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510(k) Summary
Kk O3S0 |
Submitter Information

Submitter: Hitachi Medical Corporation
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

Contact: Douglas J. Thistlethwaite
ph: (330) 425-1313
fax: (330) 425-1410

Date:  September 13, 2004

Device Name

Device Name:
Trade/Proprictary Name:
Common Name:
Classification Name:
Classification Number:

Predicate Device

Optical Topography System
ETG-4000 Optical Topography System
Oximeter

Oximeter

Sec. 870.2700

Predicate Device: Hitachi ETG-100, K011320

©2004 Hitachi Medical Corporation
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Device Description

Function

The ETG-4000 is a device that measures relative changes in tissue concentration of oxy-
hemogiobin and deoxy-hemoglobin and total hemoglobin (proportional to the level of blood) in
the surface area of the cerebral cortex by beaming near-infrared light (670-1300nm) that can
penetrate the body efficiently, and is absorbed by the hemoglobin in the blood.

The ETG-4000 displays the changes of overall Hemoglobin concentration in time- course
graphs, 2D topography images and 3D topography images (motion images and still images)
based on the data from multiple point measurements.

This is a non-invasive test that is done by contacting an array of small optical fiber tips on the
surface of the scalp.

The ETG-4000 beams frequency modulated near-infrared light into the surface of the brain
through several of the optical fibers. The light passes through the scalp, skull and upper layer of
the cerebral cortex. The light is absorbed by the hemoglobin in the blood and is reflected back
and is collected by optical fibers.

The ETG-4000 measures relative changes in tissue concentration of oxy-hemoglobin and deoxy-
hemoglobin in the blood of the cerebral cortex at multiple points on the head simultaneously by
utilizing the changes of light absorption.

The ETG-4000 provides data that show the activity status of the cerebral cortex by displaying the
blood volume changes, hemodynamics in the brain surface, and the metabolic and circulatory
status of the cerebral cortex in a time-course graphic representation of oxy-hemoglobin, deoxy-
hemoglobin and total hemoglobin, 2D dynamic images and 3D dynamic images.

Device Intended Use

The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-
hemoglobin and oxyhemoglobin.

©2004 Hitachi Medical Corporation ETG-4000 Section 2
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Device Technological Characteristics

The characteristics of the ETG-4000 Optical Topography System compare substantially to the
ETG-100 predicate device in materials used, technology applied, and functional methodology.
Differences do not affect safety and effectiveness of the device, intended use, or application
methods. The ETG-4000 operates in a manner that is substantially equivalent to the cleared
predicate device and represents an enhancement of the technology of the predicate.

Safety

The ETG-4000 is a non-invasive device with no moving parts. It has been designed to comply
with all applicable safety standards.

Conclusions

The ETG-4000 system has been developed and validated in accordance with design controls and
applicable standards. Testing has proven that the system is safe and effective for the indicated
use. Risk and hazard analysis shows that there are no new safety issues associated with this
system as compared with the predicate device.

@2004 Hitachi Medical Corporation ETG-4000 Section 2
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i' {( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
'\ C

Food and Drug Administration
0CT 1 2 2004 9200 Corporate Boulevard
Rockville MD 20850

Hitachi Medical Corporation

c/o Mr. Douglas I. Thistlethwaite
Manager of Regulatory Affairs

Hitachi Medical Systems America, Inc.
1959 Summit Commerce Park
Twinsburg, Ohio 44087

Re: K042501
Trade/Device Name: ETG-4000 Optical Topography System
Regulation Number: 21 CFR 870.2700
Regulation Name: Oximeter
Regulatory Class: II
Product Code: DQA
Dated: September 13, 2004
Received: September 14, 2004

Dear Mr. Thistlethwaite:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration.

If your device is classified (see above) into either class II (Special Controls) or class [II (PMA), it
may be subject to such additional controls. Existing major regulations affecting your device can
be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA’s issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act’s requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fd
- a.hhs.gov or 301-796-
FOI - Page 6 of 482 ; e
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Page 2 - Mr. Douglas J. Thistlethwaite -

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, permits your device
to proceed to the market.

I you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled,
"Misbranding by reference to premarket notification” (21CFR Part 807.97). You may obtain
other general information on your responsibilities under the Act from the Division of Small
Manufacturers, International and Consumer Assistance at its toll-free number (800) 638-2041 or
(301) 443-6597 or at its Internet address http://www.fda.gov/cdrh/dsma/dsmamain.html

Sincerely yours,

WML 4 }gww—.;]f

Celia M. Witten, Ph.D., M.D.
Director
Division of General, Restorative
and Neurological Devices
Office of Device Evaluation
Center for Devices and Radiological Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hh
.hhs.gov or 301-796-811
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510(k) Number (if known): K042501
Device Name: _ETG-4000 Optical Topography System

i3]

Indications for Use:

The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-
hemoglobin and oxyhemoglobin.

Prescription Use X AND/OR

Over-the-Counter Use
(Part 21 CFR 801 Subpart D}

(21 CFR 801 Subpart C)
_(PLEASE DO NOT WRITE BELOW THIS LINE — CONTINUE ON ANOTHER PAGE IF NEEDED)
Concurrence of CDRH, Office of Device Evaluation (ODE)

s (- Jpsrr e

(Division Sign-Off) '
Division of General, Restorative,
and Neurological Devices

510(k) Number__ /045 o)

Page | of |
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HITACHI (G220

HITACHI MEDICAL CORPORATION, INC.

1-1-14 Uchi-Kanda, Chiyoda-ku @5 >T0
Tokyo 101-0047, Japan 5&

September 29, 2004

Food and Drug Administration

Center for Devices and Radiological Health

Document Mail Center (HFZ-401)

9200 Corporate Blvd. :
Rockville, MD 20850 l< 50 2

Re:  Special 510(k) Device Modification (K042.
Hitachi ETG-4000 Optical Topography Sys

To Whom It May Concern:

The attached documents are provided to answer discrepancies noted by the 510(k) reviewer.
Please contact me if there are further questions or concerns.

Refer to page 2 for the list of documents and comments.

Sincerely,

1Y St Taed

Thistlethwaite
Official Correspondent, Hitachi Medical Corporation
(330)-425-1313 x3720
thistlethwaited{@hitachi.com

\
o

©2004 Hitacht Medical Corporation ETG-4000 Revisions 092904
Page 1 of 2
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Change Request Description/Comments

Truth and Accurate Attachment 1. Scc revised T&A statement using standard form.
Statement

Device Name in 510(k) Attachment 2. Corrected to read “ETG-4000 Optical Topography
Summary System”.

Intended use

Attachment 3. Revised using standard form.

User Manual Corrections

Attachment 4. Changed sterilization references to cleaning. See
pages 1-4 and 3-5, included.

Technical Paper references
4,5,6

Attachment 5.

{tem 5 - Note that the title reference for item 5 was incorrect in
the algorithm evaluation document. The included document 1s
the correct reference.

Item 6 — The listed item was published in Japanese. The included

document is an English version on the same topic.

©2004 Hitachi Medical Corporation ET(-4000 Revisions 092904

Page 2 of 2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Attachment 1

PREMARKET NOTIFICATION
TRUTH AND ACCURATE STATEMENT

[As Required by 21 CFR 807.87(k)]

I certify that, in my capacity as Official Correspondent of Hitachi Medical Corporation, I belicve
to the best of my knowledge, that all data and information submitted in this premarket
notification are truthful and accurate and that no material fact has been omitted.

TN T ln N

(Sigadture)

Douglas Thistlethwaite

{Name)

g /zq’/ay

(Date)

510(k) Number: K. OYZ2S0 |

©2004 Hitachi Medical Corporation ETG-4000 Cover Letter

Page 3 of 3 3
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Attachment 2

HITACHI

HITACHI MEDICAL CORPORATION
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

510(k) Summary

Submitter Information

Submitter: Hitachi Medical Corporation
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

Contact: Douglas J. Thistlethwaitc

ph: (330) 425-1313
fax: (330) 425-1410

Date: September 13, 2004

Device Name
Device Name: Optical Topography System

Trade/Proprietary Name:
Common Name:
Classification Name:
Classification Number:

Predicate Device

ETG-4000 Optical Topography System
Oximeter

Oximeter
Sec. §70.2700

Predicate Device: Hitachi ETG-100, KO11320

©2004 Hitachi Medical Corporation

ETG-4000

Section 2
Page 2 of 4
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510(k) Number (if known): K042501
Device Name: ETG-4000 Optical Topography System

Indications for Use:
The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-

hemoglobin and oxyhemoglobin.

X AND/OR. Over-the-Counter Use

Prescription Use
(21 CFR 801 Subpart C)

(Part 21 CFR 801 Subpart D)
(PLEASE DO NOT WRITE BELOW THIS LINE — CONTINUE ON ANOTHER PAGE IF NEEDED)
Concurrence of CDRH, Office of Device Evaluation (ODE)

Page t of |

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Attachment 4
Section 1 Getting Started

1.7 Cautions in Handling the System

1.7.1 Handling optical fiber cable

The optical fiber cables are important parts that transmit irradiation light to the
patient and receive reflected light to conduct it to the detectors. Observe the following
cautions so as not to damage 1t by careless handling.

{1} Do not bend the optical fiber cable by curvature radius of 30mm or less.
(2} Do not pull the optical fiber cable or place any heavy article on it.
(3) Do not hit the fiber cable with any hard object or drop it.

{4) Use pauze soaked with alcohol to clean the tip of fiber socket and probe holder
before starting measurement.

(5) Full care should be taken not to damage the tip of fiber socket.
(6) When not using the optical fiber cable, set it to the phantom in the system,

(7} When attaching and detaching the optical fiber cable to/from the system, be sure to
make contact with our sales or service persomnel

1.7.2 Connecting external devices

Use “BNC cable” and “RS-232C cable” attached to the system for connecting the external

devices.

< CAUTION >—

¢ Use the external devices outside the patient environment.

» The external devices used should be products approved in response to the IEC
safety standard.

1.7.3 Cautions in operating and using the system

(1) When any abnormality occurred in the system, immediately stop using and shut off
the power, and then make contact with our service or sales personnel.

(2) When not using the system for a long period of time, be sure to disconnect the power
cable from the power outlet,

(3) Never remodel the system (both hardware and software) and optical fiber cables.

The personal computer used in this system is for measurement control, data
acquisition, data processing and data display Mounting any general computer on
the system can cause malfunction. Do not mount such computer.

{4} Items described in this instruction manual are subject to change without natice for

improvement.

1-4 QIEF50242

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

FOI - Page 14 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 3 Preparation before Use

"' 3.1.4 Attaching the probe holder and fiber sockets

(1)

(2)

To protect infection, clean the probe holder and so on before using for the patient.
When cleaning, wipe it with gauze or the like soaked with ethanol.

Do not carry out cleaning or disinfection using chemicals or heating other than
ethanol.

Hook the optical fiber cable protection hose to the hanger while using it.

If the tip of fiber socket contact with scalp moves during measurement is pulled by
the optical fiber cable due to body movement and so on, measurement data is affected
and a wrong result may be produced. Adjust the hanger so that all optical fiber
cables are bundled together at the optical fiber cable protection hose.

Attach the probe holder suitable for the objective mode to the patient.

L

Fig. 3.8 Attaching the Probe Holder

3-5 Q1E-FS0242
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Attachment 5

Wavelength dependence of the precision of noninvasive optical
measurement of oxy-, deoxy-, and total-hemoglobin concentration

Yuichi Yamashita,¥ Atsushi Maki, and Hideaki Koizumi
Hitacki, Lt Advanced Ressarch Laboritovy, Hatorpania, Sotow, 130-0393, Jopon

(Recetvid 18 Ocober 2000; accepicd for publication 21 March 20061)

The peecision of nosinvasive optical measurement of the conceniralion chavges in oxy., deosy-,
sndd (otal-hermogicbin depends on wavelengpih, Por extinaling the precizion, we didculated the noise
level of the concentiation changes as the upcerininty in measurements using several wavelength
pairs of light. Seven laser diodes (564—848 nm) were used simoktancously for spectroscopic mea-
sirement of brain activity duning fiopor motor sbmalation. We also used the amalysiy of arror
propagation from the uncertioty in direel measurements of shsorbance changes 1o eatimsie indi-
rectly the yncertsinty of concenation changrs. The measurement of the concemration changes
made using an B3W64-om pair are two times (oxy-Hb} and six tmes (deoxy-Hb) more procisc

than those made
cine. [DOL: 10.111871.1373401)

ming an BXNTB2-nm puir. & 200! American Associahion of Physicins in Medi-

Key words: novninvasive optical measoreanent, hemoglotin, wavelength, precison, brain activity

L. INTRODUCTION

Near-infrared spectroscopy (NIRS) is & method for noninva-
hemortbupe,™ and brain activity.*"” In particulsr, e mea-
srement of brain sctivity hins recently become of interest mol
cly 10 nearoacience: but also o clinical medicine becasse of
the devebopment of several messorerment icchmiques such as
fMRL® PET,? and MEG.™ The adventages of NIRS com-
pared with those techoiques are portabilicy, real-vime mea-
surcment, and docoessed sensitivity 10 subject movement,
Thus NIRS i3 expecid o become & widely useful method
fior measurement of trais sctivity.
ms&mmm.wmm“mmm
of | ' by using hemoglobin  absorption
spectra } Following the development of the oximeser,
MIRS has also been paext 30 detect the concentration chanpes
in axy-. deoxy-, and ioial-hemoglobin dus to mictabolic
NIRS, gvuﬂmm&vﬁmdnmmm%
for nminvmwm@ngafhuu activity ™!
and memarenicnt systems for this imaging '**

For spectroscopic measurement of hemoglobin, wide
wavelength regions from visible 10 near-infrared are used.
The light witlen ihe wavclength region of 500-600 nm is
used for optical reoarding of an exposed beain™ because of a
Iargr absorption band of bemoglobin. The oximheter uses the
wavelength range of 600-700 gm for the messurement of
hemaglobin in the eadobe or fingertip.'! On the other hand,
the light within the pear-infrared region (around 300 mn) i
suitable for the notinvisive measuremient of the brain be-
The molar sheorption cosffickeals of oxy- and dooxy-
hemoglobin'® in the near-infrared region arc shown in Fig. 1.
The absorption coefficiants are hased on natwrs] logarithms.

For the nominvaaive oprical msasursoent of hemoglobin,

1108 Mk Phiyn. 28 (5), Juna XK1

MWMWMWM
suremment in the pearinfrared region.” For example, four
wavelergths (775, 813, 867, and 904 nm) arc vacd for men-
sxmglmmghbnndqhnhmau,nmmm
wsed three wavelngths (780, 305, asd 330 rm} for the can-
mnrmmmmmw
bin measurement. ™ Moreover, two wavelengihy provide &
simple method for measuring conocntration changes in axy-,
deoxy-, and Wﬁhh&hm light within
hwﬂmﬂwp&?ﬁ«&ﬂ)miswwfmh
nenigvadive messorement of hemoglotin by two wave

mﬁnuwmmmwurm

um 3 In penerst 2 more sensitive snd precise measure-
ment kv expecied when thers is & g differsnce in the abe
sorptioe: coetficicats between two wavelengibe, Thus we can
capect beiter paecision by the use of wavelengtha wader 700
min becanse the abeoiption coofficiet of déoxy-hemoglotin
at 670 tnt 3% Four tnes larger than et ol the 830-mm wave-
lenpth an shown in Fig. 1.

Laser diodes have recently tecome commercially avail-
able not only for ness-infrared light (750-330 om) but also
for red tight (650700 nm), Hoswever, thars is Nitie resesich
1o eatimate the sffectivenags of sich mad light in noinvasive
measurement of bexin activity, Moreover, few studies have
shirwn a wavelength dependence of meamrement precision
except for a theaetical srudy Tor tha messurement of hemo-
globit oxygenstion saturation in retinal blood veysely,*

In the currént shady we estimased the: dependence of mea-
surcment precisicn of the concongution changes in hemogho-
hin on wavnbngahin atwn«wmhmgﬂu anabysis, We experi-

uging sxven taser diodes from red to near-mfrarcd light
{564.-B48 pm). The system caes modulation snd Jock-in de-
tection for highly sensitive specroscopic mestwement of
brsin activity. We wsed the theoreticel anabysde of e

82001 Am. Assoc, Phys, Med. 118
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1108 Yarmwshits, Meki, and Kolxumic dorirershs pptical mdsiuntmmsnt 1108

Mudar abiurfition coefTacient
(b ey

Fwe 1. Absorpties ypero of ony- and devxy-hemoglobin (dua foom Red.
13

propagaticn for the indirect measurcment of the precision of
the concentration changes.

il. THEORY

The puvo-wavelengih analysis of hemoglobin concontra-
tion is explained as follows. When the distance between the
jncident and desection points on the. sealp is about 30 mm,
the detectsd light has reached the cercbeal cortex, passing
through the scalp s the skoll ™ The absorbance A 01

far -ﬁmlmglh Al dwring  rest  shike 38 thws
apprmmw.ly,
i m:}
A, wm( =
a3, 1} 'tbﬂul}
= Barya Y syipenitd + Baeseyin 11 deonpimaid
*Sppint 1 F iniye {1

wheze oy, 1) 9 the delocted Tight intensity durmg the rest
miwumﬂwmmm ami;_”md
twti;mMMWmmdm—w
decxy- hmagbhldmwﬁwyhll Couyinesy B0l
Caosyrew) #re the concentrations of owy- snd deoxy-
h:umglnhndwmglhemmd‘uﬁuﬂfmhwm
mmmﬂ‘li}]lhmmmm{m
example, cytochrmme a5} except for dhat by besnoglobin,

|

whcrs

E= B framyin 11 ® antaZy ~ Edeny(n 218 supx 13 ¢ (1)

Eqguations (1)—{10) show tha the concentrition changes in
hemoglobin aie wdinect messurements caloolated from the
dircel messurement of the sbsorbance changes A4, wnd
AAg. The effective path beogth inside tiaue (brain) d
perds on wavelengib #ivicily bocase the Dsgue scaticring

Naciicsd Preysice, Yol 25, No. €, Juns 2001

(®oyin2) = Smomtn )30 Y (Sammpny ~ 2

and 54y, i the attepyation duc 1 scaticTiag in tssoe. During
stimmmlation, the oxypenation of the hemoglobie is changed,
Bnd absmhme: Alﬂ{l“ iﬁ ‘im -

"mnn)

Aman= _lm[ foouny

= Boggyin | 1 eyt ¥ ¥ duacytn 1/ dennyisiird + i iy
2 {2}

where o6 means the values during stimudation. Becaose (he
absorbance duc to hemoglobin is aboat tew times larger than
mwxmcymmu%aﬁnﬁnmo;am,}m tissuc
in the near-infrared region, wcncglm:hethwunm)
a0 ASBUME 205 1) = Suica 1) - Subtracting Eq. (1) from Eg.
[2) gives e abaccbance chanpe Ad,, doe 10 besin activity

{or tixsnc metabodisen) as Eollows,
3T
hon=-n{722)
= 2 oyt 11 Cony + Ennayin 138 Cotmury s 3

where

BC gy ™ L C vt ™ C ot} s {4)

ACsmy™ (C;.-..,.;..;r Cm}i (5

AC = AC AT . b}

In Fa. {6) AC 0 means chanpe in tota)-hamogiobin concen-
Mood volnme, Becaose it i difficull to deiermine the offec-
tive path length & inside the corcbral cortex, we show the
relative comcentration  changes, ACL,, ACp,, =M
AC o+ in umits of miltiolar-millimeter. By oxing two &if

. Tevent wuvelengths, A1 snd A2, we can obain the concentra-

tion changes by sobviig By, (3) s Follows,
—EamgnnyBAp ¥ Anai
ACwy & dencyh2) m; ‘mklmla:j‘ -
AAnn™ AA .
Acﬁyﬂﬂmz} m;_étw_,gm 02 ®
IS b 514 ©

coafficient depends on wavelength stightly ® Although the
wavelength dependence of the path length may canse the
uncertainly i AC . AC gy, 30d AC,,, there is litle
imformation g the wavelrngth dependence of the scattering
cocfhicients of scalp, skull, and brain bx vive., In this analyss
we assurne that the effective path jength is independent of
wavciength.

If the two wavelengths ore fixed, the oonceniration

7
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1110 Yamanhita, Maki, and Xolpaml: Noninvesbee optionl wesss.:reemmrt

changes are considered 1o be & function of the sbsorbunce
changes, In general, error propagation in indirect messre-
ment is explained a5 follows. The indirect measurement 2 is
described by a peneral fumetion f of U diict mesuremenis
x andd y:

2=flx.y). (11}
IF the dirsgt measuremen uncertaintics of & and Jy are
random and independent each othier, the upcertainty of the
indireci measurcment & is spproximately shown by the par-
tial differential of Eq. (11) as follows,

L (EA0N x4
(8) *(T) (&xyi+ { j

Amﬁngmmewmmofﬂ:abmmm
for 1wo wavedengihs are random and independent, we apply
Eqs.,m_{%mﬁq {IZ}MMWMMW

{dvy. {12)

5 2
+( f,;_%ﬁé.‘.’.) (30Ap). (13)

(BAC gy { '“"“’) (684, )

e a2
-4—[«3-‘%"‘3-‘1) (B8Aun)", (14)
and
: _ "
{&KMEFMW ;m{m) (884

_i_{s:m,m,} ﬁ..,ga.n] (88Ann). (15)
whene m(hn .ﬂ‘ m[n} e the divect messorement un-
cortaimties of the sheorbeoce changes, md SAC,,
SAC gy s Mﬁﬂwwkmmm-
certainties of the concentration changes in hemoglohin, Ac-
cording w Ege. (13)-{13), the uncertginting in ihe concentra-
ton chaipges depend i bor only the uncermimiss in
absorbance changes boz also oo the molar absorption coeffi.
cients. T3 . thus indicste fat SACeg.
SA.C poy. W SAC .y depend oun the wavelength pair of Al
and A2,

81, MEASUREMENT SYETEM

A block diagran of the theasiaternent sysism is shown in
ﬁg,l’f‘hcbmcdangnnfﬂnmudﬂmmmdﬂw!mbm
deicction s the same is 4 previous topographic imaging
sysizm ™ that has two wavelengths of 780 and 530 nm. The
camment system uses seven-laver diodes. with waveléngths of
664, 692, 752, 782, 799, 830, and 848 nm and cach bas a
power of 0.2 mW. Their intensites arc modulated sinusoi-
dally at frequencics ranging from 1.2 10 3.3 kHz. The modu-
lation ftequencies e choaen 10 avoid any overfap in thelr
hormonie frequencies. Tha light from each laser diode can be
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4 Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
'age 18 of 482

LT aekem)
PNy e T Ny
Ty gy g W Ty oy
Sl i T Crpier
T T ¥ T Vg o
AT g e W 7Ty oy

P 2. Block dimpoem of ihe messermest sysieme AFDY, avishise b o~
diiode

noiqecly idensified by the moduiation frequency, Aler cou-
pling each diode by an optical fiber coupler (Mitsubinhi Gus
Chemicsl CG5-S8), the scven-wavelength Light in split in
1wo incident optical fhers (I-mm Sameter) sranged at the
left and righn bemispheres. The reflected bght from each
hemisphere i yercived by a detecting optical fher (1-oom
dismeter) next to each incident fiber ad comecied in one of
two svalanche photodiodes (Hamsonstiu C5360-01). The
distance between the incident sl detecting optical fibers is
30 mm on exch hemisphere, This arrangement allows the
simultaneous messurenoent of the brain activities of the left
and right hemispheres. The noige equivalent power of the
svalanche: photodiode is 2 fW/JHz. Exch avalanche photo-
dHode output is separaied inko seven modulaed sipnels, onc
for cach wavelength, by seven lock-in amplifers. To simul-
taneomsly messure both hexispiheres and seven wavelengihs,
we used & sotal of 14 lock-in amplifices. Each lock-it ampli-
ficr consists of i 3C module thax acts as a phase sEnsitive
noise voltage of the lock-in amplifiers i 30e¥h He Be-
cause the voise voluge of the svalache pl ouiput
after current-4o-voltage amplifier is 2 pV} the scrsitiy-
Hy of the Jock-in amplifier is enough. The Gme constant of
the lock-in amplifiers is 125 ms {the comeaponding sisbiliz-
ing tiroe i3 sbout 300 ms). The 14 owpur sigeals of the
bock-in mmphifices e sent 1 & computer via a eyltichanne)
analog-wo-digal converier {Kedibley MetraByiz DAS-
IBVHC) with a sampling rate of 300 ms. Through the
modulstion and lock-in detection. of all descied light, we
simaltancously obtaim  speciroscopic moasgrenents from
cach laser diode with high sensitively sgainst stray kght,
wirtuslly mo cressialk between the signals {dess then ~50
dB), no optical loss {no opiical filer or diffiaction grating),
and no time joss (no switch).

V. MEASUREMENT OF BRAIN ACTIVITY

The purpose of this measuwement is sot o clarily brain
aetivity Wsell bt t estimate the wavelength dependence on

o

e,

ST T
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6. 3 Time couses of desecacd lighe menaity For 1n-hand stmeimion &

the right hemisphere (652 sad 530 wn). Solid ourves e meanord imensi-

ties, Beoked curves sbé e Mtting twryery obuiioed o the period of pre-

md post-stimuimios.

uncertainty. ‘Thus we used o simpic and well-known fnger
motor stimulation. The subjoct was & 55-vear-okl, right-
handed, healihy male volunieer. Informed consent was ob-
tained from the subject before ths investigmion. The subject
wi sertled in a relaxed condition, & stpine positicn, abd kept
bis eves closed Groughout the measurement. As the stitv-
Ladon, b tapped hix Angers, the digits H-V, in random crder
sgainst his thumb, first for tbe right hand and then for the Icht
hend for 30 5. The measurements of the brain activity resubt-
ing from (his stimulation wers inkegeaisd 13 times for each

GWmhmoghhnmndcﬂ:nmﬂlﬂMxmmﬂly
MM&M]MMMMMPDMLNMW
ment pessitions for cach b were ansiomically iden-
tifiod a8 ﬁngummfmhy MRL-1

V. RESULTS AND DISCUSSION
A Absorbence changs

The time courses of the detortod Bght inbensitics at 692
and B30 nm integraied 13 times are shown in Fig. 3 for
Icft-hand simulation st the right hemispbese. The detected
light intensities Auctate by sbeat O0H Hz, which probebly
reficcts sutural tissue metbolism, ' To extract the exact
iniensity chenges due to brain activity from the Suchestion,
we show the Hoctustion st Biting curves by maing the least-
squares metbod for & Wird-order polynomial " For the fit-
ting, we nand two nonstimolaion (res) periods: one just be-
fore gtimulation and another afier 20us relaxation (pre- sad
post-stimalation periods in Fig. 3). Since the whole zaalve-
ing perbont {130 &) in Py, 3 snd the Quctuation period (showt
100 8} are close, the thivd-onder polynomnal Btrng is an eon-
pirical method 1o deaciibe the flocwation.,

The insensity chargics corneponding 1o the waveleogth of
692 and B30 nm during Sw siimuolstion are positive and
ncpative, alicrnatively. According 1o the spectra in Fig. 1.
-hemooglobin is more sensitive to the 692-nm Light; on

Madical Plysice, Vol. 78, No. -8, June 2001

Abssrbaues chunge

B vy v Sy

- Tl - il g o

O 2% & & W W I 1N
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FioL 4. Tises cowrses of sbeorbence chenge for left-heid sthikclithn o the

the other hand, oxy-hemoglobin is more sensitive W the
R¥)-nm lipght. Thus the e courses s Fig. 3 probably re-
Bect oxy-bemoglobin (B30 n) wid deoxy-hemoglobin {592
fim), W pee the fiting curves as [, srud the measursment
imeasitics s £ in Eg. (3) to obtain abeorbance changes for
cach dotected ticse, The time courses of the absorbance
chanpes in 84 g, sod Ad g are shown in Fig. 4. To estimuie
theorctically the uncertainty o the hemoglobin coocoatration
certainty in the meanured sbaorbunce change (SAA) a8 the
siandard deviation of the measured alwochance change thr-
ing the prestivmkanion period. The uncermainties in the med-
sured absorbance changes ot all wavelengths are YHswed in
Tuble L Thess uncerisinties ane fairly similar for all wave-
lengihs.

Tame T. Expeviovental unccrisiniics of absorhencs chaege.
Uﬁ“;ﬁmyﬂme_pﬁaAA}

Wavelengih (ati) # il hewispler ot Tight bemisghise
B4 0.006 48 .00 #3
) £0.005 57 Do 28
v 0204 98 £.004 13
"W Q004 95 [de ] A
e €004 21 B0 18
(] 0.085 1% 2.005 00

Bag 0906 99 (DD 0

//
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P, 5, Changes e conssvrnbon of oxy- (Soned curves), dity- (solid

corvesh, and total. {bold curves) hemoginkin far tef.bend sibminion &
[ad=a3] o Jeft bemisphesn Lipilimsral) gnd FH-()] U sight bervdsphore
{romixnlpieenl); (8} amd () IV I90-2om peir: (05 ond (g 4307 TER-wan peiir; {23
and fh} EIHV752-mm puir; () st (] ENVGS2 i paic; and (e} and (j) 53¢
163, yunlir.

