20 degrees CCW), the rotation angle will be +20 degrees.

Figure 3.45 Implant Rotation Angle

Figure 3.46 Implant Array Rotation Angles for Left and Right Eyes
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4. In CFS, click the “Edit" button under “Camera Rotation Angle” and set the rotation
angle to the angle measured from the fundus photo, as shown in Figure 3.47. Click
the “Save” button. This saves the patient’s rotation angle in the VPU so if the
glasses are replaced later, you can obtain the rotation angle from CFS rather than
from the fundus photo.

Note: The rotation angle may change over time. It is recommended that the rotation
angle be updated based on the latest fundus image.
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