B, Conceniration chenge in hemogiobin

Substirating the absocbance changes e Eq. (3), for ar-
bitary wavelenpth paic, we oblained e conceniration
changes in oxy-, deoxy-, and iotal-bemoglobin, In Fig.
(left-band stinnilation) ik Fig. 6 (tght-band stmoolaton) we
fixed M1 ag 830 nm and showed ihat fhe messurement preci-
sim of the comcemration changes depended on the second
wavclength. We can clearly see that the uncertainty {noise} is
oocdicesd g A2 s veduced. Ther (e courses show ibat oxy-
concentration stightly decreases in contralateral hemizpbere.
These ime cowses are iypical eegsponses 1 ihe Mol
stimulation.” 3 For ipstlaseral hesmsphere, oxy- and total-
bemoglobin concentrabion incroase at the start of stimulstion
bt decay rapudty. When the 830/799-nm paibr is wesed, it i
difficolt w measun: the conceniraion changed @acept fiw

Mastical Plrgsicn, Vol 28, Ko &, dum 2001

Right heusinplers
(prbaters]

Concentration

oM

Conremtrntion
m&;

ol
L]

C;ﬁ_

.tu_u.aza a;,.“z Et.2zeE

< Tl iy
¥
gtocec bh

PG, 6. Chiigis ih concenivstioe. of oxy- [doted carven). deoxy- (il
aurvesh, wnd sk (ool corves) hemogiobin for Tiehi-hand stawdaton &
fia)4ed] ibe dcft hemrispleere (owiraloteral) mead [(0-{f)] e right hend-
spbere {paaersl): () and (N B3TO%-nm pair; (6} and (g} E3OF752- 0
palir; () amd O} EWVYS2.nem o () mad (7) AIEASS- 200 puic; amd {=} mad
1) B .

the siroctuns of the time conrses comresponding w e 8V
GO2-nm pair.
Tomumminmemmnfm

mmmuuuﬂwmdézﬁniwm&umﬁm
tarion perod, “This calenlation is similer to that of 1he sheor-
bance chunpe mentioned in part A above. We also cakuiated
theorsiical estimation of the uncertainty by using the vahoes
of SAA in Tuble T and ihe hemoglobin sbsarption coeffi-
cient. We then put these values into Egs. {13)-(14) to deter-
mine the gocerminty I the concentration change. The ex-
perimental gmd thoorctical uecertnintics sc compared in
Tabic H and show good agreement. The messuremnent of the
concentration changes by usiog thc 83¥664-nm: pair we two
times (oxy-Hb} and six times {deoxy-Hb) meere precive than
those try using the 330/782-0m pair. On the other hand, the

J2_
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Lk b3

Yanis 1], Unecenaintes of concetiestion changes in oxy-, deaxy., und satal hemoglubin in two-warveloagth aalyyis wih 3 mam,

Uncerminiy ol comensnation. chmpe in hemegldbin X 1075 @;ﬂ

Righs-dant sievadason 3t 141 hemispher:

Lebi-hmnil stinmabativn ol i Dimasphers

Oay-Ho Dexy-Hb Toial-Hy Oxy-Hb Dexy-Hb Total-Hi
Wavekngh (wm)  Thesry  Expi  Theay Expl.  They BEap.  Tweory Byt Theery  Ewp  Thewy  Expe
o 157 1% L6 Lni 317 116 1 243 D8 D& 208 LM
192 9 284 141 148 217 213 261 19 678 0% LM M
™ 2 3%t im ¥ 2N 195 338 331 1% 200 1% L
™ 37 506 43z 3% 20 179 328 K53 557 6ee LW 1
9 9.7 123 107 4 22 228 &M 25 946 41 A7 128

messoremant of intal-hemoglobin  concentration iy only
slightly dependent on wavelength Moreover, the value of
the comentation change in soal-hemogiobin is independent
of the wavelength pairs (Figs. 5 and 6). This sugpests cxperi-
manially thet the effective path length in the brain does not
depend on the wavelength {664-830 sm). The Monte Carlo
simubation of the photos propagaion in te head shows that
the suociure of e head (skin, skoll, cembrospinal Rusd,
beain) strongly affects the distibation of the photon pach. >
Moz stady is neoded on the photen path in the head,

C. Entimution of optirst wavelength pair

The first wavelength X1 was fixed as B30 nm and the
second wavelength dependence of the procisien was esti-
maind {Fig. 7). For the [heorefical estimation we use
second wavelength is G.005 24, which is the mean valee of
SAA from 664 1o 799 om (left hemisphere; right-hand stimo-
lation). Acconding t Fig. 7 the agreoment between cxperi-
ment and theory is wery good. The unceriainty in total-
region; on the other hand, the uncertyinties in oxy- amd
deoay-Tevogiobin concentrmion shaply drop aroumd 800
me and havve 3 miidsicn at 760 ni, which cormesponds 1 an

%

]

% :‘: Thary  Esperimesisl dus

Ioolam =

z .

28wt

§F w |

T o

£ e .

= = . by e
Wavelength (2m)

Fici. 7. Lincaitaintios of comcenication chanpe sgainsl wawslengdl in two-
wavelength anxdyxis with 30 nm and o secoad woveiength {right-heod
siimiation s kel hemispherc)l, Linoesainties in ony- (doticd suwe), deouy-
{sid curen), and tolad- (bolit cuwewe) heooogiolin mre shows dheonstically,
Experimesantty messmmd prossainites we o sbown fony- (closed circe),
devicy- {ckomed bimnghel. and totak- Gasterisk} Iwigehibin],

Madical Phvrsica, Vol. 28, No. €, June 2

sheorpoon peak of denxy-hemoglohin at this wavelength,
B&w?ﬁmﬂzmmgnﬁnﬂ!ymmhmm
sshls The most precise ocsswrerent is for deoxy-
bemoglobin wnder 700 nm a8 the second wavelkenph,

We also used 2 waveléngth of 348 nm as A1 in the analy-
sis of the wavelength dependence of measurement peecision,
This wavchength prodeces very similie resslis o those with
£30 nm as M. Altbough the precision i the messrement of
moior activation is good when usiag the S30/664-nm pair,

move sindy is weeded e other activation, such a8 visual,
audmry a0d hngusge. Moreover, the kind of uncartsinty
cstmatitm studied here tan be applisd o Biree-, foar-, and
mult-wevelengih analysis as well,

Vi. CONCLUSION

We cstimated the wavelength dependenes of the messure-
ment uncerisinties {concentration chanpes in oxy-, deoxy-,
and rotal-hemoglobin). Using two-wayekenith aalysis when
mm@m&mﬁzmmmmwﬂmw

and experimentally 1t the wncertaintics are dependent on

- the wavelength pair id oocy- and deoxy-hemogiobin measore-

ments. Moreover, measuresnent of the comcentration changes
Ty esing the BAMGG4-0m paie ane iwo times (oxy-Hb) and six
times (deoxy-Hb) more prccine than those by vaiag the K30/
T82-am pair. On the other hand, the measaverent of iotal-
hewsoghabin concenteation is only slightty dependent on Wbe
wkvelength pair,
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Wavelength Dependence of Sensitivity in NIRS for Measurements
of Different Brain Areas

Hiroki Sato and Atsushr Maki
Advanced Research Laboratory, Hitachi, Ltd.

Introduction

Concentration changes in hemoglobin (Hb) caused by neural activity can be measured in
cerebral cortices using near-infrared spectroscopy (NIRS) . We proposed NIR topography
in 1995 as a new noninvasive imaging modality * and have developed the system since then.
The system called ‘Optical Topography” (OT) is commercially available (ETG-100; Hitachi
Medical Corporation). It has 10 laser diodes of two wavelengths at 780 and 830 nm and
measures relative concentration changes in oxy-Hb (AC,.y ) and those in deoxy-Hb
(ACgeoxy). These values of AC,y and ACueoxy are derived from the differences in
absorption coefficients of oxy-Hb (£4.y) and deoxy-Hb (g4eony) between two wavelengths,

The wavelength dependence of the measurement sensitivity has lately been evaluated
using the error propagation law . The study suggested that the measurernent uncertainties
are dependent on the differences in €, and £4c0xy between two wavelengths in indirect
measurements. Yamashita and colleagues also conducted an experiment to investigate the
validity of wavelength dependence and found results supporting the prediction that a more
sensitive measurement would be achieved if we use two wavelengths that have larger
differences in goxy and g4eoxy between two wavelengths. That is, wavelengths shorter than
780 nm paired with 830 nm should provide more sensitive measurements of AC ., and
ACqeoxy.

However, the experimental confimmation in the previous study seemed to be imsufficient
for practical use because a structural variance in tissue is expected in different areas of the
head while they measured only motor function in the parietal lobe for one subject.
Therefore, we examine which wavelength allows more sensitive measurements among
various areas of the brain and subjects. Wavelengths of 678, 692, and 780 nm were tested as

a wavelength paired with 830 nm among various lobes in 6 subjects.

Methods

We used a system with 4 laser diodes of wavelengths at 678, 692, 780, and 830 nm. The
4 waves were guided into an optical fiber to irradiate the same point simultaneously. Each
power of waves was 1.0 mW (intensity average: 1.06 mW, standard deviation: 0.10). The
mixed light was irradiated to the head-skin, and reflected lights from tissues were obtained
using another optical-fiber at a distance of 30 mm from an irradiation fiber. The amplitude
of each wave was modulated at different frequency (1.0 ~ 2.7 kHz) to separate the detected
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signal into individual light sources using lock-in amplifiers. The reflected lights were
detected every 500 ms using an avalanche photodiode. Four lobes (frontal, temporal,
occipital, and parietal) for 6 subjects (4 males and 2 females) were measured in 120-s
periods with no task.

The time-courses of reflected light in randomly selected periods of 30-s were analyzed in
each condition. After concentration changes in Hb were calculated using three
wavelength-pairs (678/830 nm, 692/830 nm, and 780/830 nm), the standard deviations of
AC,y and ACyeoxy were used as the noise-level to compare the sensitivity of measurements.
The paired wavelength was fixed at 830 nm because a longer wavelength such as 848 nm

had no advantages °.

Results and Discussion

The differences in noise-levels among wavelength pairs were examined n each
measurement area. The pairs of 678/830 nm and 692/830 nm showed smaller noise-levels
than the pair of 780/830 nm in all lobes, as were expected. Although the noise-level in the
pair of 678/830 nm was smaller than that in the pair of 692/830 nm in only the frontal lobe,
the pair of 692/830 nm showed less noise-level than the pair of 678/830 nm in other lobes.
The inconsistency with the previous study °, which had shown that a shorter wavelength
such as 664 nm could achteve a lower noise-level in the parietal lobe, could be due to the
great vanance of noise-level among areas and subjects. In general, the pair of 692/830 nm
achieved a stable improvement in sensitivity across all lobes and subjects.

In addition, we examined the noise-level of the reflected light at each wavelength and
found that the level at 678 nm was occasionally larger than those in other wavelengths. This
result suggests that the attenuation of reflected light at 678 nm is sometimes too strong to
measure cortical activation accurately compared with other wavelengths.

We conclude that the pair of 692/830 nm provides more sensitive NIRS measurements in
all brain lobes, making it ideal for practical use, while shorter wavelengths such as 678 nm

appear to be less suitable because of dependency on the measurement area.
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Near-infrared spectroscopy (NIRS), which can be used to detect
changes in the concentration of oxygenated hemoglobin (exy-Hb} and
deoxygenated hemoglobin (deoxy-Hb) in tissue by using illumination at
two different wavelengths, is often applied to noninvasive measure-
ments of human brain functions. It is commen to use two wavelengths
that are on epposite sides of the point where the optical absorptions of
oxy- and deoxy-Hb are egual (about 800 nm) but an optimal
wavelength pair has not yet been determined. In this study, we
conducted simultaneous recordings at five wavelengths (678, 692, 750,
782, and 830 nim) to determine the best wavelength for pairing with 830
nm. A theory suggests that pairing a shorter wavelength with 830 nm
can provide more sensitivity because of the larger difference in
absorption coefficients of hemoglobin between two wavelengths. The
changes measored in four cortical areas (frontal, occipital, parictal, and
temporal) showed that the noise level when the 678-, 692-, and 750-nm
wavelengths were paired with 830 nm was usnaily lower than when the
782-nm wavelength was paired with 830 nm, which is consistent with
theoretical prediction. Moreover, the signal-to-noise ratios (S/Ns) and
wavelength dependencies of the power detected in all areas and
subjects together suggest that the 692-nm pairing had the highest S/N.
This suggests that the optimal wavelengths depend on not only the
difference in the absorption coefficients of hemozlobin but alse on the
aptical properties in the measurement area, which affect the strength of
the attenuation data. The 692-nm wavelength is thos a more optimal
choice than wavelengths around 780 nm for paiving with 830 nm te
measure Hb changes induced by cortical activation. The improved S5/N
enables more sensitive statistical analysis, which is essential to
functional mapping with NIRS.

© 2004 Elsevier Inc. AH rights reserved.

Keywords: Near-infrared spectroscopy; Wavelength; Hemoglobin; Cortical
activation; Sensitivity

Introduction

Ncar-infrared spectroscopy (NIRS) has been used for measure-
ments of biological metabolism such as concentration changes in
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1153-8119/8 - see front malter © 2004 Elsevier [nc. All righls reserved.
doiz10.1016/ . neuroimage.2003.12.017

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 25 of 482

hemoglobin (Hb) species (Jobsis, 1977; Jobsis et al., 1988; Wray et
al., 1988). Particularly important has been the application of NIRS
to noninvasive measurements of concentration changes i oxygen-
ated hemoglobin {oxy-Hb) and deoxygenated hemoglobin (deoxy-
Hb) related to brain functions (Chance ct al, 1993; Hoshi and
Tamura, 1993; Kato et al.,, 1993; Villonger et al., 1993). Since
near-infrared (NIR) topography with multiple measurcment posi-
tions was infroduced as a noninvasive imaging modality (Maki et
al., 1995; Yamashita ct al., 1996a,b), many cognitive studies using
NIR topography have been reported in various fields (Kennan et
al., 2002ab; Minagawa-Kawai et al., 2002; Noguchi et al, 2002;
Obata et al., 2003; Pena et al., 2003; Sato et al., [999; Taga et al,,
2000; Watanabe et al., 1998). In this method, the changes in the
concentration of oxy-Hb and deoxy-Hb in the cerebral cortex are
simultaneously recorded at multiple positions by using light at two
different wavelengths (780 and 830 nm). Noninvasive NIR topog-
raphy, which has advantages such as applicability to infants, is
expected to provide novel information on brain function (Koizumi
et al., 1999, 2003).

The cumrent NIR system has both future potentiat and current
limitations (Koizumi et al,, 2003). One limitation ts the signal-to-
noise ratio (S/N}—the data must be avcraged to detect small
activation signals such as event-related responses (Kennan et al.,
2002b; Noguchi et al., 2002). Improving S/IN scnsitivity is thus one
improvement needed to make NIR topography more useful. We
have investigated wavelength selection for improving the $/N in
practical NIR measurements.

In dual-wavelength analysis, equations bascd on the maodified
Beer—Lambert law are used {Cope and Delpy, 1988; Delpy et al.,
1988):

L. ACmcy = AC:).IY (i1, 22}

_ haewy (2) - Adn =+ Sdeoxy (1) - M (1)
E H

L- Acdouxy = Ac{ieoxy (a1, a2y

_ oy (42} CAA G~ By ) - Ay @
E R

where

E= Edeony (A1) " Eoxy 142) — Edeoxy {42} ° Soxy (i1}~ (3]

'/
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The relative concentration changes (ACJy (a1, i) and AC ooy
¢21, 4z)) arc cxpressed as the concentration changes {AC,,, and
ACyeoxy) multiplied by the indefinite optical path-length in the
activation region (L), where A4, £, and gg.,, indicate the
logarithm of the intensity changes, the absorption coefficient of
oxy-Hb, and that of deoxy-Hb, respectively, for two wavelengths
(A1, A2). Note that we have to assume that the path-length (L) is
equal for every wavelength because accurate estimation of L is
almost impossible with this technique. Although the wavelenpth
dependence of L can be predicted and can make independent
measurements for multiple chromophores difficult {cross-talk}, the
cross-talk effect is necgligible when measuring changes only in
oxy- and deoxy-Hb (Uludag et al., 2002).

Wavelengths that are symmetric about the point where the
optical absorptions of oxy- and deoxy-Hb are equal {about 300
nm) are usually used as A1 and A2 (e.g., 780 and 830 nm), but
optimal wavelengths have not vet been determined. The present
study aims to improve the S/N for hemoglobin changes expressing
cortical activation by sclecting an appropriate wavelength pair for
practical use.

According to the general error-propagation law, the noise levels
m the Hb changes depend on the ditferences in the Hb absorption
coefficients between the two wavelengths (Yamashita ct ak., 26071).
The theoretical noise levels in ACy,, and AC{.,x, depend on the
wavelengths and can be expressed as

. —Edeoxy (2212
(BACy (a1, 42))2 = (TYH) (6AA4 o)’

£ ny?
() 5Ad ), (4)

Eox 2
(6ACheory (a1.42)° = (%) (884 (1))
—Egxy (A1})2 2
- (Y 5ad ), (s)

where SAC.;XY (A1, i2) and SACd'eoxy (2, a2y arc the indircctly
measured noiselevels of AC] ., (a1, 22y ABA A oy (21, 12 A SAA 4y
GAA 4y and BAA ;7 are the directly measured noise levels of
Ad 1y and Ad ;7. Assuming that 8AA 5y, and BAA (), are
random and independent, we can calculate BACY.y, (1), 22y and
BAC caxy (i1, 4y using Egs. (4) and (5). On the assumption that
6AA4 31y and 8AAd 0y are the same, using a wavelength pair
having a larger difference in the hemoglobin absorption between
the two wavelengths should provide more sensitivity. For
example, wavelengths shorter than 780 nm paired with 830
nm should provide less noise in measurements of AC/, and
ACamy (Koizumi et al., 2003; Yamashita et al., 2001). Another
study using a similar theory suggests that the 780- and 830-nm
patrings are not optimal for oxygen saturation-related measure-
mends (Strangman et al, 2003).

However, the optimal range of wavelengths has not been
determined and the effectiveness of these wavelengths for practical
use 15 still unclear. A previous study (Yamashita et al, 2001)
measured only motor function in the paretal lobe of one subject
although optical propertics are predicted to depend on the anatom-
ical varances among subjects and areas. Although the results
supported the theorefical prediction that using two wavelengths
having larger differences in the absorption coefficients of hemo-
globin reduces measurcment noisc, they did not clarify the meth-
od’s practicality. On the other hand, another study (Strangman ct
al., 2003) conducted simullanesus measurements with multiple
wavelengths of 675, 691, 752, 780, 788, 830, and 840 nm. The

study, however, did not compare actual neise levels among
wavelength pairs although it conciuded that pairing 690 or 760
nm with 830 nm is better than pairing 780 with %30 nm for
measuring oxygenation changes.

We think experimental examination of the Hb changes resulting
from the use of an optimal wavelength (approximately 650-750
nm) paired with 830 nm is necessary to determine the practicality
of this method because simulation studies cannot verify every
possible madel. [n particular, the practicality of each wavelength
should be investigated by measuring the vartation in the detected
light power, which depends on the transparency of the wavelength
in tissue. Moreover, the dependencies of the activation-signal
profile and S/N on the wavelengths should be examined to verify
that these wavelengths measure the Hb changes induced by the
same cortical activation.

In this study, we measured cortical activations in four arcas
(frontal, occipital, parietal, and temporal) with simultaneous re-
cording vsing five wavelengths (678, 692, 750, 782, and 830 om)
to find a way to improve the sensitivity of NIRS measurements.

Materials and methods
Subjects and measurement paradigm

Four subjects (two men, two women; ages 25-45) gave
informed consent to participate in this study. All subjects showed
right-handedness by the Edinburgh inventory (Oldfield, 1971).

Four stimulation paradigms were given to each subject for
measurcment of the four cortical areas. To measure frontal cortex
activation, mental arithmectic tasks were used. A number from | to
9 was randomly presented every 1500 ms. The subjects were
instructed to calculate the runming total in their head and to whisper
with minimum jaw movement the answer at the end of each string
of 10 numbers. For the occipital cortex measurements, rectangular
black-and-red checkerboard stimuli with the squares reversing
between black and red at a frequency of 8 Hz were presented.
The subjects were instructed to focus their atiention on the fixation
cross at the center. The parietal cortices werc activated using a
tinger-tapping task—the fingers of the left hand were placed on the
tip of the thumb in serial order (forefinger—second finger—third
finger—little finger—third finger-second finger—forefinger). The
subjects were asked to repeat the tapping sequence as rapidly as
possible dunng the time ‘Tapping’ was presented on a CRT
monitor. Auditory-language stimuli were used for the temporal
area measurements. The subject wore headphones and was
instructed to carefully listen to a Japanese story presented through
the headphones while looking at the fixation cross on the maonitor,
In each measurement paradigim, a 15-s stimulation period and a 30-
s rest period were alternated 10 times after a 30-s rest period. All
the visual stimuli were displayed on a CRT monitor placed 70 cm
from the subject’s eyes in a dark room. During the measurements,
the subject sat in a chair and was instructed to fix his or her gaze on
the cross at the center of monitor and 1o concentrate on cach task.

The measurcment positions were defermined for each subjcct
based on the preliminary cxperiments using multichannel NIR
topography (Optical Topography®, ETG-100: Hitachi Medical
Corporation, Japan) using the 780- and 830-nm pairings. The
positions showing significant activation in the frontal areas were
around the middle of the Fp,, F4, and Fy locations in the
intemational 10-20 system (American Eleciroencephalographic
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Fig. 1. Diagram of measurement system. APD: avalanche photodiode.

Society, 1994). The measurement positions in the occipital, pari-
etal, and temporal areas were determined to be around the O, C,,
and T; locations, respectively. In general, the locations in the
international 10-20 system have an appropriate relationship with
cortical anatomy (Towel et al, 1993},

NIRS measurement

A measurement system with five laser diodes operating at
different wavelengths (678, 692, 750, 782, and 830 nm) was used
{Fig. 1). The five waves were guided into an optical fiber to
irradiate the same point simultaneously. The continuous mixed-
light was irradiated on the subjects” head, and the reflected light
was detected every 100 ms using an avalanche photodiode (APD)
located 30 mun from the incident position. Optical fibers (diameter
of 1 mm) were used for both the irradiating and detecting lights.
The average power of each light source was 0.93 mW, and each
source was modulated at a different frequency (1.0-2.7 kHz) to
enable separation using a lock-in amplifier after detection.

Data analysis

Hb time course

The detected temporal data for the attenuation change at each
wavelength were separated into blocks consisting of a 5-s presti-
mulation period during the resting state, a 15-s stimulation period
during the stimulation, and a 25-s poststimulation period during the
rest state, The data were baseline-corrected using the data for the 5-
s prestimulation period and the data for the final 10 s of the
poststimulation period. After eliminating the blocks with artifacts
caused by obvious motions such as a cough or sneeze, we were left
with more than eight blocks for each area and subject. Using the
modified Beer—Lambert law, we derived the concentretion changes
in oxy- and deoxy-Hb [ACY,, (21, a2y and ACoxy 1, 1zy] from the
attenuation data of two wavelengths [Ad ) and Ad ], one of
which was fixed at 830 nm and paircd with one of the four other
wavelengths {e.g., Maki et al., 1995}, We compared the Hb time
course for the 782- and 830-nm pairs {the 782-nm painng) with
that for the 678-, 692-, and 750-nm pairings in ¢ach area.

Activation-signal amplitude

Activation signals were statistically assessed and selected.
Assuming that the hemodynamic changes induced by the stimuli

were delayed 6 s from the stimuli onset, the shifted period of the
stimulation was defined as the activation period. The mean Hb
changes during the prestimulation period and those during the
activation pcnod were calculated for cach block. Based on the ¢
value {paired t test) between the mean Hb changes in the presti-
mulation periods and those in the activation periods, data with
significant ¢ values (P < 0.1) were selected for further analysis
using the activation signal. After the selection, the mean Hb
changes in the activation pertods were used to examine the signal
ammplitude and signal-to-noise ratio (8/N}. We calculated the signal-
to-noise ratio by dividing the signal amplitude by the noise
amplitude.

Noise levels in b changes

The noise amplitude in the Hb changes was determined using
attenuation data for the first prestimulation period of 20 s before
the original data was separated into blocks. The concentration
changes in the oxy- and deoxy-Hb were denived from the data after
it was baseline-corrected using a line. The noisc amplitude was
defined as the standard deviation in the Hb changes after applying
a high-pass 1.5-Hz filter. A filtering threshold was set so as to
extract the pure system noise, eliminating the effect of spontanecus
low-frequency fluctuations and physiological signals such as
respiration and pulse signals.

Results and discussion
Detected power of reflected light

The detected power of the original reflected hight (830 nm) is
shown in Fig. 2 for each cortical area. The power detected in the
frontal area differed greatly from those in the other areas, probably
because the subjects had no hair covering the frontal area. The
power detected in the temporzl arca was higher than in the occipital
and parietal areas, possibly due to differences m the root-of-hair
density and cranium thickness.

As shown in Fig. 3, the relative detected power was weaker the
shorter the wavelength, except for the frontal area. Compared with
the detected power for 830 nm, those for 678, 692, and 750 nm
were 36%, 44%, and 59% on average, respectively. The power
detected in each area differed depended on the wavelength,
suggesting the need for spectroscopic study of human hair,

Z 1.5E-71

E

&

£ 1.0E7]

[= 9

-

5

& 5.0E-81

©

] I_r_|

o ———
F o) P T

Area
{F: Frontal, O: Qccipital, P: Parietal, T: Temporal)

Fig. 2. Mean delected power {830 nm} in four cortical arcas caleulated
using recorded veltage and corected for detector’s wavelength sensitivity
and amplifier gain. Error bars indicate standard error.
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678 nm  E1692nm  [3750 nm previous studies (e.g., Sato et al., 1999), the concentration of oxy-
W782rm []830nm Hb increased and that of dcoxy-Hb decreased during the task
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Fig. 3. Relative detected power of five wavclengths for each area corrected
for detector’s wavelength sensitivity and amplifier gain, and normalized by
data for 830 nm. Error bars indicate standard emor.

Hb time course

Using the attenuation data for each wavelength, we calculated
the Hb time courses. The block-averaged results for each cortical
arca for each wavelength pair for a rcpresentative subject are
shown in Fig. 4. The shapes of the time courses obtained with
the different wavelength pairs were similar for each area. As in

period in the occipital, parietal, and temporal arcas. However,
increases in both oxy- and deoxy-Hb were found in the frontal
area. The variation in the deoxy-Hb could be related to variations
in the vascular systemn, as suggested by another study (Yamamoto
and Kato, 2002), in which similar results were found in Broca's
arca. Further studies focusing on the relationship among neural
activity, the fMRI signal, and the NIRS signal are needed for better
understanding of the physiclogical mechanism.

The ¢ tests for all subjects except ome indicated significant
activation for both oxy- and deoxy-Hb in every cortical area. The
exceptional subject showed insignificant deoxy-Hb changes only
in the parietal and ocecipital areas, Ome reason for the exception
might be the possibility of variation in the deoxy-Hb changes
{(Yamamoto and Kato, 2002). Another possibility is a peor 5/N for
deoxy-Hb in both areas (Table 1). The activation-signal amplitudes
for deoxy-Hb are usually less than half those for oxy-Hb (Maki et
al., 1996).

After low-pass 0.8-Hz Rltering, the profiles obtained from the
four wavelength-pairs were compared. The low-pass filtering
eliminated the effects of high-frequency system noise. The
correlation coetlicients (Pearson’s product-moment correlation
coefficient) are listed in Table 2. Every comparison shows a
significant positive correlation (P < 0.0001) for all subjects,
indicating that every wavelength pair measured almost the same
cortical area.
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Fig. 4. Block-averaged hemodynamics in each cortical area for each wavelength pair for a representative subject. All wavelength pairs were simultaneously

measured in each area. In the ‘stim’ periud, a stimalus was given ta the subject.
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Tabte |

Relative signal-to-noise ratios (S/Ns) for four areas for 782-nm pairing
calculated by dividing signal (amplitude of Hb change in activation periods)
by noise level (standard deviation during pre-activation period)

Hb species Area Relative /N
{mean + SC)
Oxy-Hb frontal 1.00
oceipital 0.57 + 0.1
parietal 0.46 £ 0.05
temporal 0.62 + 0.04
Deoxy-Hb frontal 0.64 + 0.04
occipital 0.31 £ 0.13
parietal 0.20 =+ 0.08
temporal 0.37 £ 0.10

They were normalized using Oxy-Hb data for frontal area.
SE = standard crror.

The correlation coefficients for deoxy-Hb for all areas except
for the frontal area were relatively low because of the lower S/N
in those arcas. The mean S/Ns for deoxy-Hb in the occipital,
parictal, and temporal areas were about 31%, 20%, and 37%
relative to the S/N for oxy-Hb in the frontz! area, respectively
{Table 1). The lower corrclate coeffictents for deoxy-Hb may
have resulted from the area dependence of the detected power
(Fig. 2) and a lower S/N.

Activation-signal amplitude

The activation-signal amplitudes normalized using the data for
the 782-nm pairing are shown in Fig. 5. The amplitudes were lower
for the shorter wavelengths In most cases. An analysis of variance
(ANOVA) (wavelength pairs % areas) indicated significant effcct
of wavelength pairs for deoxy-Hb [F(3,40) = 3.65, P < 0.05]
although no significant effect for oxy-Hb [ F(3.48) = 0.97, P> (.1]
was found. According to Eqs. {1)—(3), the Hb changes (AC/,, and
ACfeony) G0 not depend on the wavelength pair, but it is possible
that the activation-signal amplitudes were affected by a difference
in optical path-lengths (£’s) among the wavelengths.

Although the path-length (L) should be the same for different
wavelengths according to Eqgs. (1)—(3), it changes depending on

Table 2
Correlation coeflicients of Hb time courses in wavelength-pairs comparison

the optical properties of the biological tissue. We defined L as the
partial path-length, which is the average path-length of light
traveling through a focal region of absorber changes (Hiraoka et
al., 1993), To estimate the wavelength dependence of the activa-
tion-signal amplitude, we calculated the relative path-length (L7 for
each wavelength, on the asswmption that the path-lengths of 782
and 830 nm arc the same:

] | R — Ay B
Euxy {41} x Acdxy (782, 830)+ Edmxy {21} % Acéwxy('.'sz! 530):

(6}

where the concentration changes for the 782-nm paining were used
as the standard changeb [Acu'-’xy (782, R30) and AC&’W,‘Y (732, 330]] for
every wavelength to isolate the difference in amplitude of AC,,
and AC[oxy for the 678-, 692-, and 750-nm pairings due to the
variance in optical path-length (L) from that for the 782-nm
pairing. Recent reports suggest that the partial path-length is more
appropriate than the differential path-length for compensating for
the difference in NIRS sensitivity (Okada and Delpy, 2003a,b).

The relative path-lengths (I} calculated for each area are shown
in Fig. 6. The average path-lengths for 678, 692, and 750 nm were
shorter than those for 782 and 830 nm although there were large
intersubject variances. These results indicate that the variances in
the signal amplitode might be explained by the effect of the
varying path-lengths. The large variances for 678, 692, and 750
nm would greatly affect the deoxy-Hb signal because shorter
wavelengths have a higher absorption coefficient in deoxy-Hh,

The wavelength dependence of the optical path-length might
raise concern about the cross-talk effect (Ulndag et al., 2002).
Although we could not determine which wavelength pair actually
resulted in the minimum cross-talk since the L's were calculated on
the assumption that the path-lengths of 782 and 830 nm are the
same, it is important that the direction of the signal (positive or
negative} was consistent among thc wavclength pairs in each
hemoglobin and subject. This suggests that the wavelength depen-
dence of cross-talk was small enough not to cause a diffcrent
activation pattern and that the signal amplitude can be comected
using the relative path-length when the signal amplitudes in the
782-nm pair are fixed as the standard.

Wavelengthi-pairs comparison Frontal (mean + SE)

Occipital (mean £ SE}

Parictal {mean + SE} Temporal (mean + SE)

Oy

678-830/692 - 830 0.998 + 0.001 0.934 + 0.028 0.967 & 1.021 0.983 + 0.013
478 -830/750-830 0.998 + 0.001 0.937 + 0.029 0.959 + D.029 0.985 + 0.004
678-830/782—830 0.989 + 0.003 0.909 =+ 0.031 (.39 £ 0.045 1977 + 0.006
692 -830/750-830 0.998 + 0.00] 0.918 £ 0.039 (948 + 0.038 0.985 + 0.004
692 —B30/782 830 0.992 + 0.002 0962 + 0.042 0.884 £ 0.049 (3981 + 0.006
750--830/782—830 0.993 + 0.002 0.909 + 0.031 0.887 = 0.G50 980 + 0.005
Deoxy-Hb

675 -830/692-830 0.97% + 0.014 0.803 + 0.081 0.730 + 0.091 1795 + 0.073
678—830/750-830 0.978 + 0.006 0.824 + 0058 0510 + 0.070 1782 + 0.088
678-830/782-830 0.970 + 0,013 0.782 £ 0.059 G.575 £ 0.058 1760 + 0.090
692 830/750-830 0.972 + 0.019 0.845 + 0.052 1760 + 0.070 1779 + 0,101
692-830/782-830 0.970 + 0.017 0.825 = 0.047 0.598 + 0.084 829 x 0.054
75083782830 O.981 £ 0.008 0.824 + 0.049 0.641 £ 0.076 0.801 + 0076

Profiles after low-pass 0.8-Hz filtering were compared.
SE — standard error.

£/
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Fig. 5. Relative mean hemoglobin changes in activation periods normalized
using data in 782-nm pairing. Each sample was intrasubject averaged data
trom 6 s after onset of stimulation to end of stimulation, Error bars indicate
standard error.

The wavelength dependence of the optical path-length also
suggesis that the measurement area differs among wavelengths.
Significantly, the relative path-lengths were (1) the partial path-
length in the activation area and (2} the calculated path-length
when the concentration change for the 782-nm pair was fixed as
the standard. It was not possible to determine whether each optical
path passed through the same tissuc because the optical path

678 nm E692 nm 750 nm
B782nm [1830nm

Y
1

o
=)
.

X
\
\
\
N

3N

o
-
!

Relative path-length (L)
[t [~}
o8 [=:]

T

O

Area
(F: Frontal, O: Occipital, P: Parietal, T. Temporal)

Fig. 6. Refative optical path-length {L} calculated for each block for sach
subject and arsa and then averaged for each arca. Error bars indicate
standard errar.

depends on absorption and scattering not only in the ccrebral
cortex but also n the skin, muscle, skull, and so on. However, the
similar shape time courses shown in Fig, 4 and Table 2 demon-
strate that every wavelength could be used to measure the same
area and that differences in the signal amplitude are duc to
differences in the path-length. A simulation study examining the
dependence of the optical path on the wavelength is necessary for
further discussion.

A previous study (Yamashita et al., 2001) suggested that there
is no difference in signal amplitude and a similar tendency is seen
in their graphs. Another study (Strangman et al, 2003) did not
mention any dependence of signal amplitude on wavclength pair.

Noise levels in Hb change

The noise levels normalized by the noise amplitude in the 782-
nm pairing are shown in Fig. 7 for the four wavelength pairs and
four areas. The wavelength pairs using 678, 692, and 750 nm
generally produced less noise for both oxy- and deoxy-Hb in every
area. An analysis of variance (ANOVA, wavelength pairs * areas)
was used to test the dependence of the wavelength pairs on Hb
noise. It showed a significant main effect of wavelength pairs [oxy-
Hb: F(3,48) = 3.36, P < 0.05, deoxy-Hb: F(3,48) = 21.90, P < 0.
D001]. Post hoe tests (Fisher’s PLSD) revealed differences between
the 678- and the 782-nm pairings (oxy-Hb: P < 0.01, deoxy-Hb:
P < 0.01) and between the 692- and 782-nm pairings {oxy-Hb: P <

678-nm pair B 692-nm pair
750-nm pair M 782-nm pair
-Hb
1.2 Oxy
— 1.01
2 ]
@
o 081
@
2 061
@O
>
T 0.4
&
0.2 o
0 i
F 0 P T
Deoxy-Hb

Relative noise level

F O P T
Area
(F: Frontat, O: Occipital, P; Parietal, T: Temporal)

Fig. 7. Relative noisc level of oxy- and deoxy-Hb. Noise level was standard
deviation in rest perod normalized by standard deviation in 732-nm
pairing, Levels were caleulated for each subject, then aversged among
subjects. Eiror bars indicate standard error.
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Theoretical hoise amplitude
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Fig. 8. Scattering diagram of theoretical aoise amplitude (horizontal axis) and experimental noise amplitede (vertical axis). F = frontal aren, O = occipital area,

P = parietal area, and T — temporal area,

0.03, deoxy-Hb: P < 0.01). Although a significant main effect of
area was shown in the ANOVA [oxy-Hb: F(3,48) = 17.00, P <
0.001, deoxy-Hb: F(3,48) = 2.80, P < 0.05], the interaction
hetween wavelength pair and arca was not sipmficant. These
results suggest that the noise levels in the 678- and 692-nm
pairings were lower than those in the 782-nm paining regardless
of area and subject. The dependence of the noise level on the area
was probably due to the difference in transparency between areas,
as previously mentioned.

The experimentally obtained noise levels comesponded to
those derived from theory (Egs. (4) and (5)), as shown in Fig. 8.

[ 678-nm pair [ 692-nm pair
[ 750-nm pair B 732-nm pair
Oxy-Hb
£ 201
=)
=4
o
% 1.5
z
Z 1.0
0
o ]
= ]
E 0.5:
z
o]

- N N
=1 (4} a
s L

Relative S/N (Wavelength)
o
o

F (0] P T
Area
(F: Frontal, ©: Occipital, P: Parietal, T: Temporat)

Fig. 9. Relative signal-to-noise ratic for wavelength pairs normalized using
data in 782-nm pairing. Error bars indicate standard crror.

The experimental and theoretical noise levels showed signifi-
cantly high correlation coefficients {oxy-Hb: 0.99, P < 0.0001,
deoxy-Hb: 0.99, P < 0.0001), indicating that the noise levels
were property assessed. Consequently, these results suggest that
using a shorter wavelength reduces noise levels in most Hb
measurements.

Signal-to-noise ratio

The relative S/N levels nomalized using those in the 780-nm
pairing are shown in Fig. 9. In most areas, using 678 or 692 nm
with 830 nm produced the highest SN. An ANOVA {wavelength-
pairs X areas) revealed a significant main effect of wavelength
pairs both for oxy-Hb [ F(3,48) = 21.90, £ < 0.001] and for deoxy-
Hb [ F(3,40) = 6.27, P < 0.005]. For oxy-Hb, post-hoc tests
(Fisher’s PLSD)) indicated a difference for every comparison (P <
0.005) except for that between the 678- and the 692-nm pairings,
suggesting that the most sensitive measurement is achieved using
the 678- or the 692-nm pairtng. In contrast, post hoc tests (Fisher’s
PLSD) for deoxy-Hb revealed a difference between the 678- and
the 692-nm panings { P < 0.05). A difference for every comparison
(P < 0.05) except for that between the 678- and the 750-nm
pairings was demonstrated in this analysis. Therefore, it can be
concluded that the 692-nm pairing provides the highest $/N for
deoxy-Hb measurements in this system.

The $/Ns for the 692-min pairing for oxy-Hb and deoxy-Hb
were approximatety 1.52 and 1.63 times higher than those for the
782-nm paiting. Thus, the 692-nm pairing provided the highest S/
N for both oxy-Hb and deoxy-Hb in our system although the emror-
propagation law predicts a higher S/N when using shorter wave-
length such as 678 nm. This suggests that the optimal wavelength
cannot be determined only by the wavelength (absorption-coeffi-
cient of Hb species}—the optical properties of the measurement
area must be considered. Note that the optimal wavelength also
depends on the system properties, such as the iradiated light
intensity and detection device. Our resulls demonstrate the practi-
cality of using around 690 nm to improve NIR measurcments for
brain functional study.

Conclusion

Wavelengths of 678, 692, 750, and 782 nm were examined for
pairing with 830 nm to improve the 5/N of NIRS for measuring
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cortical activation. Noise levels in Hb changes decreased when
using wavelengths shorter than 782 nm, as predicted by the etror-
propagation law, and the S/N was improved in most cases.
Although it has been suggested that activation-signal amplitudes
are affected by a difference in the optical path-lengths, the Hb time
courses measurcd using all wavelength pairs agreed well in each
cortical area. This suggests that this wavelength range can be used
to measurc the same cortical area. The 692-nm pairing pgenerally
provided the highest S/N both for oxy- and deoxy-Hb in this
system. Although the detected power of the transparent light at 678
and 692 nm did weaken in most cases, the cffects of the absorption
coeffivients surpassed those of the decreasing transparent light on
noise reduction for the Hb measurements. Consequently, around
690 nm is a morc optimal choice than around 780 nm for pairing
with 830 nm to measure Hb changes induced by cortical activation.
The tmproved S/N enables more sensitive stalistical analysis,
which is cssential to functional mapping with NIR topography.
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Foed and Drug Administration
0 CT 12 2004 9200 Corporate Boulevard
Rockville MD 20850

Hitachi Medical Corporation

c/o Mr. Douglas J. Thistlethwaite
Manager of Regulatory Affairs

Hitachi Medical Systems America, Inc.
1959 Summit Commerce Park
Twinsburg, Ohio 44087

Re: K042501
Trade/Device Name: ETG-4000 Optical Topography System
Regulation Number: 21 CFR 870.2700
Regulation Name: Oximeter
Regulatory Class: 11
Product Code: DQA
Dated: September 13, 2004
Received: September 14, 2004

Dear Mr. Thistlethwaite:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration.

If your device is classified (see above) into either class II (Special Controls) or class lI1 (PMA), it
may be subject to such additional controls. Existing major regulations affecting your device can
be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA’s issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act’s requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page 2 - Mr. Douglas J. Thistlethwaite -

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, permits your device
to proceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled,
"Misbranding by reference to premarket notification” (21CFR Part 807.97). You may obtain
other genera! information on your responsibilities under the Act from the Division of Small
Manufacturers, International and Consumer Assistance at its toll-free number (800) 638-2041 or
(301) 443-6597 or at its Internet address http://www.fda.gov/cdrb/dsma/dsmamain. himl

Sincerely yours,

WM%% i }gwwmf

Celia M. Witten, Ph.D., M.D.
Director
Division of General, Restorative
and Neurological Devices
Office of Device Evaluation
Center for Devices and Radiological Health

Enclosure
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510(k} Number (if known): K042501

Device Name: _ETG-4000 Optical Topography System

Indications for Use:

The intended use of the ETG-4000 is the measurement of relative lcvels of cerebral deoxy-
hemoglobin and oxyhemoglobin.

Prescription Use X AND/OR

Over-the-Counter Use
{Part 21 CFR 801 Subpart D)

(PLEASE DO NOT WRITE BELOW THIS LINE — CONTINUE ON ANOTHER PAGE IF NEEDED)

(21 CFR 801 Subpart )

Concurrence of CDRH, Office of Device Evaluation (ODE)

g C- o

(Division Sign-Off) |
Division of General, Restorative,
and Neurological Devices

510(k) Number__/0¢550/

Page l of t

>
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Food and Drug Administration
Center for Devices and
Radiolegical Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blwvd.

September 15, 2004 Rockville, Maryland 20850
HITACHI MEDICAL CORP. 510(k) Number: K042501
C/0 HITACHI MEDICAL SYSTEMS AMERICA Recelved: 14-SEP-2004
1959 SUMMIT COMMERCE PARK Product: ETG-4000 OPTICAL
TWINSBURG, OH 44087 TOPOGRAPHY SYSTEM

ATTN: DOUG THISTLEWAITE

The Food and Drug Administration (FDA), Center for Devices

and Radiological Health (CDRH), has received the Premarket Notification you
submitted in accordance with Section 510(k) of the Federal Food, Drug, and
Cosmetic Act(Act) for the above referenced product. We have assigned your
submission a unique 510(k) number that is cited above. Please refer
prominently to this 510(k) number in any future correspondence that relates
to this submission. We will notify you when the processing of your premarket
notification has been completed or if any additional information is required.
YOU MAY NOT PLACE THIS DEVICE INTCQ COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE
A LETTER FROM FDA ALLOWING YOU TO DO 50.

On May 21, 2004, FDA issued a Guidance for Industry and FDA Staff entitled,
"FDA and Industry Actions on Premarket Notification (510(k)) Submissions:
Effect on FDA Review Clock and Performance Assessment". The purpose of this
document is to assist agency staff and the device industry in understanding
how various FDA and industry actions that may be taken on 510(k)s should
affect the review clock for purposes of meeting the Medical Device User Fee
and Modernization Act. Please review this document at
http://www.fda.gov/cdrh/mdufma/guidance/1219 html.

Please remember that all correspondence concerning your submission MUST be

sent to the Document Mail Center (DMC)(HFZ-401) at the above letterhead address.
Correspondence sent to any address other than the one above will not be
considered as part of your official premarket notification submission. Also,
please note the new Blue Book Memorandum regarding Fax and E-mail Policy
entitled, "Fax and E-Mail Communication with Industry about Premarket Files
Under Review", Please refer to this guidance for information on current fax

and e-mail practices at www.fda.gov/cdrh/ode/a02-01.html,

You should be familiar with the regulatory requirements for medical device
available at Device Advice http://www.fda.gov/cdrh/devadvice/". If you have
other procedural or policy questions, or want information on how to check

on the status of your submission, please contact DSMICA at (301) 443-6597 or
its toll-free number (800) 638-2041, or at their Internet address
http://www.fda.gov/cdrh/dsmamain.html or me at (301)594-1190.

Sincerely yours,
Marjorie Shulman
Supervisory Consumer Safety Officer

Office of Device Evaluation
Center for Devices and Radiological Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Form Approved:OMB No. 0910-0511 Expiration Date:

DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
MEDICAL DEVICE USER FEE COVER SHEET

PAYMENT IDENTIFICATION NUMBE
pWrite the Payment Identification Num

A completed Cover Sheet must accompany each original application or supplement subject to fees. The following actions must be taken to
properly submit your application and fee payment:

-

Electronically submit the completed Caver Sheet to the Food and Drug Administration (FDA) before payment is sent.

2. Include a printed copy of this completed Cover Sheet with a check made payable to the Food and Drug Administration. Remember
thal the Payment identification Number must be written on the check.

3. Mail Check and Cover Sheet to the US Bank Lock Box, FDA Account, P.O. Box 956733, St. Louis, MO 63195-6733. (Note. In no
case should payment be submitfed with the application.)

4. If you prefer to send a check by a courier, the courier may deliver the check and Cover Sheet to: US Bank, Altn: Government
Lockbox 956733, 1005 Convention Plaza, St. Louis, MO 63101. (Note: This address is for courier delivery only. Contact the US
Bank at 314-418-4821 if you have any questions conceming courier delivery.)

5. For Wire Transfer Payment Pracedures, please refer to the MDUFMA Fee Payment Instructions at the following URL:
http:fiwww fda.govicdrh/mdufmalfags htmi#3a. You are responsibie for paying all fees associated with wire transfers.

6. Include a copy of the completed Cover Sheet in volume one of the application when submitting to the FDA at either the CBER or
CDRH Document Mail Center.

1. COMPANY NAME AND ADDRESS (Include name, street 2. CONTACT NAME
address, city, state, country, and post office code} DOUG THISTLETHWAITE
HITACH! MEDICAL CORPORATION 2.1 E-MAIL ADDRESS
1-1-14 UCHI-KANDA, CHIYODA-KU thistlethwaited@hitachimed.com
TOKYO, 101-0047
JAPAN 2.2 TELEPHONE NUMBER (include Area Code}

330-425-1313
1.1 EMPLOYER IDENTIFICATION NUMBER (EiN}

2.3 FACSIMILE (FAX) NUMBER (Inciude Area Code)
330-425-1410

3. TYPE OF PREMARKET APPLICATION (Select one of the follawing in each column; if you are unsure, please refer to the application
descriptions at the following web site: http:/fwww.fda.gov/oc/mdufma

Select an application type: 3.1 Select one of the types below:
W premarket notification (510(k)); except for third party reviews MOriginal Application

[ Biologics License Application (BLA)
D Premarket Approval Application (PMA)
[ Modular PMA

D Product Development Protocol (PDP)
D Premarket Report (PMR}

Supplement Types:

0 Efficacy LAY

[ panel Track (PMA, PMR, PDP)
[ real-Time (PMA, PMR, PDP)
L] 180-day (PMA, PMR, PDP)

4. ARE YOU A SMALL BUSINESS? (See the instructions for mare information on determining this status.)

D YES, | meet the small business criteria and have submitted the M NO, | am not a small business
required qualifying documents to FDA

4.1 If Yes, please enter your Small Business Decision Number:

5. 1S THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? IF SO, CHECK THE
APPLICABLE EXCEPTION.

D This application is the first PMA submitted by a qualified small D The sole purpose of the application is to support
business, including any affiliates, parents, and partner firms conditions of use for a pediatric poputation
O This biologics application is submitted under section 351 of the D The application is submitted by a state or federal
Public Health Service Act for a product licensed for further govermment entity for a device that is not to be distributed
manufacturing use only commercially

6. 1S THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUETO SOLEUSE IN A
PEDIATRIC POPULATION THAT NOW PROPCSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is
subject to the fee that applies for an original premarket approval application (PMA).)

Oves Wino

NT AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION (FOR FISCAL YEAR 2004)

5
I
hups:Mm@@dd@gwwem/mefmygmmﬁeﬂ@éwms‘@a%aﬁ#&aswﬁﬁp%@s1%9f2004p// 5 &
FOI - Page 38 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

HITACHI

HITACHI MEDICAL CORPORATION
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

SPECIAL 510(k)
Device Modification

Hitachi ETG-4000 Optical Topography System

Submitted September 13, 2004 by:

Hitachi Medical Corporation
1-1-14 Uchi-kanda, Chiyoda-ku
Tokyo 101-0047, Japan
Phone: 81-3-3294-3851
Fax: 81-3-3294-3860

For inquiries, contact:

Doug Thistlethwaite
Official Correspondent
Email: ThistlethwaiteD@hitachimed.com

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 39 of 482
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ETG-4000 System 510(k) Table of Contents

Subject Section

General Information 1
Includes:
Cover Letter (Trade name, Establishment Registration, Truth and
Accuracy Statement, Software Version, etc.)
CDRH Submission Cover Sheet
510(k) Summary of Safety and Effectiveness
Statement of Intended Use
Device Description

Includes:
Device Description

Product Specification

Declaration of Conformity with Design Controls 5

Comparison to a Predicate Device
Includes:

Predicate Comparison Table

Product Labeling 7
Includes:
Operator’s Manuals

Marketing Literature

©2004 Hitachi Medical Corporation ETG-4000 Table of Contents
Page | of 2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 6 5
FOI - Page 40 of 482
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Subject

Section

Software Documentation
Includes:
General Information, Level of Concern Statement
Software Requirements
Software Design and Development, Quality Plan

Software Validation

8

Safety Information
Includes:
Test Reports
Biocompatibility Statement
Hazard (Risk) Analysis

Performance
Includes:

Sample Data

10

©2004 Hitachi Medical Corporation ETG-4000

Table of Contents
Page 2 of 2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

FOI - Page 41 of 482
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HITACHI

HITACHI MEDICAL CORPORATION, INC.
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

September 13, 2004

Food and Drug Administration

Center for Devices and Radiological Health =
Document Mail Center (HFZ-401) .
9200 Corporate Blvd.

Rockville, MD 20850

Re:  Special 510(k) Device Modification
Hitachi ETG-4000 Optical Topography System

To Whom It May Concern:

Pursuant to the requirements of Section 510(k) of the Food, Drug, and Cosmetic Act and in
conformance with 21 CFR 807, this pre-market notification is submitted in duplicate by Hitachi
Medical Systems America, Inc. (HMSA).

The following information is supplied in accordance with 21 CFR 807.87 and FDA Device
Advice guidance on the content ofa 510(k):

Item Description

Device Name Oximeter T70.,5700
Trade/Proprietary Name ETG-4000 Optical Topography System

Common Name Oximeter

Establishment Registration | Hitachi Medical Corporation, Inc. #8030405

Classification 11 \,/

Classification panel Anesthesiology
Classification Name Sec, 870.2700 Oximeter
Product Codes DQA

Applicable Performance Laser performance standards outlined in 21 CFR 1040.10-11.
Standards/Special Controls -

©2004 Hitachi Medical Corporation ETG-4000 Cover Letter
Page 1 of 3

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 kf/
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Section A
PMA

M Original submission
1 Modular subinission
1 Amendment

0O Report

[ Report Amendment

IDE

O Original submission
O Amendiment
O Supplement

- *" CDRH SUBMISSION COVER SHEET

Date of Submission: September 13, 2004

Type of Submission

PMA Supplement

O Regular

0 Speeial

Ll Panel Track

0 30-day Supplement

0O 30-day Netice

[ 135-day Supplement

[T Real-time Review

O Amendment to
PMA Supplement

Humanitarian Device
Exemption

O Original submissicn
0O Amendment

FDA Document Number:
PDP 510(k)

O Presubmissien & Driginal submission:
surnmary [ Traditional

0O Original PDP F1 Special

O Notice of intent to O Abbreviated
start clinical trials O Additional

O Intention to submit information:
Notice of Completion O Traditional

O Notice of Completion 0 Special

O Amendment to PDP 1 sbbreviated

CI Report

Class 11 Exemption

O Original submission
O Additional
information

Evaluation of
Automatic Class L1
Designation

M Original submission

Meeting

O Pre-1DE meeting

O Pre-PMA meeting
O Pre-PDP meeting
O 180-day meeting

0O Other {specify);

Other Submission

Describe submission:

LI supplement
[ Report

O Additional
information

Section B Applicant or Sponsor

Company / Institution name:
Hitachi Medical Corporation

Establishment registration number:
8030405

Division name (if apnlicable):

Phone number (include area code):

( )

Street address:

1-1-14 Uchi-Kanda, Chiyoda-ku

FAX number (include area code):

( )

City: Tokyo 101-0047

State / Province Country: Japan

Contact name:

Contact title:

Contact e~-mail address:

Section C

Submission correspondent (if different from above)

Inc.

Company / Institution name: jachi Medical Sysiems America,

Establishment registration number: 1528028

Division name (if applicable):

Phone number (include area code):
(330 ) 425-1313

Strect address: 1959 Symmit Commerce Park

FAX number {include area code):
(330 )425-1410

City:  Twinsburg

State / Province: (4 '1"4’ 0 37 Country: {JS A

Contact name: Doug Thistlethwaite

Contact title: pranaoer of Regulatory Affairs

Contact e-mail address: thistlethwaited @hitachimed.com

Version 2.0

+

FINAL DRAFT —- May 8, 1998

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Section D1 Reason for Submission — PMA, PDP, or HDE
M New device O Change in design, component, or specification: LI Location change:
O Withdrawal 0 Software M Manufacturer
0 Additional or expanded indications C Color Additive 0 Sterilizer
Cl Licensing agreement 0 Material 0 Packager
[ Specifications O Distributor

O Process change
[l Manufactiring
O Sterilization
[F *ackaging
03 Other (specify below)

3 wsponse ta FDA correspondence:

O Request for applicant hold
O Request for removal of applicant hold LI Other (specify below) 0 Change in ownership

O Request for extension

O equest to remove or add manufacturing site

O Jther reason (specitfy):

O Other (specify below)
C Report submission:

O Labeling change: 2 Annual or periodic
O ndications O Post-approval study
O Instructions [J Adverse reaction
O Performance Characteristics M Device defect

O shelf life Cl Amendment

O Trade name

CI Change in correspondent

Section D2 Reason for Submission — IDE

O New device B Change in: [0 Response to FDA letter concerning:

[ Addivion of institution O Correspondent O Conditional approval

O I:xpansion / extensicn of study L Design O Deemed approved

2 IRB certification LI Informed consent O Deficient final report

3 Request hearing 0O Manufactrer L! Deficient progress report

O ltequest waiver LJ Manufacturing process O Deficient investigator report
3 Termination of study C Protocol - feasibility O Disapproval

U Withdrawal of application O Protocol — other O Request extension of

O Unanticipated adverse effect 0O Sponsor time to respend to FDA

O Netfication of emergency use
O Compassionate use request

O Treatment IDE

[ Continuing availability request

CC Other reason (specify):

[0 Request meeting
C Report submission:
O Current investigator
O Annual progress
O Site waiver limit reached
0 “inal

Section D3

Reason for Submission — S10(k)

O New device
O 2 dditional or expanded indications
O Other reason (specify):

O Change in technology 0O Change in materials
{2 Change in design [J Change in manufacturing process

Versten 2.0

¢z

FINAL DRAFT — May 8, 1998

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Section E Additional Information on 510(k) Submissions
Product codes of devices to which substantial equivalence is claimed: Summary of, or statement concerning, safety and
effectiveness data:
1 DQA 2 3 4 510(k) summary attached
C 510(k) statement
5 6 7 8

Information on devices to which substantial equivalence is clazmed:

510(k} Number Trade or proprietary or model name Manufacturer

1 KO11320 1 ETG-100 Optical Topography System 1 Hitachi Medical Corporation
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
Section F Product Information — Applicable to All Applications
Common ot usual name or classification name:

Oximeter
‘Trade or proprietary or model name Model number
L ETG-4000 _ 1
2 2
3 3
4 4
5 5
FDA document numbers of all prior related submissions (regardless of cutcome):
1 2 3 4 5 6
7 8 9 10 11 12
Data incfuded in submission: ,tl Laboratery testing O Animal trials 0 Human trials
Section G Product Classification — Applicable to All Applications
Product code DOA C.F.R. Section: 870).2700 Dgi;ﬁacsl:is: o Class 1

. [ Class 111 O Unclassified
Classification panel: Angsthesiology

Indications (from labeling):

The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-hemoglobin and
oxyhemoglobin.

Version 2.0 FINAL DRAFT — May 8, i998

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Ttem

Description

Labeling

Refer to Section 7.

Substantial Equivalence

We believe that the Hitachi ETG-4000 system is substantially
equivalent to the ETG-100 Optical Topography system,
identified in KO11320. The ETG-100 is currently in commercial
distribution in the U.S. We have selected this system as the
primary predicate devices for our claim of substantial
equivalence.

Refer to Section 6 for comparisons to the predicate device.

510(k) Summary

Refer to Section 2.

Address Of Manufacturing
Facility/Facilities

Hitachi Medical Corporation
1-1-14 Uchi-Kanda, Chiyoda-ku

Tokyo, Japan

List Of Attachments
Section Description
2 510(k) Summary of Safety and Effectiveness
3 Statement of Intended Use
4 Device Description
5 Declaration of Conformity with Design Controls
6 Comparison to Predicate Devices
7 Product Labeling
8 Software Information
9 Safety Information
10 Performance Information
©2004 Hitachi Medical Corporation ETG-4000 Cover Letter

Page 2 of 3

tt

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Truth And Accuracy Statement

We believe this document and the reference attachments demonstrate the substantial equivalence
of the Hitachi ETG-4000 to the predicate device, and will be sufficient for the Food and Drug
Administration to reach a decision on this submission.

I certify that, in my capacity as Official Correspondent for Hitachi Medical Corporation, 1
believe that, to the best of my knowledge, all data and information submitted in this pre-market
notification are truthful and accurate and that no material fact has been omitted.

I can be contacted as follows, if necessary. Thank you for your consideration of this submission.

Contact Information

Phone:  (330)425-1313
Fax: (330) 425-1410
Email:  thistlethwaited@hitachimed.com

DAY

~Doyg Thistlethwaite
{_Manager, Regulatory Affairs
Hitachi Medical Systems America, Inc.

©2004 Hitachi Medical Corporation ETG-4000 Cover Letter
Page 3 of 3

-

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 +5
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Note: Submission of this information does not affect the need to FDA Document Number:

submit a 2891 or 2891a Device Establishment Registration form.

Section H Manufacturing / Packaging / Sterilization Sites Relating to a Submission

O Add O Delete O30S

ﬁ Original FDA establishment registration number:

C Contract sterilizer
I Repackager / relabeler

¥ Manufacturer
O Contract manufacturer

Comnanyu / Inetitntiom name-

Hitachi Medical Corporation

Establishment registration number:
8030405

Division name (if applicable):

Phone number (include area code):

{81 ) 3-3294-3851

Street address:
1-1-14 Uchi-Kanda, Chiyoda-ku

FAX number (include area code):
(81 ) 3-3294-3860

City: Tokyo 101-0047

State / Province:

Country: Japan

Contact name:

Contact title:

Contact e-mail address:

C Add M Delete

M Original FDA establishment rewistration numher:

O Centract sterilizer
C Repackager / relabeler

™ Manufacturer
3 Contract manufacturer

Company / Institution name:

Establishment reaistration number:

Division name {if annlicable):

Phone number {include arca code):

( )

Street address:

FAX number (include area code);

( )

City:

State / Province:

Country:

Contact name:

Contact title:

Contact e-mail address:

0 Add [ Delete

™ Original FDA establishment reoistration number:

O Contract sterilizer
T Repaciager / relabeler

™ Manufaciurer
L1 Contract manufacturer

Company / Institution name:

Establishment registration number:

Division name (if applicable):

Phone number {include area code);

( )

Street address:

FAX number {include area code):

( )

Citv:

State / Province:

Cointry:

Contact name:

Contact titlc:

Contact e-mail address:

Version 2.0

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

FOI - Page 48 of 482
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Section 2

510(k) Summary

©2004 Hitachi Medical Corporation ETG-4000 Section 2
Page 1 of 4

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 U(/]
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HITACHI

HITACHI MEDICAL CORPORATION
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyc 101-0047, Japan

510(k) Summary

Submitter Information

Submitter: Hitachi Medical Corporation
1-1-14 Uchi-Kanda, Chiyvoda-ku
Tokyo 101-0047, Japan

Contact: Douglas J. Thistlethwaite
ph: (330) 425-1313
fax: (330) 425-1410

Date: September 13, 2004

Device Name

Device Name: Optical Topography Syftem o Sus 1o
Trade/Proprietary Name: ETG-4000 ge\'. cod \efPe %)( Gphy Py=T
Common Name: Oximeter
Classification Name: Oximeter
Classification Number: Sec. 870.2700

Predicate Device

Predicate Device: Hitachi ETG-100, K0O11320

©2004 Hitachi Medical Corporation ETG-4000 Section 2
Page 2 of 4

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 q ?/
FOI - Page 50 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Device Description

Function

The ETG-4000 is a device that measures relative changes in tissue concentration of oxy-
hemoglobin and deoxy-hemoglobin and total hemoglobin (proportional to the ievel of blood) in
the surface area of the cerebral cortex by beaming near-infrared light (670-1300nm) that can
penetrate the body efficiently, and is absorbed by the hemoglobin in the blood.

The ETG-4000 displays the changes of overall Hemoglobin concentration in time- course
graphs, 2D topography images and 3D topography images (motion images and still images)
based on the data from multiple point measurements.

This is a non-invasive test that is done by contacting an array of small optical fiber tips on the
surface of the scalp.

The ETG-4000 beams frequency modulated near-infrared light into the surface of the brain
through several of the optical fibers. The light passes through the scalp, skull and upper layer of
the cerebral cortex. The light is absorbed by the hemoglobin in the blood and is reflected back
and is collected by optical fibers.

The ETG-4000 measures relative changes in tissue concentration of oxy-hemoglobin and deoxy-
hemoglobin in the blood of the cerebral cortex at multiple points on the head simultaneously by
utilizing the changes of light absorption.

The ETG-4000 provides data that show the activity status of the cerebral cortex by displaying the
blood volume changes, hemodynamics in the brain surface, and the metabolic and circulatory
status of the cerebral cortex in a time-course graphic representation of oxy-hemoglobin, deoxy-
hemoglobin and total hemoglobin, 2D dynamic images and 3D dynamic images.

Device Intended Use

The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-
hemoglobin and oxyhemoglobin.

©2004 Hitachi Medical Corporation ETG-4060 Section 2
Page 3 of 4

49

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Device Technological Characteristics

The characteristics of the ETG-4000 Optical Topography System compare substantially to the
ETG-100 predicate device in materials used, technology applied, and functional methodology.
Differences do not affect safety and effectiveness of the device, intended use, or application
methods. The ETG-4000 operates in a manner that is substantially equivalent to the cleared
predicate device and represents an enhancement of the technology of the predicate.

Safety

The ETG-4000 is a non-invasive device with no moving parts. It has been designed to comply
with all applicable safety standards.

Conclusions

The ETG-4000 system has been developed and validated in accordance with design controls and
applicable standards. Testing has proven that the system is safe and effective for the indicated
use. Risk and hazard analysis shows that there are no new safety issues associated with this
systemn as compared with the predicate device.

©2004 Hitachi Medical Corporation ETG-4000 Section 2
Page 4 of 4

<O

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 52 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 3

Indications for Use

©2004 Hitachi Medical Corporation ETG-4000 Section 3
Page 1 of 2

S

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Number (if known):
Device Name: ETG-4000 Optical Topography System

Indications for Use:
The intended use of the ETG-4000 is the measurement of relative levels of cerebral deoxy-hemoglobin and

oxyhemoglobin.

(PLEASE DO NOT WRITE BELOW THIS LINE — CONTINUE ON ANOTHER PAGE IF NEEDED)
Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR Over-the-Counter Use

Section 3

©2004 Hitachi Medical Corporation ETG-4000
Page 2 of 2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Section 4

Device Description

Section Contents:
ETG-4000 SYSTEM DESCRIPTION 2

ETG-4000 PRODUCT SPECIFICATION 5

Hitachi regards the following as trade secrets and confidential in nature.

©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page | of 8

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 S 5
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ETG-4000 System Description

©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page 2 of 8
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ETG-4000 System Description

The ETG-4000 is a device that measures relative changes in tissue concentration of oxy-
hemoglobin and deoxy-hemoglobin and total hemoglobin (proportional to the level of blood)
in the surface area of the cerebral cortex by beaming near-infrared light (670-1300nm) that
can penetrate the body efficiently, and is absorbed by the hemoglobin in the blood.

The ETG-4000 displays the changes of overall Hemoglobin concentration in time- course
graphs, 2D topography images and 3D topography images (motion images and still images)
based on the data from multiple point measurements.

This is a non-invasive test that is done by contacting an array of small optical fiber tips on the
surface of the scalp.

The ETG-4000 beams frequency modulated near-infrared light into the surface of the brain
through several of the optical fibers. The light passes through the scalp, skull and upper layer
of the cerebral cortex. The light is absorbed by the hemoglobin in the blood and is reflected
back and is collected by optical fibers.

The ETG-4000 measures relative changes in tissue concentration of oxy-hemoglobin and
deoxy-hemoglobin in the blood of the cerebral cortex at multiple points on the head
simultaneously by utilizing the changes of light absorption.

The ETG-4000 provides data that show the activity status of the cerebral cortex by displaying
the blood volume changes, hemodynamics in the brain surface, and the metabolic and
circulatory status of the cerebral cortex in a time-course graphic representation of oxy-
hemoglobin, deoxy-hemoglobin and total hemoglobin, 2D dynamic images and 3D dynamic

images.
©2004 Hitachi Medical Corporation ETG-4000 Section 4
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Features of the System

1. It will display the changes of oxygenated Hemoglobin, deoxygenated Hemoglobin,
and overall Hemoglobin concentration in a time-course graphic representation of
Hemoglobin, 2D dynamic images and 3D dynamic images.

(3D wire frame Topographic image is standard, 3D Probe positioning system and 3D
MRI Composite display system are option)

2. The examiner can use it safely and repeatedly, as it is a non-invasive measurement.

3. The subject will experience no load because it is a relatively restraint-free test that
gives the examiner greater freedom of choice of the tasking or stimulation to be used.

4. Tt is small and transportablie. It can be wheeled anywhere, reducing environmental
requirements like a shield room. Its compact design allows optical topography
measurement to be taken at bedside.

Available Options

1. 3D MRI Composite Topographic image display system superimposing a optical
topography image on a 3-dimentional MRI image. (Optical Topography 3-
dimensional Display System, 3D Topographic image display system)

2. Synchronous replay of video-recorded scenes of measurement
Video-recorded data can be synchronously replayed on the analysis screen to show
how the examinee behaved or responded to load stimuli during the test. (Interface for
the video recording system)

3. Various forms of Child’s probes that can fit any subject and any region of the head.
{holders and optical fibers)

With the ETG-4000 you can choose a single probe (simultaneous 24-channels maximum
measurement) or two probes (simultaneous 52-channels maximum measurement),

A system can be upgraded from the single-probe system to the two-probe system as an
option.

System Specifications: Refer to the following pages.

Safety Parameters: Please refer to section 9.

Software: Please refer to section 8.

©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page 4 of 8

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 58 of 482

6



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

ETG-4000 Product Specification

Note to Reviewer:
The following specification is translated from the original Japanese language version.

©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page Sof 8 o
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ETG-4000 Product Specification

1) Measurement Portion
(1) Measured Itemns
Oxygenated Hemoglobin concentration change
De-oxygenated Hemoglobin concentration change  x

_ Total Hemoglobin concentration change J 3 P/}
(2) Light source A
Semiconductor Laser i N

2 Wavelengths (695nm=20nm. 830nm=+20nm)
Each Wavelength 18 (2 probes)
Each Wavelength 10(1probe)

Radiated Power 2.0+0.4mW(695nm)
2.04+0.4mW(830nm)
(3) Detector
Avalanche Photodiode 16 (2 probes)
8 (1 probe)
(4) Probe

A Maximum of 52 channels simultaneous measurement is possible with two
probes on the head. A Maximum of 24 channels simultaneous measurement is
also possible with a single probe.

When used in combinations, a wide array of probes expands the range of
applications as listed below,

Table. Combined use of probes

System Specifications | No.of Measurement | No.of Holders

Points 4x4 | 3x5 | 3x3 ] 3x11
Two probe 48 2

46 1 1

48 1 1

44 2

46 1 1

52 1
A single probe 24 |

22 |

24 1 I

Optical fiber: 2 probes {18 lines for transmission, 16 lines for reception)
1 probe (10 lines for transmission, 8 lines for reception)

©2004 Hitachi Medical Corporation ETG-4000 Section 4
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(5) Data Collection and Display
Data Collection from 0.1sec  Optional set is possible.
{Sampling 10points/s)
Display
® Hemoglobin time-course graph
Displays a graphic representation of changes in
oxyhemoglobin,deoxyhemoglobin and total hemoglobin separately
Hemoglobin Time-course mapped graph
Hemoglobin Time-course mapped graph(over a figure of a scalp)
2D Topography display
2D Topography display(over a figure of a scalp)
3D wire frame Topography display
3D MRI Composite display(option)
*) Motion images and still images are
available for Topography display

2) Probe Portion
(1) 3%3 holder
(2) 4x4 holder
{3) 3x5 holder
{4) 3x11holder(Zprobe exclusively)
(5) Optical Fiber

3) Computer
(1) Main Unit (CPU) CPU:Intel*Pentium®™4 processor 1.5GHz or greater
256MB or greater RAM, 30GB or greater HD
(2) Operating System Microsoft® Windows 2000 SP3 or later edition
(3) Application Software Optical Topography system software
(4) Magneto- Optical disk drive (MO disk) Compatible with 2.3GB media
(5) Color Printer
When using the computer, read the instruction manual pertaining to the computer
4) Measurement Mode
Two Mode Selections are possible based upon application

Mode 1 | Mode 2 | Mode 3 | Mode 4
4x4 3x5 3x3 Ix11

No.of Measurement Points | 24 22 24 52
No.of Light Sources 8 8 10 17
No.of Detectors 8 7 8 16
©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page 7 of 8
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5) Data Output for analysis and backup
(1) Hemoglobin Time-course graph
Text (txt) format: information about the subjects, Measurement Conditions,
Measurement data, Marker, external input information
(2) Topography Images still image: bmp format, motion image: avi format
(3) Video Images (option): mpeg format
(4) File for backup data: individual format

6) External channels
External analog signal input (BNC) 2 channels ( input range : 0-+5V)
External digital signal input (BNC) 4 channels (L. : OV ; H:+5V)
Digital signal output (BNC) 4 channels (L:OV ; H :+5)
Senal communication (RS232C) 2 channels
Network (LAN) 1 line { not operational during optical topography measurement)

©2004 Hitachi Medical Corporation ETG-4000 Section 4
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Section 5

Declaration of Conformity with Design Controls

©2004 Hitachi Medical Corporation ETG-4000 Section 5
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Summary of Design Control Activities

Validation/Verification Activities

The design validation/verification tests that were performed as a result of the nisk analysis

assessment are listed below:

Design Change

Test Performed

Acceptance Criteria

Laser Diodes

Laser safety

IEC — 60825-1

Software modification

See Section 8

See Section 8

Probe holder material change

Biocompatibility

See Section 9

©2004 Hitachi Medical Corporation
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Declaration of Conformity with Design Controls

Verification and Validation Activities

To the best of my knowledge, the verification and validation activities for the device design
modification, as required by the risk analysis, were performed by the designated individual(s)
and the results demonstrated that pre-determined acceptance criteria were met.

Manufacturing Facility

The Hitachi Medical Corporation manufacturing facility is in conformance with the design
control requirements specified in 21 CFR 820,30 and the records are available for review.

Name: Title:

Signature; Date:

€2004 Hitachi Medical Corporation ETG-A000 Section 3
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Section 6

Comparison to Predicate Device

©2004 Hitachi Medical Corporation ETG-4000 Section 6
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ETG-4000 Comparison to Predicate Device

Physical Characteristics: The Hitachi ETG-4000 system is similar to the predicate device in
that it combines the same basic design.

The similarities and differences between the two devices are listed in the table below. The most
significant difference noted 1s the number of available channels.

Table 1: Specification Comparison

Hitachi ETG-4000

Hitachi ETG-100

Channels_

Number of channels

24, 48 (52) channel configuration

24 channels

Vicasurerpent Tems

Change in oxyhemoglobin concentration

Same

Change in deoxyhemoglobin concentration

Same

Change in total hemoglobin concentration

Light source Same Semiconductor laser
Wavelength 695, 830nm 780, 830nm

Modulation system Same Frequency modulation, rock-in-amp system
Measurement rate Same 100ms

Number of sources 20 (2 wavelengths X 10), 36 (2 X 18) 20 (2 wavelengths X 10)

Laser Safety Class M 3A

(IEC)

Type Same Avalanche Diode

Number of detectors 8,16 8

‘Measurement
Measurement face 1,2 1
Arrangement Choose one (4x4, 3x3, 3x3), Choose one (4x4, 3x5, 3x3)

Choose two (4x4, 3x5, 3x3, 3x11)

Detected light level Same Automatic
adjustment
Number of channels 24, 48 (52 with 3x11) 24

Display.

D image

Same

Probe positioning unit,
3D Composite unit,
Wire frame display

Hb Time-course
display

Time-course display,
Mapped display,
Topography display

Time-course display,
Topography display

Data types

Measurement,
Voltage,
Hemoglobin,
Topographic image (stitl),
Topographic image (motion)

Measurement,
Voltage,
Hemoglobin,
Topographic image {still)

©2004 Hitachi Medical Corporation
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Hitach

ETG-4000

‘Probe. . .
Fiber diameter Same Incident light Tmm,
Detected light 1.5mm
Tip material Plastic Stainless steel

Tip configuration/
structure

Angle, spring installed structure

Straight, angle spring installed structure

Available

Available

Neonate type

- Electrieal
External dimensions 526x933x1470 570x1110x1310
Mass Approximately 130kg Approximately 130kg

Power source

AC 120V, 300V A or less

AC 120V, 500V A or less

1EC 60601-1. IEC 60601-1-1, |

IEC 60601-1,

Standards Applied' IEC 60825-1 1EC 60601-1-1, I[EC 60825-1
Safety Class (IEC 1 |

60601-1)

Waterproof No No

Explosion proof No No

User’s Manuals

Instruction Manual

Instruction Manual

Clinical Characteristics: The ETG-4000 and the predicate device are substantially equivalent in
clinical use. We are not aware of any significant clinical difference.

! See Section 9 for details.
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Predicate Literature

Note to reviewer:

No predicate literature was included because it would duplicate data contained in 510(k)
K011320.

©2004 Hitachi Medical Corporation ETG-4060 Section 6
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Section 7

Product Labeling
Operator’s Manuals and Marketing Literature

Manual No.

Title

Page

Operator’s Manuals

QI1E-F50242-1

System Instruction Manual

Site Planning Guide

N/A

S
None required

Marketing Literature

Not assigned

T2TG-4000 Product Brochure

210

Product Labels

N/A

IEC Tcst Report excerpt

215

' The ETG-4000 is portable and requires no special reom environment.

©2004Hitachi Medical Corporation
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Operator's Manual

Note to Reviewer:

The Operator's Manual is the initial draft for the product. It will be cdited, reviewed and
released prior to the first commercial shipment of the product.

©2004 Hitachi Medical Corporation ETG-4000
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Optical Topography System

Model ETG-4000

INSTRUCTION MANUAL
(Ver 1.0)

HITACHI MEDICAL CORPORATION

Tokyo, Japan
Q1E-FS0242-1

Copyright © Hitachi Medical Corporation. 2003. All rights reserved

/M
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Introduction

Introduction

Thank you very much for purchasing Hitachi Optical Topography System ETG-4000,

To use the system safely and correctly and also to keep functions normal for a long period of time,
it is essential to fully understand functions, operations and maintenance of the system. Carefully
read this instructien manual before use.

As for handling the personal computer and printer, read relevant instruction manuals attached to
respective devices.

Cautions in using the system safely

To use this system safely and for a long period of time, observe the following items.

(1) Be sure to supply the power to the optional position measurement unit used together with
this system from the optical topography system. At this time, be sure not to use the adaptor
plug or the like but the cable (3-core plug).

(2) Do not remove covers of the system.
(3) Do not remodel the system.
(4} Observe the following conditions in using the system:

Working temperature range: +5~+35°C

Working relative humidity: 30~85% (no condensation, no freezing)
Working atmospheric pressure: 700~1060hPa

Do not install at any location excessively humid.

Do not install where the system is exposed to steam.

Do not install where the system is exposed to water drop.

Do not ingtall in a dusty or sandy place.

Do not install where excessive oil vapor exists.

Do not install where the system is exposed to saline air,

Do not install where explosive gas exists.

Do not install where the system is subject to excessive vibration or shock.
Do not install in any place inclined more than 5°

Do not install where mains voltage drops or rises excessively.

Do not install where the system is exposed to direct sun light.

When the system is to be electrically or mechanically connected with any devices of other
company, be sure to make contact with our appointed agent or us.

The personal computer main unit is exclusive for ETG-4000. Do not install any other

software.
CAUTION >—

When any abnormality occurred in the system, immediately shut off the power.

Make contact with our appointed agent or us for the abnormality to the extent you may
find. We will dispatch our service personnel for investigation and repair.

(3) 5 QIE-F80242
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Section 1 Getting Started

Section.1 Getting Started

1.1 General

ETG-4000 utilizes absorption of near-infrared light by hemoglobin {Hb) to measure variation
of blood volume in the vicinity of cerebral surface, and displays it as a 2-D image. Only
touching the scalp with the tip of optical fiber cable allows for measurement without invasion
and burden on the patient

The optical topography system applies amplitude modulation to near-infrared hight and
irradiates the surface of living body. It measures concentration variation of oxygenated
hemoglobin and deoxygenated hemoglobin in blood within the brain at multiple points
(maximum 52 channels) simultaneously, and reconstructs an image and cinematically
displays distribution of blood volume variation and the state of metabolism and circulation in
the brain as a two-dimensional topographic image providing data that indicates brain
activity.

1.2 Features
(1) ETG-4000 has maximum 52 channels of measurement points (when utilizing an option).

(2) It displays variation of concentration of oxygenated hemoglobin, deoxygenated
hemoglobin and whole hemoglobin at the surface of cerebrum as two-dimensional
topographic eine images.

(3} Measurement is non-invasive and no burden on the patient.

(4) The patient is less restricted in measurement, and stimulation can be selected relatively
free.

{5) The system is compact so that it can be moved for measurement.
(6) Type of protection against electrical shock is Class I (JIS T1001).
(7) Degree of protection against electrical chock is BF type device (JIS T1001).

1.3 Purpose of Use

ETG-4000 allows you to keep track of cerebral activation by measuring variation of
oxygenated hemoglobin and deoxygenated hemoglobin in blood at the surface of cerebrum at
multiple points simultanecusly based on variation of light absorption. Therefore, ETG-4000
provides useful data for a wide rang of diagnosis such as estimating location of epilepsy focus,
monitoring language and kinetic functions, monitoring rehabilitation and soon. Also, itis a
mobile type allowing for bedside measurement.

Please read descriptions to use the system safely before use.

1-1 QIE-F50242
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1.4 Environmental Conditions

To use the system safely, observe the following environmental conditions.

(1) Working environmental conditions

» Ambient temperature

» Relative humidity

* Atmospheric pressure
(2) Storing conditions

¢ Ambient temperature

s Relative humidity

» Atmospheric pressure

+5 ~ +35°C
30 ~ 85% (no condensation, no freezing)
700 ~ 1060hPa

—10 ~ +40°C
10 ~ 90% (no condensation, no freezing)
700 ~ 1060hPa

1.5 Power Supply

Power supply necessary for this system is as follows.

Never use it outside this range. Or

otherwise, the system can be damaged.

(n

(2)
(3)
(4)
(5)

(6)

AC 100VE10%

Variation of the power supply of this system should be within % 10% of the rated
voltage. If using it outside the range specified, performance of the device may not be
fully utilized.

Voltage

Phase Single phase
Frequency 50/60Hz
Capacity 500VA or less

Connecting of power cable

The power cable attached to this system is a 3-core type including the protective
grounding wire. To prevent electrical shock, the power cable of this system should be
directly connected with the 3-core type outlet including the medical grounding terminal
(grounding resistance is 10Q or less). Never use the power outlet including no
medical grounding terminal.

Replacing fuses

When any fuse is blown or the circuit breaker is turned off, any serious trouble is
suspected. Stop using the system, disconnect the power cable and make contact with
our service staff,

Fuses used are compatible with those shown in the table below.

Any fuse other than rated ones may cause a trouble. Never use such fuses.

Table 1.1 Fuse used

Fuse No. Rating
F1, F2 BA/2E0V
F3, F4 SA/250V
F5, F6 2A/250V
F7,FR 1A/250V
F9, F10 5A/250V
Fuses used are rush resistant.
1-2 QIE-FS0242
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Section 1 Getting Started

1.6 Installation

When installing this system, observe the following conditions to secure the patient and
operator and to keep normal operation of the system.

{1} Environmental conditions

Use this system within the range of environmental conditions described n (1.4

Environmental Conditions)].

WARNING >

This system is not explosion proof. Never use it where explosive gas or inflammable
gas such as o1l vapor exists.

WARNING >

This system is not specified as water drop proof, watertight or environmental
resistant. Avoid use in the following environment. Or otherwise, a trouble may

result.

Where it is exposed to direct sun light
Where close to heating appliances being used such as a heater and humidifier

Where it is subject to water drop
Dusty place

(2) Power facilities

Use this system within the range of power supply
requirements described in [1.5 Power Supplyl.

{3) Site for installing the system

Be sure to install the system on a horizontal surface.

If installing it on a surface having inclination over 5°,
it can fall.

At location for installation, securely lock all of the
stoppers of four wheels.

Push the release lever {gray) located on the wheel to
release the lock.

Fig. 1.1 Stopper

(4) Space necessary for use

The main unit should not be appressed against the wall or the like. Keep more than
10cm free around it.

Select environment with less noise and vibration and less comings and goings of

persons.

1-3 QI1E-FS0242
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Section 1 Getting Started

1.7 Cautions in Handling the System

1.7.1 Handling optical fiber cable

The optical fiber cables are important parts that transmit irradiation light to the
patient and receive reflected light to conduct it to the detectors. Observe the following
cautions so as not to damage it by careless handling.

(1
(2)
(3)
(@

(5)
(6)
(7

Do not bend the optical fiber cable by curvature radius of 30mm or less.
Do not pull the optical fiber cable or place any heavy article on it.
Do not hit the fiber cable with any hard object or drop it.

Use gauze soaked with alcohol to sterilize the tip of fiber socket and probe holder
before starting measurement.

Full care should be taken not to damage the tip of fiber socket.
When not using the optical fiber cable, set it to the phantom in the system.

When attaching and detaching the optical fiber cable to/from the system, be sure to
make contact with our sales or service personnel

1.7.2 Connecting external devices

Use “BNC cable” and “R5-232C cable” attached to the system for connecting the external
devices,

< CAUTION >

Use the external devices outside the patient environment.

» The external devices used should be products approved in response to the IEC

safety standard.

1.7.3 Cautions in operating and using the system

(1

{2)

(3

(4)

When any abnormality occurred in the system, immediately stop using and shut off
the power, and then make contact with our service or sales personnel.

When not using the system for a long period of time, be sure to disconnect the power
cable from the power outlet.

Never remodel the system (both hardware and software) and optical fiber cables.

The personal computer used in this system is for measurement control, data
acquisition, data processing and data display. Mounting any general computer on
the system can cause malfunction. Do not mount such computer.

Items described in this instruction manual are subject to change without notice for
improvement.

1-4 Q1E-F50242
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Section 1 Getting Started

1.7.4 Interaction

LEITY

Never use any device emitting radio wave such as “cellular telephone”, transceiver”,
“portable radio”, “radio-controlied toys” and so on near this system.

Also, when carrying around any of them without use, be sure to shut off the power.
Radio wave emitted from any device may cause malfunction of the system or adversely
affect images.

1.7.5 Others

The personal computer main unit is exclusive for ETG-4000. Do not install any other
software.

1.8 Cautions in Relation to Laser Output

Optical intensity of laser used in the optical topography system is small enough and
measurement by this system is considered to have almost no effect on living body; however,
observe the following items.

This system is a laser product classified to Class 1M (IEC60825-1) in the safety
standards IEC60825.

Any special control is not required; however, handle it while following to <CAUTION>
and <Cautions in Using the System>.

CAUTICN
Laser beam is emitted from the tip of irradiation probe. Do not look into the beam.

Also, do not directly look the beam with an optical instrument. Order us for operation
related to laser such as replacing the optical fiber cable.

1.9 Cautions in Using the System
(1) Any person other than those certified should not use this system.

(2)  When installing the system, pay attention to the following items:
¢ Do not install the system where it is splashed with water.

o Install the system where it can operate stably while paying attention to
environmental conditions such as temperature and humidity.

¢ Care should be taken not to give vibration, shock (including transportation} and so on.

o Do not install the system where any gas due to chemicals, especially flammable gas,
is generated.

e Check if frequency, voltage and capacity of the power supply conform to specification
of the connecting device.
(3) Before using the system, observe the following items:
¢ Check if the ground connection is complete.

s Check if all cable connection is correct and complete.

1-5 QIE-FSN242
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= Pay full attention to that sharing or connecting with any other device can cause an
erroneous result or hazard.

* Check if no abnormality is found in the probes and cables.

(4)  Care should be taken for the following items while using the system.
* Constantly monitor to check if no abnormality is found in the system and patient.

* When any abnormality is found in the system and patient, take an appropriate action
such as turning the system power off to stop operation.

* Care should be taken for the patient not to touch the system.

* The probe can be damaged by shock. Care should be taken not to give shock or hurt.

(5) Pay attention to the following items after using the system.
» Turn the system power off and disconnect the power plug.
« Pay attention to the following items for storing site:
1) Keep the system where it is not splashed with water.

2) Do not store it in any site where environmental condition such as temperature
and humidity is poor or air includes salt or sulfa.

3) Do not store it in any site where gas due to chemicals is generated,
4) Pay attention to the state of stability such as vibration and shock (including
transportation).

{6) If any trouble occurred, immediately make contact with our service office and entrust
the service personnel for repair.

(7) Do not remodel the system.

(8) Maintenance inspection

¢ Be sure to conduct periodical inspection for the system and probe. Order our service
personnel for periodical inspection.

¢ When using the system not used for some period of time, be sure to check if it works
correctly and stably.

(9) Others

Follow the instruction manual to perform correct operation.

1-6 QIE-F50242
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Section 1 Getting Started

1.10 Warning Labels and Caution Labels and Their Location

The warning labels and caution labels displayed on the surface of system and their positions
are shown below

i) {dD (on the side panel)
D (on the side panel)
@
@
@
® ©
@
{on the rear @
panel)
Fig. 1.2 Positions of System Labels
@ [
@
(]
1-7 QIE-FS0242
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Section 1 Getting Started

1.11 Cautions in Applying to the Patient

1.41.1 Assistance person
When measuring a patient who has difficulty on physical strength such as grip and so on,
engage in the study with the patient assisted.

1.11.2 Application to newborn baby and infant

(2) When applying to a newborn baby or so, carefully conduct the study under
mstructions by the doctor.

(3) For the study of an infant, engage in the study with it assisted.

1-10 15 QIE-F50242
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Section 2 System Composition

2.1 Composition
(Items may differ according to configuration of the system delivered.}
(1) Main unit of optical topography system 1 set

s Optical transmitter/receiver

o Data processing unit (PC: Pentium-4, 1.5MHz, 256MB RAM, 30GB HDD or higher)
(O8: Windows 2000 SP3 or higher, MO (2.3GB) mounted)

« Display (18.17 LCD)
{2} Probe set

e Probe holder Max 3 sets
e Optical fiber cable (1Imm ¢ , 3m, with plug) Max 2 sets
(9) Ink-jet color printer 1 set

{3) Accessories

s  Hair keeper 2

s Check phantom 1 {built-in)

e Instruction manual (Main unit) 1 set

o Instruction manual {PC and so on), others 1 set
Display

Optical fiber '
cable hanger ..

Probe
See Fig. 2.2.

Main cabinet

Wheel

2

Fig. 2.1 Appearance of the System

2-1 QILE-FS0242
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Phantom

Keyboard

) Drawer

Fig. 2.2 System Control Panel
Standby switch
Laser switch
Control computer, PC
PC switch

Fig. 2.3 System Left Side View

2.7 QI1E-FSN242
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Printer
See Fig. 2.5.
See Fig. 2.6.
Fig. 2.4 System Rear View
Analog IN 1
Digital IN LAN USB

RS-232C Digital OUT Analog IN 2

Fig. 2.5 External Qutput Terminal

- QIE-FS0242
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Main switch Fuse
AC 100V
Fig. 2.6 System Bottom View (Power BOX)
2.4 19 QIE-FS0242
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Section 3 Preparation before Use

3.1 Power Operation

3.1.1 Power ON

(1) Check if the Standby switch (See Fig. 2.3) located at the center of front panel of main

unit is set to the [OFF] side, and set the breaker switch [Main Switch] (see Fig. 2.6)
at the rear panel of main unit to the [ON] side.

Standby switch Main switch

ON

OFF

Fig. 3.1 Power Switches

(2) Press the Standby switch on the front panel of main unit and check if the power lamp
is lit.

< CAUTION >

+ When the Standby switch lamp is not lit even if pressing the Standby switch, check
the power cable and breaker switch {Main Switch] again.

If the power cable is correctly connected and the breaker switch [Main Switch] is set
to the [ON] side and the Standby switch is still unlit, set the breaker switch [Main
switch] of main unit to the [OFF] side and make contact with out service or sales
personnel with the power cable disconnected.

(3) Press the PC power switch to turn it [ON]. It is located at the bottom of left side
panel viewing from the main unit console (See Fig. 2.3).

3-1 QLE-F80242
Page 23 of 225
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

FOI - Page 92 of 482

10



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 3 Preparation before Use

(4) The startup window appears on the PC screen.

Fig. 3.2 Startup Window

3.1.2 Power OFF

* Be sure to follow the steps below to shut off the power. Or otherwise, the system
performance can be degraded.

(1) Click the [POWER OFF] button at the lower right corner of window.

Fig. 3.3 [POWER OFF] Button

(2) If the shut down message is displayed on the screen, click the [OK] button. PC

power is automatically shut off. The power to electronic circuits and printer is not
shut off.

The system will be shut dowrt
OK?

Chechk No 6 )

Fig. 3.4 Shut Down Message

3-2 QIE-FS0242
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(3) Press the Standby switch (See Fig. 2.3) at the center of front panel of main unit to
shut off the entire power. Set the breaker switch (See Fig. 2.6) at the rear panel of
main unit to the [OFF] side as necessary.

3.1.3 Checking signals
Use the phantom to check if measurement operation is normal.

{1) Mount the fiber socket with correct color and number to the accessory phantom.

Fig. 3.6 Phantom Appearance 1

Fig. 3.6 Phantom Appearance 2

Protection cap

Fig. 3.7 Fiber Socket

3.3 QIE-FS0242
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NOTE: 1) When pulling out/inserting the fiber cable from/into the phantom, be sure to

(@)

(3

(4)

(5)

(6)

hold the (& part.
2) When pulling out, do not hold the optical fiber cable.

Remove the protection cap, and make the fiber socket securely contact with the
phantom surface.

Click the [Probe Set] button to display the Probe Set window.
(Operation needs to be set to Measurement.)
For the Probe Set window, see [6.3 Description on Probe Set window).

Then, after checking orientation and quantity of the probes, click the [Single] or
[Repeat] button. It will take about 12~18 seconds until the result is displayed.

(Process time may differ depending on the number of probes.)

According to intensity of the signal detected by the probe, red (Over Gain), green
{Normal Gain) or yellow (Under Gain) appears at each channel position.

Green indicates appropriate signal intensity. Red indicates signal intensity over
and yellow signal intensity under (both are not appropriate). The signal intensity
allows you to expect or judge whether sufficient accuracy could be obtained or not in
the subsequent measurement. '

Appropriate or not appropriate is an estimate, so judgment may not be applied if
condition varies during actual measurement. Also, signal intensity over cannot hurt
the measurement system.

When the result color of each channel is not green but yellow or red, reset the fiber
socket and click the [Single] button. Also, check again if the fiber socket is correctly
located and the mode is correct. Even if not all channels are green after clicking the
[Single] button several times, you can use the [Exit] button to exit the gain
adjustment and start measurement if you judge that there is no problem since poor
locations are out of the object to be studied. In such case, some sort of trouble is
suspected. Please make contact with our service or sales personnel.
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Section 3 Preparation before Use

3.1.4 Attaching the probe holder and fiber sockets

(1) To protect infection, sterilize the probe holder and so on before using for the patient.
When sterilizing, wipe it with gauze or the like soaked with ethanol.

Do not carry out sterilization or disinfection using chemicals or heating other than
ethanol.

(2) Hook the optical fiber cable protection hose to the hanger while using it.

If the tip of fiber socket contact with scalp moves during measurement is pulled by
the optical fiber cable due to body movement and so on, measurement data is affected
and a wrong result may be produced. Adjust the hanger so that all optical fiber
cables are bundled together at the optical fiber cable protection hose.

Attach the probe holder suitable for the objective mode to the patient.

Fig. 3.8 Attaching the Probe Holder

3-5 QIE-FS0242
Page 27 of 225
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 Qi (f

FOI - Page 96 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 3 Preparation before Use

Follow the procedure shown below for attaching the probe holder.
(1) Attach the fiber socket to the holder socket which number is agreed.

(2) Put on the probe holder. While adjusting balance by moving the probe holder lightly,
attach it.

At this time, press the Probe Set button to check if a signal of which channel is not
acquired, (For Probe Set, see [4.4 Probe Set Operation]).

o If there is a channel of which signal is not acquired:

Check the related fiber and use the hair pusher to push hairs in the socket aside
to expose scalp.

Fix the fiber cable with the tip of fiber probe touched with the scalp (skin).

Execute Auto Gain again.

The tip of fiber socket has a slide mechanism using a spring to be pushed to the
scalp. If pushing strength is too much, the patient can feel pain at the touched
portion as time elapsed, so do not push too hard. As a standard, the tip of fiber
socket returns 1~3 mm from its free state.

* Even if pushing the fiber socket hard, transmission of light will not become better. To
improve transmission, the accessory hair pusher needs to be used to push hair aside
completely and set the fiber socket.

3-6 95 QIE-F30242
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Section 4 Measurement Operation

Section 4 Measurement Operation

This section describes procedures of measurement operation.

Before starting the first measurement, perform [Section 3 Preparation before Usel.
4.1 Preparation to Measurement

4.1.1 Mounting probe holder and fiber sockets
(See [3.1.4 Attaching the probe holder and fiber sockets].)

4.1.2 Entering patient information
(See [6.1.1 Information display area] for details of entering patient information.)

(1) Enter patient information (name, age, ID, etc.} to the “Patient Information” field
located at the upper left of window. In entering information, Set IME to “direct
entry” and use alphanumeric characters only (including period and comma).

Fig. 4.1 Entering Patient Information

(2) Patient information is controlled by ID.

See [4.6 Saving Measurement Data) for details.

4.1 Q1E-F50242
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Section 4 Measurement Operation

4.1.3 Selecting measurement mode

(1) If Analysis is displayed on the [Operation] button, click the [Operation] button and
select Measurement.

Fig. 4.2 [Operation] Butten

(2) Click the [Operation ] button and select Stim or Event measurement.

(See the following page for Stim and Event measurement.)

T Ty p——

Measurenent

Analysiz

Fig. 4.3 [Operation] Button
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Stim measurement (Stimulation measurement)
I Intended use

It is used to analyze reaction against repeated load stimulation such as language
stimulation and kinetic stimulation.

Averaging allows you to obtain waveform with reduced noise component.

@& Outline of measurement method

Task : Period of stimulation

Mark : By setting Stim measurement parameters,
it is automatically displayed, and in Analysis
it can be added or deleted.

Measurement data

2] i
Rest Task Rest Task Rest

= Time
Task
J

Rest

/7

(Task + Task +... + Task) /Number of addition

Rest Task Rest

Fig. 4.4 OQutline of Stim Measurement

Event measurement (Event variation)
Q) Intended use

It is used for monitoring during operation or of self-seizure. By entering Event
when any information arises such as administration of pharmaceutical or
movement of the patient, meaning of signals can be recognized in analysis giving
hint.

@ OQutline of measurement method

Measurement dala Event Event Event

A

—— Measurement starls

= R ey

P Time

Fig. 4.5 Outline of Event Measurement
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4.2 Setting Parameters

4.2.1 Setting Stim measurement parameters

(For details, see [6.2.1 Stim measurement parameters].)

Click the [Parameter Set] button of main screen to display the Parameter Set window.

(

(2)
(3

(4)

Fig. 4.6 Stim Parameter Set Window

Set the default measurement time to acquire measurement data and interval of
acquisition.

Set the waiting time to starting measurement and the total measurement time.

Set methods of entering stimulation mark, type, stimulation time, interval between
stimulations.

Set the stimulation sequence and repetition time.

* These parameter settings can be saved and loaded.

(For details, see [6.2.1 Stim measurement parameters]).

_ QLE-FS0242
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Section 4 Measurement Operation

4.2.2 Setting Event measurement parameters
(For details, see [6.2.2 Event measurement parameters].)

Click the [Parameter Set] button on the main screen to display the Parameter Set
window.

Then select the Event Measurement tab and set parameters for Event measurement.

Fig. 4.7 Event Parameter Set Window

(1) Set the default measurement time to acquire measurement data and interval of
acquisition.

(2) Set the waiting time to starting measurement and total measurement time.

{3) Set methods of entering stimulation mark, type, stimulation time, interval between
stimulations.

(4) Set the stimulation sequence and repetition time.

* These parameter settings can be saved and loaded.

(For details, see [6.2.2 Event measurement parameters].)

4-5 QIE-F50242
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Section 4 Measurement Operation

4.3 Setting Display Parameters
Set display parameters for measurement data to be displayed during measurement.

(1) [Display] button (For details, see [6.1.4 Display related operation area] )
{(a) Select the Hb type to be displayed.
{b) Select each data to be displayed.
(¢) The status of measurement channel signal can be displayed on a separate window.
NOTE: During measurement, only “AD Status” can be selected (See [6.5.6].)

While executing measurement, the AD Status window cannot be moved and
the size of window cannot be changed.

(d) On the separate window, Realtime Integral processed data can be displayed. (For
details, see [6.6].)

(During Analysis, the Realtime Integral is not displayed.)

7

dstieg Do e

/
Fig. 4.8 DISP Button

This part flashes during
measurement to display the
status of signals.

Green : Normal
Yellow : Under Gain

Red : Qver Gain
Gray : OFF
Fig. 4.9 AD Status Window
- Q1E-FS0242
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Hb Time Course Window Hb Mapping Window

Hb Mapping On Head Window

Fig. 4.10 Realtime Integral Window
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{2)  Selecting time unit (displayed on the left side of main screen)
(For details, see [6.1.1 Information display areal.)
{a) Select the time unit to be displayed. [s], [min], [h:min:s], [time].

Time unit can be changed even during measurement.

Fig. 4.11 Setting Time Unit

(3) Selecting time axis {displayed on the left side of main screen)
(For details, see [6.1.1 Information display area).)
(a) Set the time axis to be displayed.

This cannot be changed during measurement.

Fig. 4.12 Setting Time Axis
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4.4 Probe Set Operation
(For details of the probe set window, see [6.3 Description on Probe Set window].)
Click the [Probe Set] button of the main screen to display the probe set window.

Set the number, layout and orientation of the probe unit here.

Tig. 4.13 Probe Set Window

(1) One of probe unit settings already registered can be selected.

* If it is saved after completing probe unit setting, data is only loaded next time for
convenience,

Enter the name in the field A and click the [Save] button to register the setting.
Maximum number of settings that can be saved is 10.

{2) Set the number of probe units to be used.
When data has been saved in (1), proceed to the next step.

(3) Use the mouse drag to set position of the probe unit.

- QIE-FS0242
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Section 4 Measurement Operation

(4) Adjust Auto Gain and confirm it.

Repeat button

Single button
2)

Laser Power display
4)

Adjustment result display
5)

Fig. 4.14 Probe Set Window

1) Set Laser ON/OFF. When performing the Auto Gain process, set Laser ON,

LASER ON LASER OFF

LASER ON

Light green Light vellow
Fig. 4.15 Laser Button

2) The Auto Gain process can be performed once ([Singlel button) or repeated ([Repeat]
button).
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Confirm that the Auto Gain of all probe units has been completed.
¢ Use the [Single] button usually for one time Auto Gain.

¢ The [Repeat] button repeats execution of the Auto Gain and adjustment result
display until clicking the [Stop] button. Use this button for repeated check when
adjusting mount of the fiber sockets.

Stopping measurement is only allowed when judging the Auto Gain is completed.
Stop is disabled during measurement.

3) Set the target value of laser output intensity and Auto Gain of detected optical
amplifier for each probe holder.

Select from Off, Low, Normal and High.

e Default of laser output intensity is [Highl.
When there are many “Over”, set laser output to [Normal] or [Low].
When using for an infant, set laser output to [Low] or {Normal].

s Use Threshold to change gain when detecting laser light.
Default is 40%.

For Over Gain ' Raise Threshold.
For Under Gain ' Lower Threshold.

* This adjustment changes only Threshold and signal level is not changed.

4) Set laser output intensity for each channel.

Every time clicking the channel number, output intensity varies.

Fig. 4.16 Setting Laser Intensity

5)  Auto Gain result is displayed in colors.
Green' Normal, red: over gain, yellow: under gain
(Confirm that gain adjustment result of all probe holders is normal {green)).

Measurement can be performed even if some of values are not optimum, but all
optimum values may produce better result.

4-11 QIE-£50242
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4.5 Measurement Operation

4.5.1 Executing Stim measurement

Click the [READY] button to display a message of measurement ready. As soon as
becoming ready, the [READY] button turns to the [START] button,

Then click the [START] button to start Stim measurement. Measurement data is
displayed on the main screen.

Fig. 4.17 Example Display of Main Screen

AD Status window can be placed on any location.

NOTE: However, this window cannot be moved or changed in its size while executing

measurement,

- QIE-F50242
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(1) Stimulation marking during measurement

(a)

(b

{c)

(d)

When marking automatically (stimulation entry is {Auto} and more than one mark
class have been selected in the Sequence field on the Parameter Setting window)

After Wait Time, stimulation sequence is executed.
Only when marking automatically, the following Next Mark is activated.
This counts down the time to the next mark.

Utilize it for informing the patient of timing of the next mark.

Fig. 4.18 Next Mark Display

When marking manually (stimulation entry is {Manual! on the Parameter Set
window.

« In Stim measurement, marking is inevitably a pair, so click the [Mark] button
when starting stimulation and click the [Mark] button again when completing
stimulation.

¢ Type and order of marking depend on entry set in the Parameter Set window.
(Stim time and Relaxation time depend on interval of clicking the [Mark] button.)
(For details of manual marking, see [6.2.1 Stim measurement parameters].)

When marking via serial communication (stimulation entry is {Serial} in the
Parameter Set window)

» Marks can be entered remotely during measurement by using the RS-232C
cable from any other PC or the like. The RS-232C port is located at the rear
panel (Fig. 2.5).

+ Mark entry order depends on communication timing from the serial command A
to J. (For details of serial communication, see [4.7 Description on External
Input (Serial, External)].)

When marking by the external input signal (stimulation entry is {External} in the
Parameter Set window.

e Marking is performed based on the external input signal.
The external input port is located on the rear panel (Fig. 2.5).

(For details of external input, see [4.7 Description on External Input (Serial,
External)].)
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(2) Click the [PAUSE] button to suspend measurement. Name of the button turns to
[UnPAUSE]. Clicking again starts the Probe Set window and conducts Auto Gain
again.

As soon as completing Auto Gain, measurement resumes automatically.

(For details of Auto Gain, see [6.3 Description on Probe Set Window].)

- UnPAUSE |

Fig. 419 When Measurement is Suspended

(3} In the following cases, measurement stops.
(a) Clicking the ISTOP] button during measurement forces measurement to stop.

{(b) When the set measurement time (Total Time) has elapsed, measurement stops
automatically.

(c) When marking automatically, measurement stops automatically if repetition time
of stimulation is completed.

Fig. 4.20 STOP Button
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{(4) As soon as completing measurement, the [STOP) button flashes. Click the [STOP]
button. This boots the File Manger window.

Note that measurement data is not saved automatically here.
Click the [Save] or [Save As] button to save data.

To save data, check if patient information entry (see 4.1.2) is correct. If any
correction is needed, click [EXIT] to close the [File Manager] window and reenter
patient information. Then click the [Save] or [Save As] button on [File Manager] of
[Operation].

(For details of file handling, see [6.4 File Related Operation].

If the measurement data (for test and so on) needs no saving, click [Exit] to close the
window. Measurement data at this time 1s not saved.

4-15 QIE-FS0242
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4.5.2 Running Event measurement

Clicking the [READY]} button displays a message for measurement preparation. As soon
as completing preparation, the [[READY] button turns to [START] button.

Then, clicking the [START] button starts Event measurement and displays measurement
data on the main screen.

Fig. 4.21 Example Display of Main Screen

Window layout may be freely determined according to setting.

NOTE: However, the window cannot be moved and changed in size while executing
measurement,
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(1) Stimulation marking during measurement

(a)

(b)

(@

(@

When marking automatically (stimulation entry is {Autof on the Parameter Set
window and more than one mark class have been selected in the Sequence field)

After Wait Time, the stimulation sequence is automatically executed.

When marking manually (Mark In {Stimulation entry} is [Manual] in the
Parameter Set window)

Marking is independent of one by one, and pressing any function key {F1~F9) in
the timing when stimulation occurs allows the position where stimulation
occurred to be marked.

(For details of manual marking, see [6.2.2 Event measurement parameters].)

When marking via serial communication {Stimulation entry is {Senial! in the
Parameter Set window)

s Marks can be remotely entered by using the RS-232C cable from any other PC
during measurement. The RS-232C port is located at the rear of cabinet (Fig.
2.5).

e Order to enter marks follows timing of the serial communication command A to

J.

(For details of serial communication, see {4.7 Description on External Input (Serial,
External)l.)

When marking by the external input signal (Stimulation entry is {External; in the
Parameter Set window)

s Marking is performed based on the external input signal.
The external input port is located at the rear of cabinet (Fig. 2.5).

{(For details of external input, see [4.7 Description on External Input (Serial,
External}].)
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Section 4 Measurement Operation

(2) Clicking the [PAUSE] button sugpends measurement and the button name turns to
[UnPAUSEI.

Clicking once more starts the Probe Set window and measures Auto Gain again.
As soon as completing Auto Gain, measurement resumes automatically.

{For details of Auto Gain, see [6.3 Description on Probe Set Window.)

Fig. 422 When Pausing Measurement

(3) Measurement stops in the following cases.
(a) Clicking the [STOP] button forces measurement to stop.

(b) If the set measurement time (Total Time) elapses, measurement stops
automatically.

{c}  When marking automatically, measurement stops automatically if the stimulation
repetition time is completed.,

Fig. 423 STOP Button

- QIE-FS0242
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(4) When measurement is completed, the [STOP] button flashes. Click the [STOP]

button.

This boots the [File Manager] window automatically.

Note that measurement data is not saved automatically here.

Click the [Save] or [Save As] button to save data.

Before saving data, check if entries of patient information are correct (see 4. 1.2).

If any correction is needed, use [EXIT] to close the [File Manager| window and
reenter patient information. Then click the [Save] or [Save As] button from [File
Manager] of [Operation] to save data.

(For details of file handling, see [6.4 File Related Operation].)

If the measurement data (for test and so on) needs no saving, click [Exit] to close the
window. Measurement data at this time is not saved.
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Section 4 Measurement Operation

4.6 Saving Measurement Data
(For details of file handling, see [6.4 File Related Operation].)

Select [File Manager] from menu of the [Operation] button to display the File Manager
window.

* When completing measurement, [File Manage] appears automatically.
Measurement data is not saved automatically, so follow the steps below.

(However, if the measurement data {for test and so on) needs no saving, click [Exit] to close
the window. Measurement data at this time is not saved. When loading another data or
perform another measurement, confirmation message appears.)

1358 Lovwenior
SR TP | owmiaten 1l 4 eveemsal
rEiDares TI7 S SRR 160 themean
REELIBAMS 1 HIE POATARTIE Y M (3)

Fig. 424 File Manager Window
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(1

(2)

When the following warning message is displayed, click the [Addition] button to register
patient data.

R 3 T

an't fird the current subject [D
Plase refer to the manual.

-Waming MNo.2 »

Fig. 4.25 Warning for Unregistered ID

If patient ID has not been entered, the [Addition] button is disabled. In such case, exit
the File Manager once and then enter patient information (name, age, ID, etc.) into
“Patient Information” at the upper left of main screen. After entering patient
information, select [File Manager] from menu of [Operation] button.

If patient ID is registered, the [Save] button is enabled.

Clicking the [Save] button displays the data save confirmation window.

Fig. 4.26 Saving File

(a) Age of the patient when measured can be changed.
(b) Comment for measurement can be changed.
() When saving data, click the [OK] button.

{d) When canceling data saving, click the [Cancel] button.
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(3) When completing saving, the following appears and information on measurement data
saved is displayed. Correctness of data information saved can be checked.

@

@ @ @ ® ® Q ®9 ®

BL

@

2003701708 18:99 2003701708 10:41 Gripping 4x4 4x4 Continuous X X
2003701708 18:43 Z002/0%/08 12:44 Gripping 4x4 4Ax& Continuous Stim X X o2
200%/01/08 18:45 2003/01/08 18:47 Gripping x4 4x4 Continuous Stim X X 2003
2603/01/08 18:66 200:3/01/09 18:50 Gtippine 4 x4 dx4 Continuous Stim X X o004
2002701708 19:06 2003/81/08 19:09. Gripping 4x4 4x4 Continucue Stim X X 00eE
2003/01 /08 19:06 2003/01/14 11:40 Gripping 4x4 4x4& Continungs Stim X X Ll
2003/01/08 10:06 2003/01/14 11:40 OGripping 4x4 4x4 Conlinvews Sum X X o067
2003/01/08 19:06 2083/01/16 13:35 Gripping 424 Ax4 Continueus Stim X X 0008
2003/01/08 19:08 2003/01/27 00:36 Gripping 4x4 4x4 Continvour Stim X M o0a9
20B3/01/G8 19:056 2002/03/D3 1D0:33 Gripping 4x4 4x4 Continuoue Stim X X o0tD
f 2003/01 /08 1206 2003/03/02 10 93 Grippme d x4 4xd  Continuunes Skim XX ALIAR

SNCHONCESEONONONEN TS

Fig. 4.27 Measurement Data

Displays date and time when measured.

Displays date and time when saving measurement and analysis.

Displays comment.

Displays the shape of probe 1 (Shape of probe: 3X 3, 4X4, 3X5)

Displays the shape of probe 2 (Shape of probe: 4x4, 3X5) * Only for 48CH case.
Displays type of analysis (Continuous, Integral)

Displays type of stimulation (Stim, Event)

Displays presence of 3D Space (optional) data by O .

Displays presence of Video Capture {optional) data by O x.

For measurement data exported, displays the folder to which data was exported.
Displays file No.

NOTE: Patient data is controlled by ID. Since ID and NAME are those of the same

patient in principle (one to one correspondence), the measurement data list (Fig.
4.25) has no NAME column. (However, data can be saved with the other NAME
designated by the same II).)

Therefore, when arranging a series of measurement as the same ID data,
discriminating variation for each measurement by difference of NAME is
inappropriate.

Use COMMENT to discriminate plural patients with the same TD.

Example (1) The same patient (2) Plural patients (sorted by date)

D NAME COMMENT DATE ID NAME COMMENT DATE
TARO TARC TASK1 03/07/20 | 03/07/20 — TARO TASK1 03/07/20
TARO TARO TASK?2 03/07/20 | 03/07/20 — JIRO TASK1 03/07/20
TARO TARO TASK1 03/07/21 | 03/07/20 — HANAKO TASK1 03/07/20
TARO TARO TASK3 (03/07/23 { 03/07/20 — TARO TASK2 03/07/20

(DATE is entered automatically.)
. QIE-FS0242
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4.6.1 Changing ID, Name, Sex and so on
When saving data, ID, Name, Comment, Age and Sex information can be changed.

(1) After completing measurement, click the flashing [STOP] button to start the [File
Manager] window automatically.

(2) If ID, Name, Comment, Age and Sex are to be changed after the [File Manager]
window started, click the [Exit] button to close the window.

(3) Enter ID, Name Comment, Age and Sex to be saved to the upper left of main screen
(Patient Information} on the main screen.

Fig. 4.28 Changing Name
(4) After completing [Patient Information} entry, select [File Manger] from menu of the
[Operation] button.

When starting File Manager, the following warning appears. Click the [OK] button.
If any ID exists in the File Manager, this window does not appear.

Can't find the current subject [

Fig. 4.29 Warning for Unregistered ID

(5) If the same ID has not been registered, click the [Addition} button to register ID.

If ID exists in the File Manager, this operation is not needed.

AT

Fig. 4.30 Addition Button

4-23 QIE-FS0242
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(6) When completing ID registration, click the [Save] button to save data.

At this time, the following window appears. Check ID, Name, Comment, Age and
Sex.

Click the [OK] button to save data.

Fig. 4.31 Saving File

With the status as it is the next measurement (4.1) or new data analysis (5.1} can be
performed.

i QI1E-F50242
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4.7 Description on External Input (Serial, External)

The RS-232C cable can be used to import signals from an external PC or the lick into
ETG-4000. This allows you to remotely control ETG-4000 to start/stop measurement and
enter marks.

4.7.1 Setting environment

To import signals via serial communication, be sure to perform this setting and check
connectivity.

(1) Use the RS-232C cable to connect ETG-4000 and an external PC.
Connect both ETG-4000 and external PC with COM1.
At this time check if all powers are shut off.

(2) Turn on the power to ETG-4000 and the external PC.

(3) Setting environment of the external PC

{a) From the task bar, select [Start] > [Program] > [Accessories] 2 [Communication]
= [Hyper Terminal] to start the hyper terminal.

When the hyper terminal is started, the following window appears. Enter
appropriate name and click the [OK] button. (Any icon may be selected.)

Fig. 4.32 Connection Set Window (Entering Name)

4.-25 QLE-FS0242
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(b} The following window appears. Select COM1 for the connecting method and chck
[OK].

Fig. 4.33 Connection Set Window (Selecting connection method)

{(¢) Then the following window appears. Set as shown below and click [OK].

Bit/s 1 9600
Data bit . 8B
Parity . None
Stop bit o1
Flow control  : None

Fig. 434 COM1 Set Window

4-26 QIE-FS0242
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(d) The following window appears. Click Property from the [File] button.

Fig. 4.35 Hyper Terminal Main screen

(e) The Property window appears. Set emulation to “VT100”. Click [ASCII setting]
button.

Fig. 4.36 Property Window

- QIE-FS0242
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{f) The ASCII Setting window appears. Mark the check box of “Local echo” only and
click the [OK] button.

Fig. 4.37 ASCII Set Window

(4) Setting environment for ETG-4000

Environment setting of PC built in ETG-4000 is the same as that in (3) (when
shipped). If it cannot be connected, check the setting of PC built in ETG-4000.

- QI1E-F50242
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4.7.2 Setting parameters of Serial measurement

Set parameters before starting measurement utilizing serial communication.

{(1) Clicking the |Parameter Set] button in main screen displays the Parameter set

window.

Fig. 4.38 Parameter Window (External)

(2) Select Serial settings as shown below.

COM IN

COM Port

Stop Bit
Data Bit
Panty

display changes.

. Select when inputting external signals for control. Every time clicking,
COM OUT :

Select when outputting signals from this system

: COM1
Baud Rate :
|
C 8

> None

9600

4-29 QIE-F$0242
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(3) Then click Stim measurement and change mark input method. For Event
measurement, click the Event measurement tab.

Change Mark In (shown below) to “Serial”.

Fig. 4.39 Parameter Window (Stim Measurement)

4.7.3 Using serial communication (RS-232C)

R5-232C allows measurement commands to be transmitted and received via serial
communication. Measurement command is 3-byte fixed length (command 2 bytes + CR
code) allowing the following commands to be transmitted and received. Any command
should be composed of capital letters. Transmission and reception of commands are
performed using the serial line (COM port).

Measurement can be controlled by entering the following commands on the main screen of
hyper terminal.

Table 4.1 Commands for Serial Communication

Receiving by Transmitting from
e Command
Command nam mm ETG-4000 ETG-4000
Inf start of
Start ST Starts measurement. iorms start o
measurement
Informs stop of
Stop ED Stops measurement.
measurement
Stimulation Mark | One of characters Tnserts stimulation mark Informs insertion of
1 . . .
(Stim Measure) “A"~"J" + Space stimulation mark

Inserts and displays
stimulation mark
Stimulation Mark | One of characters | “A + Space” displays “F1” | Informs insertion of
(Event Measure) | “A"~"J” + Space | “B + Space” displays “F2" | stimulation mark

§
“d + Space” displays “F10”

- QIE-FS0242
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4.7.4 Setting parameters of External measurement
Set parameters before conducting measurement utilizing External signal.

(1) Click the [Parameter Set] button of main screen to display the Parameter Set
window.

After displayed, click the External tab.

For details of setting, see [6.2.4 External parameters].

Fig. 4.40 Parameter Window

(2) Select External Input setting as shown below:
(a) Display
Select whether External Input signal flag is displayed or not.

If selected, EXT (external input signal flag) is displayed at the bottom of Hb Time
Course window.

(b) A/D Gain

Select the display range [V] of external input signal flag from the following:
1.25, 2.5, 5.0

NOTE: Sampling rate of the external input signal depends on the setting of Sampling
Period (6.2.2).

4. QIE-FS0242
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(3) Select External Trigger setting as shown below:
(a) Mark

(b

(e

@

Select valid/invalid of Stimulation setting of external input signal.
» None

Mark input by external input signal trigger is not valid,
o JM

Mark can be freely inputted following the trigger edge setting of external input
signal of {4),

For analog signal
J 18 assigned for Stim measurement and M for Event measurement without fail.

For digital signal

A~J is assigned for Stim measurement and F1~F9 and M for Event
measurement without fail.

» Sequence

Mark can be freely inputted following the trigger edge setting of external input
signal of (4); however, Stim measurement does not accept external signal
inputted within the set time of StimTime + RelaxTime and Event measurement
does not accept that inputted within the set time of RelaxTime.

Also, the order of input at this time follows Sequence (order of mark input) of
the Stim measurement tab or Event measurement tab.

Trigger channel

Select either channel to be a trigger of stimulation mark input from the following:
EXT1, EXT2

Threshold

Directly enter trigger threshold (V] of stimulation mark input or select a button.
Input range should be 0.0~5.0 [V].

Increment/decrement of the up/down button is 0.1.
Trigger

Select orientation of the edge of stimulation mark trigger. ltems to be selected
are as follows!

« Up Mark is inputted when the signal value exceeds the threshold upward
at the continuous sampling points.

¢+ Down Mark is inputted when the signal value exceeds the threshold
downward at the continuous sampling points.

(4) Digital In

Set a response to digital signal input. For details, see [6.2.4 (4) Digital In].

(5) Digital Out

Set a digital output for setting operation. For details, see [6.2.4 (5) Digital Qut].

- Q1E-FS0242
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4.8 Example of Using Mark Input

4.8.1 When repeating one type stimulation {Stim measurement)

(For two types of stimulation input, see [4.8.3 Applying two types of stimulation
alternatelyl.)

NOTE: Stim measurement does not accept any external signal inputted within the set
time of StimTime + RelaxTime, and Event measurement does not accept that of

RelaxTime.
(1) Mark input by parameter setting

Select the “Stim Measurement” tab of Parameter Set window.

Fig. 4.41 Stim Measurement Parameter Window

(M  Select a method of mark input [Auto) from Mark In.

@  Set Wait Time to 10 [s].

@ Click the [A] button of Mark Class to set it to “Sequence” shown below.
@ FEnter “Stim_A” to Name as a name of stimulation class.

(%) Set Stimulation (stimulation periodl} to 20 [sl.

® Set Relax time to 30 {s].

@) Set Repeat Count {repeating time of Sequence) to 3.

If completing entries above, marks are inputted three times in measurement.

<4+—p 4 —p< L >4 —p-< >4 —»

Wait Time  Stim Time Relax Time Stim Time Relax Time Stim Time Reidax Time
10s 20s 30s 20s 30s 20s 30s

Fig. 4.42 Mark Input Timing
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(2) External input — mark input by serial communication

@ Follow [4.7.2 Setting parameters Serial measurement] for setting.

» Select “Serial” for Mark In,

¢ Set the Serial communication as shown below:

Fig. 4.43 Setting Serial Parameters

@ Start the hyper terminal set in [4.7.1 Setting environment] from PC connected
with ETG-4000.

@ Enter [“A” + Space + Return] on the main screen of hyper terminal.

Fig. 444 Hyper Terminal Window

@ Enter @ again to end Stimulation (Odd: Start of stimulation, Even: End of
stimulation)

® When marks are to be inputted further, repeat @ and @.

If completing entries above, marks are inputted three times in measurement.

+—p 4+
Mark In Mark In Mark In Mark In Mark In Mark In
#1 #2 #3 #4 #5 #6

Fig. 445 Mark Input Timing
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(3) External input — mark input by External Input
(D) Follow [4.7.4 Setting parameters of External measurement].

¢ Select “External” for Mark In.

o Set“J” for Mark.

o Set "UP” for Trigger.

¢ Set “EXT1” for Trigger Ch.
e Set 2 [V] for Threshold.

¢ Set 5 [V] for A/D Gain.

Fig. 4.46 Setting External Parameters

With setting above, if input voltage to EXT1 becomes over 2 [V], the mark “J" 1s

inputted in measurement.
(0dd: Start of stimulation, Even: End of stimulation)

3

Mark In Mark In Mark In Mark In Mark In Mark |n
#o #2 #3 #4 #5 #5
A : : !
to |
i .{f’ ’\\ i ‘l\ é;" ‘A\ﬁ ;/_\’ n" f ;’ﬁi.% {ir’“‘w\\‘
gov g\ tweses S A 4 A
2V * i \ = : G
’ I i. ; . ? ‘\ & \\ { \
input 1 H /’\ { l o fFo . ‘ i‘
valtage q f | ! ; ‘f L‘ :
of EXT k | Vo ! g.f [ | \ | \ ] ! ; 1 i
L 1 L R /R Y A Y SR N
1‘;.,}"\ ; -.\_)‘e l\,& VJ’ h,“ }.f ! ki 1 ;J \ / .
o ot \w# L A : L ’
S
Fig. 4.47 Mark Input Timing
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(4) External input — mark input by Digital Tn
@ Follow [4.7.4 Setting parameters of External measurement].
» Select “External” folr Mark In.
» Set "A” for DIN1 of Digital In.

» Set “UP” for Trigger of DIN1 of Digital In.

Fig. 448 Setting Digital In Parameters

If there is input voltage to DIN1 with setting above, a mark “A” is inputted in
measurement.

(Off: Start of stimulation, Even: End of stimulation)

4+—Pp
Mark In Mark In Mark In Mark In Mark In Mark In
#1 #2 #3 #4 #5 #6
vV A
SV o
Input
voltage to
DIN1 of
Digital In
0

Fig. 4.49 Mark Input Timing

NOTE: 1) Input pulse width needs 100ms or more.

2) Interval from the end of mark to the mput of next mark needs 100ms or
more,

- QIE-FS0242
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4.8.2 When repeating one type stimulation (Event measurement)

(1) When marking from the system

Select “Event Measurement” tab of Parameter Set window.

Fig. 4.50 Parameter Set Window

I Select “Auto” for Mark In.

@ Set 10 [s] for Wait Time.

@ Click the

@ “A” button of Mark Class to set it to Sequence at the bottom.

& Enter “Stim_A" into Name for the stimulation class.

® Set 50 [s] for Relax time.

D Set 3 for Repeat Count (sequence repeating time).

With setting above, F1 is entered three times in measurement.

F1 F1 F1
<> < >« . >4 ,
Wait Time Relax Time Relax Time Relax Time
10s 50s 50s 50s

Fig. 4.51 Mark Input Timing

{2) External input: when marking via serial communication
@ Follow [4.7.2 Setting parameters of Serial measurement).

« Select “Serial” for Mark In.
s Set Serial as shown below.

Fig. 4.52 Parameter Set Window
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@ Start the hyper terminal set in [4.7.1 Setting environment] from PC connected
with ETG-4000.

& Enter “A” + Space + Return in the main screen of hyper terminal,

Fig. 4.53 Hyper Terminal Window

@ If marks are to be inputted further, repeat @),

With setting above, the mark “A” is inputted in measurement.

A A A
Mark in Mark In Mark In
#1 #2 #3

Fig. 4.54 Mark Input Timing

(3) External input: when marking with External Input

(D Follow [4.7.4 Setting parameters of External measurement].
* Select “External” for Mark In.
e Set “M” for Mark.
e Set “UP” for Trigger.
o Set “EXT1” for Trigger Ch.
e Set 2 [V] for Threshold.
o Set 5 [V] for A/D Gain.

Fig. 4.55 BSetting External Parameters
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If input voltage to EXT1 becomes 2 (V] or more with setting above, the mark “M” is

inputted in measurement.

(0Odd #: Start of stimulation, Even #: End of stimulation)

M M M M M M
Ma;'k In Maék In Mark In Mark In Ma’r‘k in Mari; tn
Va #i 82 #3 #4 #5 8,
P -, e .
roy N AN f'ﬁ”- LY N
o ff i 3; 1 Threshold _;ff ‘L'H Pl \"e _gf *‘E jf "\'
o f l o | \ "A"\ | \ | \
Input E l # ff"\ “k . f _ . k
voltage f ' ﬁ / : l !' !‘ : :
of EXT1 14 %1 f: . . 1 : ! J i ! 1 } ll :
i S O O T S Vo
L S V) ! : i v f TE v
\E N S i \oogo oA A v
ol il et N % S A R

Fig. 4.56 Mark Input Timing

(4) External input: when marking with Digital In
M TFollow [4.7.4 Setting parameters of External measurement].

e Select “External” for Mark In.

s Set “F1” for Digital In.
s Set “UP” for Trigger.

Fig. 4.57 Setting External Parameters

If there is input voltage to DIN1 with setting above, the mark “F1” 1s inputted in

measurement.
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F1 F1 F1 F1 F1 F1
Mark In Mark In Mark In Mark In Mark In Mark In
v #1 #2 #3 #4 #5 #6
A
AV D e N S — g —
Input
voltage to|
DIN? of
Digital In
0
Fig. 4.58 Mark Input Timing s
NOTE: 1) Tnput pulse width needs 100ms or more.
2} Interval from the end of mark to the input of next mark needs 100ms or
more.
4.8.3 When repeating two types of stimulation alternately
(1) Mark input from the system
Select “Stim Measurement” tab of parameter setting window.
Fig. 459 Setting Stim Measurement Parameters
@  Select “Auto” for Mark In.
@ Set 10 [s] for Wait Time.
@ Click the “A” and “B” buttons of Mark Class and set “Sequence” at the bottom.
@ Enter “Stim_A” and “Stim_B” respectively to Name as stimulation class names.
@ Set Stimulation (interval of stimulation) to A = 10 [s] and B = 15 [].
® Set Relax time to A =20 [s] and B = 30 [s].
@ Set Repeat Count (the number of times to repeat Sequence) to 2.
With setting above, “A” and “B” are inputted twice respectively in measurement.
B B
pd—> < > >« —
Wait Time Stim Time Relax Time  Stim Time Relax Time Stim Time  Relax Time  Stim Time Relax Time
10s 10s 20s 15s 30s 10s 20s 15s 30s
Fig. 460 Mark Input Timing
. QIE-FS0242
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(2) External input: Mark input using serial communication only
(D Follow [4.7.2 Setting parameters of Serial measurement],
* Select “Serial” for Mark In.

s Set Serial communication as shown below:

Fig. 4.61 Setting Serial Parameters

@ Start the hyper terminal set in [4.7.1 Setting environment] from PC connected
with ETG-4000.

@ In the main screen of hyper terminal, enter “A” + Space + Return, “A” + Space +
Return, “B” + Space + Return, “B” + Space + Return, “A” + Space + Return, A” +
Space + Return.

Fig. 4.62 Hyper Terminal Window

@) Repeat command entries if marks are to be inputted further.

With the above, marks “A”, “B”, “A” are inputted in measurement.

Mark In Mark In Marlk In Mark In Mark In Mark In
#1 #2 #3 #4 #5 #6

Fig. 4.63 Mark Input Timing
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(3) External input: Mark input using External Input only
D Follow [4.7.4 Setting parameters of External measurement],

e Select “External” for Mark In.

* Set “Sequence” for Mark.
Set “UP” for Trigger.

Set “EXT1"” for Trigger Ch.
Set 2 [V] for Threshold

Fig. 464 Setting External Parameters

If input voltage to EXT1 exceeds 2 [V] with setting above, marks “A” and “B” are

inputted in measurement.

Input il

. B
;ﬂ;rlﬁ( lIn MarE‘; In é
,e’mi‘ zf‘ﬁ& &
AR
Threshold J' !I I \ f
b EaRY ; ki
A |
LS
i r !

)
voltage 1‘ 'F '1
to EXT1| ° \
'E.X ;éi ‘ : \K f | 'i;' { E‘L j * iil‘ i ’f 4 !
- e Y RV A A
4] - »
S

Fig. 4656 Mark Input Timing

.42 QIE-FS0242
4 Page 70 of 225

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 \5/7
FOI - Page 139 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 4 Measurement Operation

(4) External input' Mark input using Digital In only

@ Follow [4.7.4 Setting parameters of External measurement].

¢ Select “External” of Mark In.
* Set “A” to DIN1 of Digital In.
s Set “B” to DIN2 of Digital In.
+ Set “UP” to Trigger.

Fig. 4.66 Setting External Parameters

If input voltage appears on DIN1 with the setting above, mark “A” is inputted, while
if appearing on DIN2, mark “B” is inputted.

NOTE: Both marks cannot be inputted at the same time.

(0dd: Start of stimulation, Even: End of stimulation)

DIN1 DIN2 DIN1
B
4> 4+—> <+
Mark In Mark In Mark In Mark In Mark In Mark In
v # #2 #3 #4 #5 #6
Input
voltage
to
Digital
In
0 >
s
Fig. 4.67 Mark Input Timing
NOTE: 1) Input pulse width needs 100ms or more.
2} TInterval from the end of mark to the input of next mark needs 100ms or
more.
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4.9 External Output

4.9.1 Checking external output

Using the DIGITAL Out terminal of ETG-4000 allows signals to be outputted to an
external PC and so on,

(1) Before enabling external digital output, set parameters.

Fig. 4.68 Setting External Parameters

Clicking the [Parameter Set]l button of the main screen displays the Parameter Set
window.

Chick the External tab.
For details of setting, see [6.2.4 External parameters].
(2) Select setting of External Out as shown below (when connecting with DOUT1).

» Set Mark to “A”.
o Set Trigger to “Up”.

As soon as inputting the mark A, a signal comes out to the external PC and so on.
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Section 5 Analysis Procedure

This section describes analysis procedure.
5.1 Preparation to Analysis

5.1.1 Preparation of measurement data
Click the [Operation] button on the main screen and select [File Manager].

Measurement data to be analyzed can be loaded from the file here.

Select a patient.

Select measurement data.

Fig. 5.1 File Manager Window

(1) Select any Patient ID from the [Patient Selection] list.
(2) Select measurement data from the [Measurement Data] list.

(3) Double click on the measurement data list or click the [Load] button to load the
measurement data and analyze automatically.

(Layout of the main screen is recalculated and displayed in the state of data frame
when saved.)

For details of [File Managerl, see (6.4 File Related Operation].
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5.1.2 Selecting window display
Set display parameters of analysis data to be displayed on the main screen.
(1) [DISPLAY] button
{a) Select any Hb type to be displayed (Select more than one).
(b} Select various data to be displayed (Select more than one).
(For details of the display window, see [6.1.4 Display related operation area).)
(c) Select various data to be displayed individually.
(For details of the window, see [6.5 Description on Window Display].)
While executing analysis, the window can be moved and changed in its size.

Also, Realtime Integral display options are not displayed.

Hb Mapping
Hb Mspprie O Head
Topa?D I
Tepo2D On Hoad

1 AD Stz

Fig. 5.2 DISPLAY Button

Even if changing settings such as parameters on the main screen and switching over the
display window, recalculation is not carried out. Press the [Reanalyze] button to carry
out recaleulation and redisplay.

(When changing settings by Parameter Set, the Reanalyze button needs not to be

pressed.)
. 1E-FS0242
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5.2 Hemoglobin Continuous Analysis
5.2.1 Setting analysis parameters
(1} Set the base start time and base end time of Continuous analysis.

* These parameters can be set at the left center of main screen.
* During replay, operation is disabled. Operation is available only before replay and
when suspended by the [PAUSE] button.

Fig. 5.3 Setting Mark Information

(2) Clicking the [Mark Info] button displays the Mark Information window.

2995 299g
699 7989s
1099 119.5s]

Double click on any
stimulation for the cursor
to jump to its head.

Fig. 54 Mark Information Window

(3) Tilter can be set.

Only necessary frequency components can be extracted and displayed with data
passed through the filter.

* Filter can be set at the lower left of the main screen.
* During analysis, operation is disabled. Operation is available only before
executing analysis and when suspended by the [PAUSE] button.,

Fig. 5.5 Setting Filter
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Section 5 Analysis Procedure

(4) Set time to get Moving Average
Select ant setting from OFF, 0.5, 1, 6, 10, 30 and 60 [s].

Fig. 5.6 Setting Moving Average

Data is averaged by the moving average method.

This process obtains an average from data at each time in the analysis range and in
the vicinity of it (for the time designated) and replaces data at each time with it.

This allows data to be displayed with noise suppressed.

In case of the Hb Time Course window or Topography window during Event
measurement, averaging operation is applied to data at each time and that before it.

Effect of moving average is visible when {Moving Average} = {Sampling Period} x 2.

Meoving average process

Normal
(Without averaging)

Moving average

Variation Variation

Hb concentration

variation graph W \/

t t

Fig. 5.7 Overview of Moving Average Process

* It can be set by Parameter Set.
* During analysis, operation is disabled. Operation is available only before
executing analysis and when suspended by the [PAUSE] button

5.4 QIE-FS0242
Page 76 of 225
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 1 LB

FOI - Page 145 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 5 Analysis Procedure

{(5) When setup on the main screen is completed, click the [Reanalyze] button to update
analysis settings.

Fig. 5.8 [ReAnalyze] Button

(6) Setup same as that of the main screen and further detailed setup can be carried out
on the Parameter Set window.

(Fore detailed description, see [6.2.1 Stim measurement parameters}.)

Fig. 5.9 Parameter Set Window

e Clicking the [OK] button updates Continuous analysis automatically.

The [ReAnalyze] button needs not to be clicked after operation of the Parameter
Set window.

Settings only available on the Parameter Set window

o Mark input method
¢ Sampling Period
s PreScan Time
+ Total Time
+ Body Movement
(For details, see {6.2 Description on Parameter Set Window].)
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5.2.2 Executing Continuous analysis

(2) Clicking the [STARTI button replays the result of Continuous analysis in the cine
mode on the main screen.

Fig. 5.10 Replay Screen

(1) Clicking the [Pause] button suspends and resumes analysis.

Every time clicking the button, PAUSE and UnPAUSE are replaced alternately

- UnPAUSE "}

Fig. 5.11 [PAUSE] Button

(2) Clicking the [STOP] button stops analysis.

Fig. 5.12 [STOP] Button
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(3) Setting display parameters

(a) Select Time Scale and Range to display results (at the left center of main screen)
HbMax, HbMin: Set the vertical range of Hb graph.
Time: Select the horizontal range of Hb graph.
(For details, [6.1.1 Information display area).)

(b) Select Display Speed and Interval (at the lower left of main screen)
Speed: Set display speed.
Interval: Set interval to thin.
{For details, see {6.1.1 Information display area).)

* [View Parameter] can be operated, but [Animation] cannot be operated during
execution of analysis. It is operable only before execution of analysis and while
suspended by the [PAUSE!] button.

{b)
Fig. 5.13 Setting Graph Display
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5.3 Hemoglobin Integral Analysis

5.3.1 Setting analysis parameters

(1) Set the rest time before stimulation (Pre time), stimulation time (Stimulation time),
recovery time after stimulation (Recovery time) and rest time after stimulation (Post
time).

* These parameters can be set at the left center of main screen.

* Operation is not available during replay. It is available only before replay and
while suspended by the [PAUSE] button.

Fig. 5.14 Setting Mark Information

(2) Clicking the [Mark Info] button displays the Mark Information window.

299s 399s
(090s 79.0g
L] | ] <

Double click an any
stimulation for the cursor
to jump to its head.

Fig. 5.15 Mark Information Window

(3) Filter can be set. (For details, see [5.2.1 (3)].)
(4) Set Moving Average ([s]).
(For details of moving average, see [5.2.1 (4)].)
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(5) Upon completing setup on the main screen, click the [ReAnalyze] button to update
analysis setup.

* If this operation is omitted, analysis setup changed is not reflected.

(6) Setup same as that of the main screen and further detailed setup can be carried out
on the Parameter Set window.

(For details, see [6.2.1 Stim measurement parameters).)

Clicking the [Parameter Set] button on the main screen displays the Parameter Set
window.

Then select the Stim Measurement or Event Measurement tab to set analysis
parameters.

Fig. 5.16 Parameter Set Window

+ Clicking the [OK] button carries out Integral analysis automatically.
The [ReAnalyze] button needs not to be clicked.
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5.3.2 Executing Integral analysis

(4} Click the [STARTI button to replay the result of Integral analysis in the cine mode on
the main screen,

Fig. 5.17 Replay Screen

(2) Clicking the [Pause] button suspends and resumes analysis.

Every time clicking the button, PAUSE and UnPAUSE are replaced alternately.

U_nP_al;iLl'Si ;

Fig. 5.19 {STOP] Button
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(4) Display setup

(a) Select Time Scale and Range to display results (at the left center of main screen)
HbMax, HbMin: Set the vertical range of Hb graph.
Time: Select the horizontal range of Hb graph.
(For details, [6.1.1 Information display areal.

(b) Select Display Speed and Interval {at the lower left of main screen)
Speed: Set display speed.
Interval: Set interval to thin.
(For details, see [6.1.1 Information display areal.)

* [View parameter] can be operated, but [Animation] cannot be operated during
execution of analysis. It is operable only before execution of analysis and while
suspended by the [PAUSE] button.

(b)
Fig. 5.20 Setting Graph Display
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5.4 Mark Edit Analysis

For analysis, stimulation marking can be freely edited (moved, inserted and deleted).

In the following cases, edit marking.

(a) When marking has been set by mistake.

(b) When data of any section needs to be deleted from Integral analysis since body

movement or any other noise occurred.

{c} When unnecessary last mark needs to be deleted, since measurement has been

terminated in the halfway.

5.4.1 Table of mouse right button click menu

The mouse button right click menu when editing marking are shown in the table below.

* Position to click on with the mouse right button and menu

Table 5.1 Mouse Right Button Click Menu

Frame Menu in graph Remarks

Hb Time Course Mark Edit Mode In the measurement mode and
Data Cut Mode Integral analysis, “Mark Edit
Time Adjust Mode | Mode”, “Data Cut Mode” and “Time

Adjust Mede” are made invalid.

Hb Mapping — —

Hb Mapping On Head — —

Topo 2D — —

Topo 2D On Head — —

AD Status — —

When no measurement data exits, “Mark Edit Mode”, “Data Cut Mode” and “Time Adjust

Mode” are invalid.

5-12
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5.4.2 Editing marks
(1) Starting edit mode

In Continuous analysis, place the pointer on the graph in Hb Time Course screen and
right click to display the menu. Select Mark Edit Mode. “Mark Edit Mode” 1s
displayed at the left center of window (In Integral analysis, mark edit is unavailable).

Hb Time Course screen Right click to

display the menu,

Fig. 5.21 Mark Edit Mode
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(2)

Marking

Marking operation in the Mark Edit Mode is shown below.

(a) Selecting a mark to be edited

Step Entry operation Screen digplay Remarks
1 Use the pointer to select a | Color of the mark selected turns to
mark and left click on it. red,
B - v
f. }
h N ¥
(b) Deselecting a mark
Step Entry operation Screen display Remarks
1 From the right click menu, This is valid
select Cancel. when the
mark is being
selected.
(c) Deleting a mark
Step Entry operation Screen display Remarks
1 Use the pointer to select the | Color of the mark selected turns to
mark to be deleted, and | red.
then left click on it.
2 Select Delete from the right
click menu.
5-14 QIE-FS0242
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(d) Moving a mark

Step Entry operation Screen display Remarks

1 Use the pointer to select a Color of the mark selected turns to
mark to be moved. red. o

2 Determine the position to A red mark appears at the position to | Time is
which the mark is to be which the mark is to be moved. displayed.
moved and left click on it. - i

3 Select Set from the right
click menu.

QIE-FS0242
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(e} Inserting a mark

Step Entry operation Screen display Remarks

1 Select Insert from the right
click menu.

2 Determine the position to An insert mark is displayed in red. Two marks are
which the mark is to be s romacnennd | Ingerted
inserted. automatically,

Move the
marks for
adjustment.

3 Select Set from the right
click menu.
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() Canceling edit operation

Cancels edit operation and returns to the previous state.

Step Entry operation Screen display Remarks
1 Select Undo from the right ) Returns to the
click menu. previous edit
operation.
(g) Initializing the state of mark
Restores the state of marking in measurement.
Step Entry operation Screen display Remarks

1 Select Original Mark from
the right click menu.

(3) Ending Mark Edit Mode
To end the Mark Edit Mode, Select Mark Edit End from the right click menu.

Upon ending the Mark Edit Mode, analysis is carried out according to the
stimulation marks edited.

Fig. 5.22 Edit Mode End Menu

QIE-F50242
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5.4.3 Executing analysis with edited marks

(1) Click the [START] button to replay analysis results on the main screen depending on
stimulation marks edited.

Fig. 5.23 Replay Screen

(2) Clicking the [PAUSE] button suspends and resumes replay in the cine mode.
Every time clicking the button, PAUSE and UnPAUSE is replaced alternatively.

- URPAUSE

Fig, 5.24 [PAUSE) Button

(8) Clicking the [STOP] button ends replay of analysis.

Fig. 5.25 [STOP] Button
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5.4.4 Real time display function
(1) Operation of real time display

In Continuous analysis, left clicking on the graph in the Hb Time Course screen, Hb
Mapping screen and Hb Mapping On Head screen allows for real time display and

moving the time bar.

— :
—/ \—— Time display

Fig. 5.26 Realtime Display

Time bar

(2) Changing time display
Time display can be changed by clicking the [DISPLAY] button of Measurement
Information at the left of screen.

Fig. 5.27 Time Display Menu

* In Integral analysis, real time display from the Integral analysis start position is
not available. Only relative time display is available with start of the Pretime

period as zero.
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5.4.5 Real time display adjust function
Real time to be displayed can be adjusted.
(1) Starting Adjust mode

In the Continuous analysis, right clicking on the Hb Time Course screen displays a
menu to select “Time Adjust Mode”,

At the left center of window, “Time Adjust Mode” is displayed.

(In the Integral analysis, real time cannot be adjusted.)

Right click to
display the menu

Hb Time Course screen

Fig. 528 Mark Edit Mode
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(2) Time adjust operation

The following shows operation in the Time Adjust Mode.

(a) Selecting a position to be edited

Step Entry operation Screen display Remarks
1 | Use the pointer to left click | The mark selected is displayed in red.
on the graph to be —— i
A ]
changed. . : .
(b) Selecting Set Adjust Time
Step Entry operation Screen display Remarks
1 Select Set Adjust Time Valid when the
from the right click menu. mark 1s
selected.
(b) Entering time
Step Entry operation Screen display Remarks
1 Enter any time to be
changed and click the [OX]
button.
(c) [Initializing input time
Step Entry operation Screen display Remarks
1 Select Reset from the right Initialized with
click menu. When the time
prompted, click the [OK] changed.
button
(3) Ending Adjust operation
Select Time Adjust End from the right click menu to end operation.
QIE-F$0242
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5.4.6 Data cut function
Any time zone of Hb data can be cut out.

(1} Starting the Edit mode

In the Continuous analysis, right clicking on the graph in the Hb Time Course screen
or Hb Graph screen displays a menu for selecting the Data Cut Mode. The “Data
Cut Mod” is displayed at the left center of window.

(In the Integral analysis, no data cut is allowed.)
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T
ight click to
Hb Time Course screen Right click

display the menu

Fig. 5.29 Data Cut Mode
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(2} Cut out operation

(a) Selecting start position

Edit operation in Data Cut Mode is shown below:

Step Entry operation Screen display Remarks
1 Right click on the graph
and select Set Start Point.
2 Use the pointer to select The mark selected is displayed in red
the cut start point and left | dotted line.
click it.
This is operable any
number of times.
3 Right click on the graph Determining
and select Set. the cut start
position.
5-23 QIE-FS0242
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(b) Selecting end position

Step Entry operation Screen display Remarks
1 Right click on the graph
and select Set End Point.

2 Use the pointer to select The mark selected is displayed in red | Set the end

the cut end point and left | dotted line. point at the
click it. 3 right of the
It is operable any number start point.
of times.
3 | Right click on the graph Determining
and select Set. the cut end
position.
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(c) Datacut

Step Entry operation Screen display Remarks
1 Right click on the graph
and select Cut.

2 When prompted for final
confirmation, click the
[OK] button.

Executing the
cut process.

3 When the gauge reached
the end, cut process is
completed.

(3) Ending change operation

Right click to select Data Cut End for ending operation.
(4) Saving data

Use Save to save data having been edited.

(For details, see [5.5 Saving Analysis Datal.}
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5.5 Saving Analysis Data
(For detailed description on the File Manager, see [6.4 File Related Operation].)

Selecting “File Manager” from the [Operation] button menu displays the File Manager
window.
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Fig. 5.30 File Manager Window

(1) Clicking the [Save] button displays the data save confirmation dialog.

Fig. 5.31 Data Save Confirmation Window

{a) Age of the patient when measured can be modified.
(b) Measurement comment can be modified.

{¢) To save data, click the [OK] button.

(d) To cancel saving data, click the [Cancel] button.

To modify ID, Name and Sex and save again, press [Cancel] and modify any on the main
screen. Then, in the “File Manager”, perform data saving process.

- QIE-FS0242
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(2)  Upon completing save, the following appears.

@ ® ® @@ ® © O

2003/01/08 18:38 2003, : 4 x4 x4 Contimuous X X

2002701708 18:48 2003701708 18:44 4xd x4 Continuous Stim X X

2003/01 /708 18:45 2003/01/00 18:47. dxd x4 Continwous Stim X X [I]1EEK]
2003/01/08 18:56 2008701700 10:8% 4xd x4 Contisuous Stim X X 2004
2003701708 15:06 2002/01/08 19:00 x4 x4 Continous Stim X X 0005
2002/01 /708 19:06 2003701714 11:40 dxd x4 Continuous Siim X X 151
2003/01 /68 19:06 Z003/01/14 11:40 4x4 x4 Contiruous  Stim X X nen7
2003/01/08 19:06 2003701716 13:35 x4 x4 Continwows  Stim X X 0008
2002/01 /08 19:06 2003701727 09:36 ix4 x4 Continwous Stim XN X 400%
2003701708 19:08 20483/02/03 10:33 4#x4 4x4 Conatinugus  Slim X X 8010
ZO03A00/03 19 06 2003703703 10332 Griphine A x4 x» 4 Cosbinuows 5 EE KR

Fig. 5.32 Measurement Data

Displays date and time when measured.

Displays date and time when saving measurement or analysis.
Displays description of comment.

Displays the shape of Probe 1.

Displays the shape of Probe 2.

Displays the type of analysis (Continuous, Integral)

Displays the type of stimulation (Stim, Event)

Displays whether the 3D Space (optional) data is present or not.
Displays whether Video Capture (optional) data is present or not.
Displayed the destination folder when measurement data was exported.

Displays file No.

®@ e 68066868 0

When loading any data having been saved, analysis and display settings when data was
saved will be valid.
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Section.6 Description on Main Screen

6.1 Description on Main Screen

Fig. 6.1 Main Screen
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6.1.1

Information display area

(1) Patient Information

Main Screen

1)

2)

3)

4)

5}

6)

Fig. 6.2 Patient Information

ID

Enter patient ID.

Name

Enter the patient name.

Comment

Enter any comment on measurement data, Maximum three lines
Age

Clicking on it displays the following menu. Select any item for the patient age to
be entered (Month, Week and Day are used for the age of patient such as an
infant.

Patient age

Enter patient age according to items designated in 4) Age.
Sex

Select patient sex.

¢ Male
o Female
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Section 6 Description on Main screen

(2) Time

/081
2003/03/06 09:54

2) 3)
Fig. 6.4 Time

1) Measurement Date

Date and time when clicking the [Start] button in measurement are displayed.
2) Present Time (Title)

Clicking on this displays the following dialog for changing system time.

Fig. 6.6 Time Change Window

3) Present Time (Display)

Current time is displayed.
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(3) Measurement Information

¢ Measurement mode 1) 2)

3 4)
Fig. 6.6 Measurement Information (Measurement)

» Analysis mode

5) 6)
Fig. 6.7 Measurement Information {Analysis)

1) No. (number of times)
Displays the number of mark inserting times during measurement
2) No. (Total)
Displays the number of mark inserting times only when Mark In is Auto

3} Position (Title)

44— Second unit
44— Minute unit
<4— Hour:Minute:Second unit

<— Actual time when acquiring measurement data

Fig. 6.8 Time Display Format Menu
4) Position (Time display in measurement 1)
Present measurement time with PreScan end time (Wait time start) as 0.0s.
5) Position (Time display in analysis)
Displays time where the time bar 1s located.

The time bar can be moved by entering time. Up or down of the cursor key
allows the value to be increased or decreased.

When pressing the Enter key or moving to any other focus, the time bar moves.
6) Position (Time display in measurement 2)

Displays total time of analysis data excluding PreScan
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(4) View Parameter

Fig. 6.9 View Parameter Screen

1) HbMax
2) HbMin

3)

When Hb Range is Auto [Peak to Peakl| - ALL

The maximum values in plus and minus directions are obtained among all Hb
data of all measurement channels to make them Max and Min values (range) of
all measurement channels.

When Hb Range is Auto [Peak to Peak] - Each

The maximum values in plus and minus directions are obtained by
measurement channel to make them respective Max and Min values (range),
For topographic images, these values are to be Max and Min values (range) of
respective topographic image.

When Hb Range is Auto [+/~Max] - Each

The maximum of absolute values is obtained among all Hb data of all
measurement channels to make it Max and Min (range) of all measurement
channels as both sides (=) of zero.

When Hb Range is Auto [+/-Max] - ALL

The maximum of absolute values is obtained by measurement channels to
make it respective Max and Min (range) as both sides (+) of zero. For
topographic images, these are Max and Min (range) of respective topographic
image.

When Hb Range is Manual

Max and Min values are entered to make them Max and Min values (range) of
all measurement channels. Entry range is -999.99~999.99 [mmol*mml],
Increment/decrement value of the up/down button is 0.1.

Time (Title)

Clicking on it displays the following menu and set the horizontal axis range of
graph freely. Defaultis 1 [min].

Fig. 6.10 Free Setting Horizontal Range of Graph
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(a) Indexing of Hb Time Course and AD Time Course

» When set time is 1 hour and over, it is displayed in the [h] unit.

(Ex.) When setting with 1[h] 30[min]

» When set time is 1 minute and over and under 1 hour, it is displayed in
the [min] unit.

(Ex.) When setting with 0[h] 30[min] 30[s]

e When set time is below 1 minute, it is displayed in the [s] unit.

(Ex.) When setting with 0[h] Olmin] 30[s]

« When attempting to display in respective unit, 6 scales if the maximum of
scale can be divided by 5, or 7 scales in other cases are displayed.

(Ex.) When the maximum scale can be divided by 5

4) Time (Display)

Select a horizontal width range of Hb graph.

Options are shown below:

5[s], 10[sl, 30[sl, 1[min], 2[minl, 3[min], 4[min], 5lmin], 10[min], 20[min],
30[min], 1[h], 2[h], 12{h], free horizontal range, (Full Time).

Full Time is available only in the Integral analysis.

(Range of Full Time = Pre time + Stim time + Recovery time + Post time)

01

Fig. 6.11 Selecting Horizontal Range of Graph
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5) Next Mark

This is displayved only in measurement. It is activated only when Mark is Auto,
and it counts down the time [s] to inserting the next mark.

Fig. 6.12 Next Mark

* Seroll bar

¢ Left page scroll button
This displays a range that current display range — (TimeScale +1) point.

+ Right page scroll button
This displays a range that current display range + (TimeScale +1) point.

¢ Left scroll button
This displays a range that current display range — 1 point. Pressing the
mouse right button (while pressing the left button) displays a range that
current display range — (TimeScale -+ 10) point.

+ Right scroll button
This displays a range that current display range + 1 point. Pressing the
mouse right button {(while pressing the left button) displays a range that
current display range + (TimeScale - 10) point.

Fig. 6,13 Scroll Bar

6.1.2 Analysis parameter area
According to contents set in the Parameter window, values of each item are displayed.
When the [ReAnalyze] button is pressed, analysis process is executed and displayed while
reflecting the value changed in the analysis parameter entry field to parameters of the
shared memory.

Fig. 6.14 ReAnalyze Button . Main screen

{1) Mark Information

O In the measurement mode

1)

Fig. 6,15 Mark Information (Measurement)
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O Continuous analysis mode

5)
Fig. 6.16 Mark Information (Continuous analysis)

O Integral analysis mode 6)

7

8) 9) 10) 11}
Fig. 6.17 Mark Information (Integral analysis)

1) Mark button

This is activated only when Mark is Manual in the Stim measurement. Clicking
on it inserts a mark in turn following to the Sequence setting..

(For Sequence, see 16.2.1 Stim measurement parameter].)
2) Base start
Set the time [s] to start base line calculation. Entry range is —32766~32767(s].

However, restriction is provided so that any value that is lower than Base End
Time and of which sign is reversed does not become higher than PreScan Time.
Increment/decrement of the up/down button is 1.

3) Base End

Set the end time [s] for base line calculation. Entry range is —32766~32767(s].
However, a restriction is provided so that it becomes higher than Base Start Time.
Increment/decrement of the up/down button is 1.

4) Mark Info
Mark information is listed as shown on the next page.

Clicking the title starts sorting. When list item is selected, the time bar is moved
to the mark start time {or Event time). Clicking the [OK] button or double
clicking any list item closes the list display. The [Cancell button closes the list
display while returning the time bar to the position before closing the dialog (the
X button at the upper right of window acts the same.
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O Stimulation measurement

Double clicking any line
enables the cursor to jump
1o the head of stimulation
clicked.

Fig. 6.18 Mark Information (Stimulation measurement}

O Even measurement

Double clicking any line
enables the cursor to jump
to the head of stimulation
clicked.

Fig. 6.19 Mark Information (Event measurement)

No. column : Displays the order to insert marks.

Class column : Displays stimulation marks. Background color is determined by
stimulation.

Name column: Displays stimulation name.

Begin column : Displays stimulation start time. Display format follows that of
Position of Measurement Information in [5.4.4 (2)].

End column : Displays stimulation end time. Display format follows that of
Position of Measurement Information in [5.4.4 (2)].

Event column: Displays event occurrence time. Display format follows that of
Position of Measurement Information in [5.4.4 (2)].

5 Time

Displays current time of the mark selected in Mark Edit Mode. Also, the spin
Button may be used to perform fine adjustment in 0.1 [s] unit.
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6) Mark
Select a mark subject to the Integral analysis.

e Stim measurement: A~dJ
* Even measurement: F1~F9, M

7) Integral analysis status display

Stimulation range is painted out in stimulation color. Also, depict the boundary
between Recovery and Post (Vertical line).

8) Pre

Set pre-stimulation time. Entry range is Sampling Period ~ 999.9 I[sl.
Increment/decrement of the up/down button is the setting of Sampling Period.

9) Stim
Displays stimulation time in the Stim measurement.

10) Recovery

Set the recovery time [sl. Entry range is Sampling Period ~ 999.9 [s].

Increment /decrement of the up/down button are the setting of Sampling Period.
11) Post

Set the post-stimulation time [s]. Entry range is Sampling Period ~ 999.9[s].

Increment/decrement of the up/down button is the setting of Sampling Pericd.

(2) TFilter

1) 2)

Fig. 6.20 Filter

1) LPF (Low pass filter, cut-off)

Set frequency [Hz] of LPF. Entry range is 0.001~4.999 [Hz] and increment
/decrement of the up/down button is 0.001.

Also, predetermined values may be selected. Options are as follows:
¢« OFF, 0.5, 1.0.2.5
2) HPF (High pass filter, cut-off)

Set frequency [Hz] of HPF. Entry range is 0.001~4.999 [Hz] and increment
/decrement of the up/down button is 0.001.

Also, predetermined values may be selected. Options are as follows:
+ OFF, 0.001,0.01,0.1
(3} Moving Average

Fig. 6.21 Moving Average
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Set moving average [s]. Options are as shown below:

« OFF

s Sampling Period * 5

* Sampling Period * 10
s Sampling Period * 50
» Sampling Period * 100
+ Sampling Period * 300
» Sampling Period * 600

Data is averaged by the moving average method.
In OFF, seconds for sampled data are displayed as they are.

This process obtains an average from data of each time and its vicinity data (for
designated time) in the analysis range and replaces data of each time with it.

This allows data with suppressed noise to be displayed.

In case of Hb Time Course screen or topography display in the Event measurement,
averaging is applied to data of each time and those for designated time before that.

Moving Average Process

OFF .
{No averaging) o Averaging
Variation Variation
Graph of Hb
concentration yoah
variation W \/

Fig. 6.22 Overview of Moving Average

(4) Realtime Integral
Set marks to perform the real-time Integral analysis.

It is valid when the real-time Integral window is displayed.

Fig. 6.23 Setting Marks for Real-time Integral Analysis

(This cannot be set in the Parameter Set window.)
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6.1.3 Continuous display parameter area

(1) Animation display parameters

Set parameters of continuous cine display in analysis.

Main screen

Fig. 6.24 Animation Parameters

1) Speed
Select the following values as a standard of replay speed.
= 1/10,1/5,1/2,1,2, 5,10

2} Interval

Set interval [s] of animation for thinned-out replay. Entry range is Sampling
Period ~ total time [s] of analysis data, and increment/decrement of the up/down
button is Sampling Period [s].

Also, predetermined values may be selected. Options are shown below:

s 1 XSampling Penod [s]

» 2XSampling Period [s]

* 5XSampling Period [s]

» 10X Sampling Period [s]
» 20X Sampling Period [s]
e 50X Sampling Period {s]
« 100X Sampling Period [s]
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6.1.4 Display related operation area
(1) [DISPLAY] button

Hb type to be displayed
Main screen
Image type displayed on Main image
display area
Fig. 6.25 [DISPLAY] button
When clicked, the following menu appears.
Oxy M
Deoxy > 1)
Total
'
Fig. 6.2.3 — Hb TimeCourze A
Fig.6.2.4 —P Hb Mappine
Fig. 6.2.5 —p» 'E . Hb Mappire On Head > 2)
Fig. 6.2.6 —p E Topo2D
Fig. 6.2.7 ~——p» E Topo2D On Head _)
i Window ] €+—3)
Realtime Integral H{ 4— 4)

Fig. 6.26 [DISPLAY] Menu

1) Display Hb type
Select any Hb type to be displayed. One or more out of three may be selected.
2} Image type to be displayed on the main image display area

Select any image type to be displayed on the main image display area. If
selection is changed, the main image is switched over.

(See Fig. 6.23 ~ Fig. 6.27.)
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Fig. 6.28 Hb Mapping Screen
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Fig. 6.29 Hb Mapping On Head Screen

Fig. 6.30 Topo 2D Screen
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Fig. 6.31 Topo 2D On Head Screen

3) Window display options
The menu is shown below:

{For details, see [6.5 Description on Window Display].)

Hb TimeGourse | @— 6.5.1
Hb Mappine 44— B85.2
Hb Mapping Cn Head j{<— 6.5.3

44— 654
Topo2D On Head “4— 655
AD Status 4— 656

Fig. 6.32 Window Display Options

4) Realtime Integral display options
The menu is shown below:

(For details, see [6.6 Description on Realtime Integral Displayl.)

e

Hb TirﬁeOourse 4—6.6.1
Hb Mappine #—6.6.2

Hb Mappine On Head 4— 663

Fig. 6.33 Window Digplay Options
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(2) [Utility] button

Use the [Utility] button only when purchasing the 3D Space (optional).

Fig. 6.34 [Utility] Button
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6.1.5 Measurement and analysis related operation area

(1) Operation button

B

Operation mode (Measurement/Analysis)

Main screen Stimulation type (Stim/Event)

or analysis type {Continuous/Integral)

Fig. 6.35 Operation Button

When clicked, the following menu is displayed.

O Measurement mode

1)

2)

3)

4)

5)

6)

Measu;ement 41“- 1) Measure ment

Analysis Analysis 4)
i’ Stim < 2) . Inteeral 5)

Event “— 3) Continuous 6)

File Manager..."""_ 7) File Manager..

File Out 3
Print...

File Qut *— 8

Fig. 6.36 Operation Button Menu

Measurement

Moves to the measurement mode.

Stim

Moves to the Stim mode.

Event

Moves to the Event mode.

Analysis

Moves to the Analysis mode. Updates the state of each item on the main screen.
Integral

Executes Integral analysis and moves to the Integral mode.
Continuous

Executes Continuous analysis and moves to the Continuous mode.
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7) File Manager
Displays the following dialog and performs file management of ETG-4000 data.
(For details, see [6.4 File Related Operation].)

¥O03/T1A08 IRA4
01 F00 1F 47

2003,
05 PN0T/01/08 %98
200401 /08 TRF
06 200301 /14 YUAR
BOGISUTFNA- VUAD
20001410 3T
2903701 /27 9998

33

= LR R R R
B e e o
36 3 St 20 055 24 % 0

Fig. 6.37 File Manager Window

8) TFile Qut

The following menu is displayed. Text File Out and Animation File Out will be
active when no measurement data exists.

(For details, see each section.)

i Text File Gut.. o 64.2
Bitmap File Out.. 44— 643
; Animation File Qut. 14— 6.4.4

Fig. 6.38 File Qut Menu

9) Print

The whole main screen is printed out,

- RIE-F50242
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(2) Parameter Set button

Fig. 6.39 [Parameter Set] Button

When clicked, the following dialog is displayed for parameter setting.
(For details, see each section number described in Fig. 6.36.)

O Whole view

Fig. 6.40 Parameter Window (Whole view)

O Upper section 6.2.5 6.2.5 6.2.5

6.2.3 6.2.4
6.2.1 Refer to 6.2.2 for Event Measurement

Fig. 6.41 Parameter Window and References (Upper section)

O Lower section

) 2) 3)
Fig. 6.42 Parameter Window (Lower Section)

6-20 QiE-F50242

Page 119 of 225 b
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 / g
FOI - Page 188 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Description on Main screen

1) Print
Prints the parameter dialog hox.

2) OK

Makes the parameter having been set valid and exits the process.
3) Cancel

Makes the parameter having been set invalid and exits the process.

(3) Probe Set button

Fig. 6.43 [Probe Set] Button

Clicking the [Probe Set] button above displays the following probe set window.

(Fro details, see [6.3 Description on Probe Set Window].)

tit

Fig. 6.44 Probe Set Window
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{4) READY, START and STOP buttons
1) [READY] button
Clicking the [READY] button prepares measurement.
When ready, this button is displayed as the [START] button shown in Fig. 6.47.
(D) Before executing Probe Set

Fig. 6.45 [READY] Button (Inactive)

@ After executing Probe Set, or after measurement (active to perform
measurement continuously)

Fig. 6.46 [READY] Button (Active)

2) [START] button
Clicking the [START] button starts measurement and analysis.

Fig. 6.47 [START] Button

3) [STOP| button
Clicking the [STOP] button stops measurement and analysis.
The [STOP] button is displayed during measurement or analysis.

Fig. 6.48 {STOP] Button

4) [PAUSE] button
Clicking the (PAUSE] button suspends measurement and analysis.

Fig. 6.49 [PAUSE] Button
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5) [UnPAUSE] button
Clicking the [UnPAUSE] button resumes measurement and analysis,

At this time, if while measurement, the Probe Set window starts and re-measure
Auto Gain. When completed, measurement resumes automatically.

Fig. 6.50 [UnPAUSE] Button

6) [Help] button

Fig. 6.51 [Help] Button

O Manual

Clicking Manual displays this instruction manual in the window.

@ Help
Since the [Help] button is not used at present, it is always inactive,

@& Version

Clicking Version displays the version information dialog.

on Information

Fig. 6,52 Version Information Window
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6.1.6 Hardware control area
(1) LASER ON/OFF button
Turns the laser output ON/OFF.

LASER ON

g

LASER OFF

LASER DN

B!

H
i

Fig. 6.63 LASER ON/OFF Button

(2) POWER OFF button
Click to end using the system.

This shuts off the power to PC automatically.

Fig. 6.54 POWER OFF Button
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6.2 Description on Parameter Set Window

The following describes each parameter set section.

6.2.1 Stim Measurement parameters

(1) {2) (3)

{4) (5) {6)

Fig. 6.55 Stim Measurement Parameter Window

(1) Stimulation
Mainly set methods to enter marks,
1) Wait Time
Set stimulation start time. Entry range is 1~999 [s].
2) Mark In
Select any type of stimulation mark. Options are as follows:

+ Auto : Automatically performs marking following the setting of
stimulation mark and mark input order.

e Manual : Use the [Mark] button to enter any type of stimulation set by A to
J of Mark Class in any timing.

At this time, the order of mark input follows the setting of 3)
Mark input order

s Serial ! Marking is carried out via sertal communication.

At this time, the order of mark input follows timing of the serial
communication command A to J.

* External @ Marking is carried out via the external input signal.
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(2)

3) Mark Class
Stimulation mark identification buttons of AtoJ. Clicking each button adds the
mark to Seguence.

4) Name
Enter any stimulation name of A to J.

5) Stimulation
Set stimulation time [s] of AtoJ. Entry range is 1~999 [s].
Increment/decrement by the up/down buttons is 1.

6) Relaxation
Set interval time between stimulations of Ato J. Entry range 1s 1~999 [s].
Increment/decrement by the up/down buttons is 1.

7} Sequence
These buttons display the order of inserting marks (10). Clicking each button
cancels the mark from Sequence.

8) Repeat Count
Set repetition time of stimulation input. Entry range is 0~99.
Increment/decrement by the up/down buttons is 1.

9) Beep ON/Beep OFF
Select the beep tone to be sounded or not when inserting a mark.

Measurement

Set measurement time.

1)

2)

3)

4)

Sampling Period

Set measurement period [s]. When changing the value, display of maximum
measurement time is updated.

Entry range is 0.1~10.0 [s].

Increment/decrement by the up/down buttons is 1.

PreScan Time

Set initial measurement time [s]. Entry range is 5~32767 [s].
Increment/decrement by the up/down buttons is 1.

Total Time

Set total measurement time (hh'mm). Entry range is 0[h]1[min]~Tota]l Max.
Increment/decrement by the up/down buttons is 1 for both fh] and {minl.
Total Max

Set the maximum measurement time (hh:mm). Its value is Sampling Period X
10X 240 [min].
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(3) Hb Continuous
Set parameters of Continuous analysis.
1) Base Start Time
Set start time [s] for base line calculation. Entry range is ~32767~32766 [s].

However, restriction should be provided so that it is lower than Base End Time
and its absolute value is not higher than PreScan Time. increment/decrement
value by the up/down buttons is 1.

2) Base End Time
Set end time [s] for base line calculation. Entry range is —32767~32766 [s].

However, restriction should be provided so that it is higher than Base Start Thme.
Increment/decrement value by the up/down buttons is 1.
(4) Body Movement
* When spike signal such as body movement component occurs during measurement,

measurement is continued until stable (no body movement) data is obtained
without increasing the mark count in the stimulation period,

» Body movement signal means that currently acquired measurement signal [V]
varies larger than (over threshold designated) the measurement signal acquired
before (average in the designated period).

Timing of judgment
T / Over threshald

/ Recognized as
f body movement

b [V]
7;.'.____ -
Average -
measurement
signal
(Average in a
range of “a")
4+
a[s]
—>
a : Cognition Area
b : Threshold Time [s]
Fig. 6.56 When Body Movement Occurred
Line showing
i T - - body movement

Fig. 6.67 Graph Display When Body Movement Occurred

Fig. 6.568 Mark Display When Body Movement Occurred (Lattice display)
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1}  Body Movement
Select presence of action against body movement.
2) Cognition Area

Set cognition area [s] for body movement. When Sampling Period is changed, a
relevant value is redisplayed. Entry range is 2 X Sampling Period ~ 999 X
Sampling Period.

Default is 2 X Sampling Period [s].

3) Threshold
Set the threshold of body movement [mMmm]. Entry range is 0.01~10.00.
Increment/decrement of the up/down button is 0.01.

I]_)etailed description|

1) Judgment of body movement in measurement
(a) Judging body movement

In all probes and all channels, the latest Hb data is compared with data for
the time set in “Cognition Area” to calculate its absclute value. If over
“Threshold”, it 1s judged as “body movement”.

(b} Retrying Sequence

If “body movement” has occurred even once in the Sequence area at the time
when a series of Sequences are completed, retry the Sequence from the
beginning.

(Ex.) Measurement is conducted by setting that Sequence “A, B, C” is to be
repeated three times.

Measurement flow chart (it is supposed that “body movement” occurred in the
second Sequence.)

#1: No movement #2: Moved #2(retry)y. No movement #3: No movement

2) Judgment of body movement in Continuous analysis

In all probes and all channels, each Hb data of all measurement points is
compared with data before the time set in “Cognition Area” to calculate its
absolute value. If over “Threshold”, it is judged as “Body movement”. Also in
each mark, if “body movement” occurred in the Pre time + marking peried +
Recovery time + Post time, this marking period is displayed latticed.
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3} Judgment of body movement in Integral analysis

Data is processed as well as judging body movement in Continuous analysis and
averaged excluding the marking period judged as “body movement”. The
marking period judged as "body movement” is that displayed latticed in
Continuous analysis.

(5) Hb Integral
Perform setting in Integral analysis.

1} Pre Time

Set time before applying stimulation [s]. When sampling period is changed, the
relevant value is redisplayed. Entry range is Sampling Period ~ 999.9 [s].

Increment/decrement of the up/down button is Sampling Period.
2) Recovery Time

Set the recovery time [s]. When Sampling Period is changed, the relevant value
is redisplayed. Entry range is Sampling Period ~ 999.9 [s].

Increment/decrement of the up/down button is Sampling Period.
3) Post Time

Set the time after applying stimulation [s]. When sampling period is changed,
the relevant value is redisplayed. Entry range is Sampling Period ~ 999.9 [s].

Increment/decrement of the up/down button is Sampling Period.

4) Mark Display
Select whether a border line is to be drawn or not between Relax Time and Post
Time.

(6) Moving Average

Perform setup in Hb conversion

@ Moving average
Set moving average time [s]. Options are as shown below:

« OFF

s Sampling Period x5 [s]

s Sampling Period X 10 [s]
¢ Sampling Period X 50 [s]
 Sampling Period X 100 [s]
¢ Sampling Period X 300 [s]
e Sampling Period % 600 [s]

Data is averaged in the moving average process.

This process obtains average from data at each time in the analysis range and in
the vicinity of data (for designated time) and replaces data at each time with it.

This allows data suppressed with noise to be displayed.

For the Hb Time Course screen or Topography screen during Event measurement,
averaging is applied to data at each time and that before it.
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Moving average

OFF Averaging
{No averaging)

Variation /]

Variation

Graph of
variation of Hb . fA
concentration \/

t t

Fig. 6.59 Outline of Moving Averaging

6.2.2 Event Measurement parameters
(1) 2 3

(4) (8 {6)

Fig. 6.60 Even Measurement Parameter Window

(1) Stimulation

Operation is same as the tab of [6.2.1 Stim measurement parameters] except no field
to set Stim time [s].

(2) Measurement

Operation is same as tab of [6.2.1 Stim measurement parameters)].

(3) Hb Continuous

Operation is same as the tab of [6.2.1 Stim measurement parameters].
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(4) Body Movement
1} Body Movement
2} Cognition Area
3} Threshold
Operation is same as the tab of [6.2.1 Stim measurement parameters].
4) Width

Set the period for cognizing body movement [s] (for Event). When Sampling
Period is changed, the relevant value is redisplayed. Entry range is 1 X
Sampling Period ~ 1000 X Sampling Period.

Inerement/decrement of the up/down button is Sampling Period.
Default 1s 100 X Sampling Period [s].
Detailed description]

1) Judgment of body movement in measurement
(a) Judging body movement

In all probes and all channels, the latest Hb data is compared with data for
the time set in “Cognition Area” to calculate its absolute value. If over
“T'hreshold”, it is judged as “body movement”. Also, all marks existing from
the position of “body movement” data to that ahead by “Width” are displayed
latticed.

(b) Retrying Sequence
Operation is same as the tab of [6.2.1 Stim measurement parameters].
2} Judgment of body movement in Continuous analysis

In all probes and all channels, each Hb data of all measurement points is
compared with data before the time set in “Cognition Area” to calculate its
absolute value. If over “Threshold”, it 1s judged as “Body movement”. Also in
each mark, if “body movement” occurred in the Pre time + marking period +
Recovery time + Post time, this marking period is displayed latticed..

3) dJudgment of body movement in Integral analysis

Data 1s processed as well as judging body movement in Continuous analysis and
averaged excluding the marking period judged as “body movement”. The
marking period judged as “body movement” is that displayed latticed in
Continuous analysis.

(5) Hb Integral
Operation is same as the tab of [6.2.1 Stim measurement parameters].
(6) Others

Operation is same as the tab of [6.2.1 Stim measurement parameters].
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6.2.3 Display parameters

M (2)

() (4)
Fig. 6.61 Display Parameter Window
(1) Hb
Perform setup related to displaying the Hb graph.

1) Range

Select how to determine the vertical axis range of Hb graph and topographic
image range. Options are as shown below!

o Auto [Peak to Peak] - All

Maximum values in the plus and minus directions are obtained among all Hb
data of all measurement channels for Max and Min values (range) of all
measurement channels.

e Auto [Peak to Peak] - Each

Maximum values in the plus and minus directions are obtained by
measurement channel for Max and Min for each channel (range). For
topographic images, these are Max and Min values (range) of each topographic
image.

o Auto [+/-Max] - All
Maximum of absolute values is obtained among all Hb data of all

measurement channels for Max and Min values (range) of all measurement
channel with them as both sides (=) of 0.

o Auto [+/~Max] - Each

Maximum of absolute values is obtained by measurement channel for Max and
Min values (range) of each measurement channel with them as both sides (+)
of 0.
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For topographic images, these are Max and Min values (range) of each
topographic image.
Manual

Enter Max and Min values for Max and Min values {range) of all measurement
channels,

2) Quality

Select resolution of topographic image. Options are as shown below:

Fine
Normal
Coarse

3} Selecting display colors

Select colors to be used for topographic image. Options are as shown below:

Color 1 (Red, blue)
Color 2 (Orange, green)
Color 3 {(White, black)
Color 4 (Black, white)

4} Set Color (Topo)

Set the color balance of topographic images.

e)

c)
f)
d)

h)

Questions? Contact
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- 1E-FS0242
6-33 Page 13% of 225
FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ’ %é?



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Description on Main screen

a) Displays color balance currently set.

b) Set boundary 1 of color balance (Drag)

¢) Set boundary 2 of color balance (Drag)

d) Set boundary 3 of color balance {(Drag)

e) Make the boundary 1 valid.

f) Make the boundary 3 valid.

g) Displays a dialog to select colors of each boundary.

h) Returns the setting of color balance to that when starting this window.

1) Returns the setting of color balance to the when shipping the product.

(Default setting when the product was shipped)
Color 1 Color 2

or 4

Fig. 6.63 Color Sample
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4) Graph Line Color

Change line color of Oxy, Deoxy and Total displayed on the Hb graph.
[Set Color] button

Select any color to be displayed
among basic colors.

Fig. 6.64 Color Set Window (1)

Clicking the [Blend color (D)] button changes the window as shown below. Enter
any value in items of Color shade(E), Sharpness(S), Luminosity(L). Red(R),
Green(G) and Blue(B) to create a color. Clicking the [Add Color(A)] button

Fig. 6.65 Color Set Window (2)

[Default] button

This returns the colors to those when the product was shipped.

Fig. 6.66 Default Color When Shipped
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{2) Base Line

(3

Perform setup of base line subtraction.

iy

2)

Base Line

Set whether the base line subtraction is applied or not.
Degree

Set the order of function fitting in the base line subtraction.

Options are as shown below:
» 0,1,2,3 4,5

Filter Set

Perform setup of filters

1)

2)

3)

4)

LPF (Cutoff of low pass filter)

Set LPF frequency [kHzl. Entry range is 0.001~4.999 [Hz]. Increment
/decrement of the up/down button are 0.001. Also, it can be selected in the
combo box. Options are as shown below!

e Off 0.5,1.0,25
HPF (Cutoff of high pas filter)

Set HPF frequency [kHz]. Entry range is 0.001~4.999 {Hz]. Increment
/decrement of the up/down button are 0.001. Also, it can be selected in the
combo box. Options are as shown below:

« Off, 0.001, 0.01, 0.1
Tap

Set the window width at the left and right with data when each filter was set as a
center. Entry range is odd values of 3~255. Increment /decrement of the
up/down button are 2.

Window Selection
Select any window function to cut signal when each filter was set.

Options are as shown below:

+ Rectangle, Hanning, Hamming
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(4} Exception Ch

When S/N of measurement channel signal is low, the channel is excluded.
Background color of the graph of excluded channel becomes dark gray in order to
discriminate it from the other display. Also, the topographic image is created with
Hb value of measurement channel excluded as 0 [mmol*mm] and displayed

B Supplement

Measurement channel excluded is not a subject of judging body movement.

When any damaged LD is detected on the Probe Set window, relevant
measurement channel is automatically excluded.

When Hb Range is Auto [Peak to Peak] - ALL or Auto [+/~Max] - ALL,
excluded measurement channel is not a subject of retrieving Max and Min.

1) Mode

Select the low S/N signal exception mode. Options are as shown below:
Off (default)
The low S/N signal exception is not executed.
Auto

Tn Probe Set, “Over” and “Under” channels are automatically excluded.
Manual

Any channel may be excluded. When completing Probe Set, “Over” and
“Under” channels are automatically excluded.

2) Manual Set

This is active only when Mode is Manual. Clicking on it displays the following
dialog:

Fig. 6.67 Exception Channel Window
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Each channel button

[Reset] button

. Select exclude or not exclude. Depending on the result

of executing Probe Set, colors of buttons and its border
will be green (Normal Gain), red {Over Gain) or yellow
(Under Gain). When color of any button is gray, 1t
indicates unselected ({(excluded), while other cases
indicate selected (not excluded).

: Contents currently set are canceled, and all channels are

selected (not excluded).

[Get Probe Set Status] button : Depending on the result of executing previous

Probe Set, each channel button is selected or
unselected.  “Over Gain” and “Under Gain”
channels when executing Probe Set are
unselected (excluded). Any “Normal Gain”
channels are selected (not excluded).

6 -38 QIE-F50242
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6.2.4 External parameters
Set parameters related to external input and output.

(1) (2) 3)

(4)

(5)

Fig. 6.68 External Parameter Window

(1) RS-232C

Carry out setup related to RS-23C communication.

For relevant commands, see [4.7.3 Using serial communication (RS-232C)].

1} COM IN/QUT

Select direction of command transmission and reception. Options are as shown
below:

» IN (Select if signals such as external mark nput are to be received.)
» OUT (Select if signals such as external mark output are to be transmitted.)

2) COM Port
Select the port number. Options are as shown below:

e COM1 (Default)
« COM2

- QIE-FS0242
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3) Baud rate
Select the baud rate. Options are as follows!
2400
s 4800
e 9600 (Default)
s 19200
1) Stop Bit
Select stop bit. Options are as follows:
s 1 (Default)
o 2
5} Data Bit
Select the number of data bits. Options are as follows:
o 7
¢ 8 (Default)
6) Parity
Select the parity bit. Options are as shown below!
e Odd

¢ Even
» None (Default)

(2) External Type
Carry out setup related to external input signal
1} Display
Select whether the external input signal graph is to be displayed or not.

EXT {(external input signal flag) selected is displayed at the bottom of Hb Time
Course screen.)

2)  A/D Gain

Select display the range [V] of external input signal graph. Options are as
follows:

e 1.25,2.5,5.0
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(3) External Trigger

Carry out setup related to external input signal trigger

1)

2)

3)

4)

Mark
Select valid/invalid of Stimulation setting of external input signal.
e None
No mark input by external input signal trigger
o JM
@ Any mark can be inputted following the setting of external input signal
trigger edge.
At this time, types of input stimulation are:

For analog signal

J is assigned definitely for the Stim measurement, while M for the Event
measurement,

For digital signal

A~J is assigned definitely for the Stim measurement, while F1~F9 and M for
the Event measurement.
s  Sequence

@ Any mark can be inputted following the setting of external input signal
trigger edge.

However, external signal imputted within the set time of StimTime +
RalaxTime is not accepted in the Stim measurement, while RelaxTime in the
Event measurement.

Also, the order of mark input at this time follows the setting of Sequence
(Mark input order) in the Stim Measurement tab or Event Measurement tab.

Trigger Ch

Select either channel to be the trigger of stimulation mark input. Options are as
follows:

EXT1, EXT?2
Threshold

Set the threshold [V] of trigger of stimulation mark input. Entry range is
0.0~5.0 [V]. Increment/decrement of the up/down button is 0.1.

Trigger

Select either edge direction of stimulation mark input trigger. Options are as
follows:

« Up
Mark is inputted when signal exceeds the threshold upward.
s Down
Mark is inputted when signal exceeds the thresheld downward.
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(4 Digital In

When Mark In is External, mark insert type by digital input can be selected.

Utilize terminals provided at the rear of equipment for (DIN1~4).

(See Fig. 2.5.)
1) Mark

Mark type selection

Common items

e None (Mark input by digital signal is not performed. No Trigger is available

for selection.)
o START (Measurement by digital signal can be started.)
¢ STOP (Measurement by digital signal can be stopped.)

Items by measurement type

Stim
measurement

ST oOmEODOwE

measurement

-F1
*F2
+ F3
- 4
- F5
- F6
- F7
- F8
- F9
- M

Event

2) Trigger

Method to receive digital signals can be selected.

s Up (Mark is inserted at rise-up. Low->High)
o Down (Mark is inserted at rise-down.

6-42

High->Low)

QIE-F50242
Page 141 ot 225

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

FOI - Page 210 of 482

<of



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Description on Main screen

(5) Digital Out

Output of digital signal when the mark designated is inserted can be selected.

Type of Mark In has no meaning at this time.

(For DOUT1~4, utilize the terminals provided at the rear of equipment.)

1} Mark

Mark type selection

* None (Digital signal output by mark input is not available. Trigger cannot be

selected.)

» START (Digital signal is outputted at measurement start.)
» STOP (Digital signal is outputted at measurement stop.)

Items by measurement type

Stim Event
measurement measurement
A -F1
B - F2
- C - F3
D - F4
- E - F5
- F + F6
-G - F7
-H * F8
-1 + F9
J * M
2) Trigger

Method of sending digital cutput signals can be selected.

» Up (Rise-up, Low=>High)
¢ Down (Rise-down, High->Low)

6-43
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6.2.5 Saving parameter setting
Parameter setting can be saved and loaded.

O Ovwverall view

Fig. 6.69 Parameter Window (Overall view)

O Upper section view n {2) (3)

Fig. 6.70 Parameter Window (Upper section view)

(1) Parameter Name
A list of parameters saved in (2} is displayed in a combo box.

When a parameter is selected, the parameter file is loaded and reflected to the
window. However, when current measurement data is not saved, a message of
Check No. 11 (confirming deletion of measurement data) is displayed and loaded if it
1s OK.

(2) Save

Current parameters are saved as “parameter name.ini” designated in (1). When the
same name exists, a message of Check No. 14 (confirming overwrite) is displayed and
saved if it 1s OK.

(3) Delete

A message of Check No. 15 (confirming deletion) is displayed. If it is OK, parameter
selected in (1) is deleted.
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6.3 Description on Probe Set Window

Clicking the [Probe Set] button] on the main screen displays the Probe Set window.
In this window, set the number, type, position and orientation of probe unit.

Setting in this window is reflected to any other data display window.

Also, setting of this window may be saved in (2} Probe Position Setting.

(9)

(10)

= e )
Fig. 6.71 Probe Set Window
(1) Probe Position

Probe position information registered is loaded and reflected.

(2) Probe Position Setting

Name ! Designate the name with which current probe position information is
to be saved.
Save : Save the current probe position information. Maximum number of

registration is 10.

Delete . Delete probe position information being saved.
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(3

(4)

(5)

(6)

{7

(8)

(9)

(10

(11

Probe Number

Select the number of proves to be used.
Laser Power ON/OFF

Turn the laser power ON/QOFF.

When LASER ON ] | When LASER OFF

. LASEROFF .~

Fig. 6.72 Lager ON/OFF

Single button

Performs Auto Gain conce.

¢ Use the [Single] button for the normal one-time process.
Repeat button

Repeats Auto Gain.

¢ The [Repeat] button repeats execution of Auto Gain adjustment and display of
adjustment result until clicking the [Stop] button.

Use this button for adjusting the optical fiber cable mounting or repeating checks.
Probe
Informs that Auto Gain of each probe has been completed.
Repeat Count
Displays the number of repeating times in Repeat.
Gain

Displays the meaning of Auto Gain result colors

Red ! Over gain
Yellow ¢ Under gain
Green . Correct value

(Green! Measurement may be available even if it is not correct, but executing
measurement in a correct state is preferable.)

Laser Power
Displays the meaning of laser power colors.
Exit button

Exits the Auto Gain process.
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(12) Probel

Digplays the probe number.
(13) 4x4

Displays the measurement mode.

Select from (44, 3xX5, 3X3X 2 and 3% 11).
(14) Laser Power setting

Set laser power by probe unit.

Select from (High, Normal and Low, OFF).

» Default of power intensity is [Highl. When there are many Over indications in the
Auto Gailn result, it is recommended to set it to [Low].

[Low] is suitable for new born babies.
(15) Threshold
Set the threshold.
o Threshold (%) can increase/decrease laser intensity as well.
It is adjustable in a range of 1~100. Default is 40%.
(16) Probe unit frame

Drag & drop the probe unit frame to move the probe unit to any position on top of the
head.

(17) Probe orientation setting check box

Clicking the check boxes at four corners of probe unit allows probe No. to be rotated by
90° for setting orientation.

- 1E-F50242
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6.4 File Related Operation

6.4.1 File Manager window

Selecting [File Manger] from the [Operation] button menu of main secreen displays the
File Manager window. The size of File Manager window may be changed.

(A) (D) B) (€) (E) {F) (@)

o]
HITADHE HANAKD Mol

v "

Lergumlin 1004 88 wavemeni

D7 FULB/WN/TE 1434 Twipsing
1198 JORNAASIS 1450 Aveam

(0) P) (Q) (R) (S) (M (L)

Fig. 6.73 File Manager Window
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{A) ID

Displays patient 1D set in the patient information area (4.1.2) of main screen.
(B) Name
Displays patient name set in the patient information area of main screen.

Double clicking (A) ID and (B) Name field displays the following dialog to change
contents respectively.

Fig. 6.74 Name Change Dialog

(C) Sex
Displays patient sex set in the patient information area of main screen.
(D) Comment
Displays a comment.
(E) Addition
This is used to newly add patient ID information.
When the same ID already exists in the [Patient Select], it cannot be clicked.
{F) Change

Displays a dialog to check patient information of data selected.

Fig. 6.75 Patient Information Change Dialog

(@) Delete

Entirely deletes patient information being selected and measurement data of the
patient.

(H) Patient Selection

Displays a list of patient information. Clicking a title sorts the list with each item
as a key. The figure below is sorted with ID as a key in the ascending order (A:
ascending order, V' descending order). Also, dragging the border between titles
changes display width of each item.

Click each title to determine ascending (A)/descending (V) order. |

[ ]
Fig. 6.76 Titles :\_ l Use the mouse to change display width. l
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@ @ @ @ ® ®

a3-11-1¢ I
03-01-11 HITAGHE HANAKD Female 1 00403
02-08-13 HITACHL JIRG Make 1 0042

Fig. 6.77 Patient Data

Displays the patient 1D.
Displays the patient name.
Displays patient sex.
Displays comment.

Displays the number of measurement data set

SEGNONTRERS)

Displays patient No. (automatically attached by the system)
(I)  Measurement Data

A list of measurement data information of the patient being selected is displayed.
Clicking any title allows for sorting the list with each item as a key. The following
figure is sorted with Measurement Date as a key (/! ascending order, V/: descending
order). Also, dragging the border between titles changes display width of each item.

Click each title to determine ascending (A Ydescending (V) orderJ

—E
Fig. 6.78 Titles :\_ I Use the mouse to change display width. |

@ @

® @ @0 O O

: 9:41 po x4 4xA CGontinuous X X goot
2004701 708 18:42 2003701708 18:44 Gripping 4x4 4x4 Continuous Stim X ¥ o002
2003/01/7G8 18:45 2003/01/08 18:47 Gripping 4xd 4dx4 Continvous Stim X X oas
2003701708 18:58 2003/01/00 18:59 Gripping 4x4 4x4 Continnous Stim X X 0004
2603701708 19:06 2003/01700 19:09 Gripping 4x4 4x4 OContinugueg Stim X X 0005
2003/01 708 19:06 2003/01/14 11:40 Gripping 4x% Adx4& Continwous Stim X X a0
2003/01/08 19:06 2083/01/14 13::40 Grippine 4x4 4x4 Continucus Stim X X 8007
2003/01/08 19:06 2003701716 13:35 Grippme 4x4 4xd4 GContinwous Stim X X ‘p00e
2003701708 19:05 2002/01/27 089:36 Gripping 4x4 A x4 Coniinuocus Stim X X a0a
2003/701/08 19:06 2008/03./03 10:33 ' Gripping dxd dxd Continugus Stim X X o810
SA03/01/08 1006 20637037063 10 A3 Grigpme X & x 4 Cantineass KX K g1

Fig. 6.79 Measurement Data
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Display date and time of measurement.

Displays data and time of saving measurement and analysis.
Displays comment.

Displays the shape of probe 1.

Displays the shape of probe 2.

Displays results of analysis (Continuous, Integral)

Displays type of stimulation (Stim, Event).

Displays presence of 3D Space (optional) data.

Displays presence of Video Capture (optional) data.

When measurement data is exported, this displays the destination folder.

SRENCNC RSN EORCN RSS!

Displays file No. (attached automatically by the system).
(J) Delete

Saved data being seiected can be deleted.
{K) Save (Over Write)

Clicking the [Save] button displays the following dialog.

Data is saved overwriting the old data.

Fig. 6.80 File Save Dialog

+ Patient age when measured can be changed.
+ Comment for measurement can be changed.

Click the [OK] button to save data.

Click the [Cancel] button to return to the File Manager window without saving data.

- QIE-F30242
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(L) Save As
Clicking the [Save As] button displays the following dialog.

This saves data without overwriting.

Languadge

Fig. 6.81 File Save Dialog
¢ Patient age when measured can be changed.
» Comment for measurement can be changed.
Click the [OK] button to save data.
Click the [Cancel] button to return to the File Manager window without saving data.
(M) Load
Click the [Load] button to display the following dialog.

Click the [OK] button to load data.

Click the [Cancel] bution to return to the File Manager window without loading
data.

{N) Search

Click the [Search] button to display the following dialog. Even if this dialog is
displayed, operation of the File Manager window is available.
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Fig. 6.82 Search Dialog

(D' Tab control (Patient/Data)
Select either of Patient or Data for searching.
@ Search Item

Select any item to be searched. According to the search item, search type is
switched over to text entry or options.

s Patient tab

Search item Search type
1D Text entry
Name Text entry
Sex Options: Male, Female
Comment Text entry
Data Num Text entry
Patient No Text entry
¢ Data tab
Search item Search type
Measurement Date | Text entry
Save Date Text entry
Comment Text entry
ProbeSet1 Options: 3X3, 4X4, 3x5, 3x11
ProbeSet2 Options: 4X4, 3X5
Analyze Options: Measurement, Continuous, Integral
Stim Options: Stim, Event
3D Options: 0, X
Video Options: 0, X
Export Text entry
File No Text entry

@ Search button
Starts search. Identified data are highlighted.

For text entry type, upper and lower cases are not sorted.
(0) Export
Outputs measurement data to any external device.

* Exported data is for backup, so it can be reloaded by the Import function. (Binary
data is included.)

D Select any drive to which data is to be exported.
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Fig. 6.83 Export Button

Selecting a drive displays the directory tree of destination. Select the folder to
which data is to be exported.

HL— T FAd

Fig. 6.84 Destination Folder Selection Window
@ Measurement data selected for export on the File Manager window is listed with
it highlighted.

¢ When any export data of the same ID exists in the destination folder, the data
is not highlighted in the list.

« When any export data of the different 1D in the destination folder, a message of
WARO0034 appears and returns to (.

¢ When any Hb Export data already exists in the destination folder, a message of
WARO0040 appears and returns to (D,

Click the [OK] button to archive the data.

Existing data

Data to be
exported

Fig. 6.85 List of Data to be Exported
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(P) Import

Exported data is registered to the database.
* Note that the Text File Qut data eannot be reloaded.

(D Select any drive in which an exported data exists.

Fig. 6.86 Import Data Selection

@ Selecting a drive displays the directory tree of destination.

Select a folder from
which data is to be imported.

Fig. 6.87 Exported Data Selection Window

@ List up the exported data and select any data to be imported.
Pressing the [All Select] button selects all Exported data.
Press the [OK] button to import the data.

Fig. 6.88 List of Data to be Selected for Import

QIE-FS0242
Page 154 ot 225 )
Tl
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 223 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Description on Main screen

() Hb Export
Hb data can be exported to any external device.
Data exported by Hb Export may be imported by 3DMRI of optional functions.

D Select any drive to which data is to be exported.

Fig. 6.89 Hb Export Data Selection

) When selecting the drive, the directory tree of destination folder is displayed.
Select any output folder.

Fig. 6.90 Destination Selection Window

@ Measurement data selected on the File Manager window for Hb Export is listed
with it highlighted.

« When Hb Export data of the same ID already exists in the destination folder, it
is listed with it not highlighted.

« When Hb Export data of different ID already exists in the destination folder, a
message of WAR0034 appears and returns to (.

o When any Export data exists in the destination folder, a message of WAR0040
appears and returns to (0.

Click the [OK] button to archive the data.

Existing data
Data for Hb Export

Fig. 6.91 List of Data for Hb Export
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(R} Copy button

If clicking this button to copy the 2D position information file, relevant measurement
data number is saved in the memory. Actual file copy is performed by the (S)
[Paste] button.

(S) Paste button

Pastes the 3D position information file.
(T) Print

Prints the File Manager window.
(U) Exit

Exit the File Manger.

6.4.2 Text File Qut

If selecting [Text File Out] from the [Operation] button menu of main screen, the File Out
window appears.

* This is of Excel format: therefore, the Import function cannot reload it.

M

{2)
3}
{4)
(5)
{8) ("
Fig. 6.92 File Out Window
Fig. 6.93 Drive Selection Window
6-57 QIE-FS0242
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If selecting any output drive and clicking [Next...], the Text File Out window appears.

Select any destination directory, enter file name and click the [Save] button.

Fig. 6.94 Drive Selection Window

Outputted data 1s that selected and displayed before File Out.
(1) Header
Select whether header information is to be attached or not to the output file.
{2) Data Division
Select any letter for separation between output data. Options are as follows:
s Comma, Space, Tab, Semicolon
(3) Measurement
Select whether AD data is to be ocutputted or not.
(4) Hb

Select whether Hb data is to be outputted or not. “Hb (Measurement) is displayed
for measurement mode, while “Hb (Analyze)” for analysis mode.

(5) External AD
Select whether external AD data is to be outputted or not.

However, only measurement data that external input signal was imported can be
selected.

(6) Next

Displays the File Destination Selection dialog and exports the file to it.
(7) Cancel

Closes the dialog.
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6.4.3 Text File Out format

(1)  Output file name

Qutput file is automatically named from the file name designated and the number of

probe units.

The following table shows details.

(Ex.) File name designated 1 00
The number of probe units @ N

Table 6.1 OQutput File Name

Data type File name Data contents

Measurement | 00_MES_Prohel.csv Measurement data of probe unit 1
00_MES_ProbeN.csv Measurement data of probe unit N

Hb 00_HBA_Probel Oxy.csv Hb-Oxy data of probe unit 1
00_HBA_Probel_Deoxy.csv Hb-Deoxy data of probe unit 1
00_HBA_Probel Total.csv Hb-Total data of probe unit 1
00_HBA_ProbeN_Oxy.csv Hb-Oxy data of probe unit N
00_HBA_ProbeN_Deoxy.csv Hb-Deoxy data of probe unit N
00_HBA_ProbeN Total.csv Hb-Total data of probe unit N
(_ HBM_ for measurement mode,
_HBA_ for analysis mode)

External AD 00_EXT.csv External input analog data

Q1E-F50242
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(2) Header output format
A file outputted with a header is added with patient information and measurement
information.
The header section is common to all data types and 39 lines from the head of file.
The table below shows details:
Table 6.2 Header Output Format
Line No. Qutput format Description
1 Header Header section
2 File Version File version
3 Patient Information Patient information
4 1D Patient specific ID number
5 Name Patient name
6 Comment Comment on data
7 Age Patient age
8 Sex Patient sex (Male/Female)
9 Analyze Information Information on analysis
10 Analyze Mode Analysis mode (Continuous/Integral)
11 Pre Timels] Pre stimulation time [s]
12 Post Timels] Rest time post stimulation [s]
13 Recovery Timels] Recovery time after stimulation [s]
14 Base Timels] Time to calculation base line [s]
15 Fitting Degree Degree of fitting curve
16 HPF[Hz] HPF frequency [Hz). No Filter when filter is not
provided.
17 LL.PF[Hz] LPF frequency [Hzl. No Filter when filter is not
provided.
18 Moving Averagels] Moving average [s]
19 Measure Information Measurement information
20 Date Date when measurement was performed
21 Mode Probe type (3x3/4x4/3x5/3x11).
3% Nothing for External AD osutput
22 Wave[nml Wavelength [nm]
23 Wave Length, Detailed wavelength of each channel [nm)
CH1{(695.0),CH1(830.0),
CHN(695.0),CHN(830.0),
24 Analog Gain, 1,-,N Analog gain of each channel
25 Digital Gain, 1, N Trimming gain of each channel
26 Sampling Period|s] Sampling period of measurement data [s]
27 Stim Type Stimulation type (STIM/EVENT)
28 Stim Timels] Stimulation time [s]
29 Ad, Bl Stimulation time of each stimulation sequence [s]
F1,M
30 Repeat Count The repeating number of stimulation
31~39 | Return Spare area
6 - 60 QI1E-F$0242
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(3) Measurement output format
AD data (original) is outputted from PreScan.
File name is (File name designated)_ MES_Probe {Probe unit number).csv.
Table 6.3 Measurement OQutput Format
Line No. Output format Description
1 Data Data section
No this line for the data without header

2 Probe, Title
CH1(695.0),CH1{(830.0) | Probe unit number is outputted for the Probe number.
...CHN(695.0),CHN(830. | N (the number of channels) of CHN is different
0), depending on the probe unit.
Mark, 3x5: N=24, 4x4: N=24, 3x5: N=22, 3x11: N=52.
Time,
BodyMovement,
RemovalMark,
PreScan
Item number, CH1~N (695): Measurement signal of laser light of

CH1(695.0),CH1(830.0),

CHN(695.0), CHN(830.0),
Mark,

which wavelength is 695 [nm]. Unit is [V].

CH1~N (830): Measurement signal of laser light of
which wavelength is 830 [nm]. Unit is [V].

Mark: Stimulation mark letter {see the table below for

Time, outputted letter). Stimulation mark letters are
BodyMovement, outputted at the start point and end point in the Stim
RemovalMark, measurement, while at the point where an event
PreScan occurred in the Event measurement. ’0’is outputted

for other cases.

Time: Actual time measured (hh:mm:ss.s) is outputted.
BodyMovement: Body movement position (1) or not (0)
is displayed.

RemovalMark: Removal mark (1) or not (0) is displayed.
PreScan: Data in PreScan (1) or not (0) is displayed.

List of stimulation marks

Stimulation mark letters of ‘1’~’10' are outputted.

Table 6.4 Stimulation Mark Letters

 Stimulation 1
Stim measurement A/B|C|DIE|F|G|H|TI|J
Event measurement F1|F2|F3|F4|F5|F6|F7|F8|Fo9| M
6-61 QIE-FS0242
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(4)

Hb Output format
Hb data is outputted.

In the Continuous analysis, data after completing PreScan is outputted.

However, file name is (file name designated)_HBA_Probe(Probe unit number) (Hb

type).csv.
However, “ HMA_” is _HBM_ in the measurement mode and _HMA in the analysis
mode.
Table 6.6 Hb Qutput Format
Line No. Qutput format Description
1 Data Data section. No this line for data without header.
2 Probe No. (Hb type), | Title

CH1~CHN, Probe unit number is outputted for Probe number.

Mark, Oxy, Deoxy or Total is outputted for probe type.

Time N (number of channels) of CHN differs depending on each
probe unit.

3% 5 N=24, 4 X4: N=24, 3 X5: N=22, 3X11: N=52
3 Item No., CH1~N: Hb data, unit is [mmol*mm]
: CH1,~CHN, Mark: Stimulation mark letter

Mark, Stimulation mark letters are outputted at the start point

Time, and end point in the Stim measurement, while at the

BodyMovement, point where an event occurred in the Event

RemovalMark, measurement. 0 is outputted for other cases.

PreScan Time: actual measured time (hh'mmiss.s) is outputted in
the Continuous analysis, while relative time starting
from 0.0 [s] is outputted in the Integral analysis.
BodyMovement: Body movement position (1) or not (0).
RemovalMark: Removal mark (1) or not (0).

PreScan: Data in PreScan (1) or not (0

(3) External AD output format
External AD data is outputted. Data from PreScan is outputted.

File name is (file name designated}_EXT.csv.

Table 6.6 External AD Qutput Format

Time,
BodyMovement,
RemovalMark,
PreScan

Line No. Qutput format Description
1 Data Data section, no this line for data without header
2 EXT AD, Title
CH1, CH2, CH1 and CH are outputted when EXT1 (CH1) or EXT2
Marl, (CH2) is checked to ON.
CH1, CH2: External input analog data. Unitis [V].

Mark: Stimulation mark letter.  Stimulation mark
letters are outputted at the start point and end point in
the Stimulation measurement, but at the point where an
event occurred in the Event measurement., In other
cases, ‘0’ is cutputted.

Time: Measured actual time is outputted (hh:mm'ss.s)
BodyMovement: Body movement (1} or not (0)
RemovalMark: Removal mark (1) or not (0)

PreScan: Data in PreScan (1) or not (0)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 7 3(

FOI - Page 230 of 482

QILE-F50242

G-
62 Page 161 of 225



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Description on Main screen

6.4.4 Bitmap File Out

Selecting [Bitmap File Out] from the [Operation] button menu of main screen displays the
following window.

Fig. 6.95 Drive Selection Window

Select any output drive and click [Next...] to display the Bitmap File Out window. Select
destination directory, enter file name and click the [Save] button.

Bitmap Files(bmp}

Fig. 6.96 Saving Destination Selection Window
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6.4.5 Animation File Out

If selecting [Animation File Out] from the [Operation] button menu of main screen, the
following window is displayed.

Results continuously displayed in analysis are outputted in a cine file (AVI). Also,
bitmap file can be outputted frame by frame.

n Uit Ot

(3
Fig. 6.97 Detailed Output Setting

(1) File Select
Select output file type.
« BMP AVI

(2) Area

Select any area to display images to be outputted.

¢ Full Screen : Full main screen
* Main Display ! Image display area of main screen
+ Scroll Bar : Select whether the scroll bar is to be included or not.

Selectable only when selecting Main Display
(3) Next (when selecting BMP file)
1) Displaying the drive selection window

Select any output drive and click [Next...].

Fig. 6.98 Drive Selection Window
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2) Entering file name

Fig. 6.99 File Name Entry Window

3) Setting output start/stop time

The [START] button varies to the following to set output start/stop time.
Positions of output start/stop are depicted on the scroll bar as lines.

Fig. 6.100 Picture Scroll Bar

@ Output start time

Click the picture scroll bar to determine the start position.

Fig. 6.101 Output Start Time

® Output stop time

Click the picture scroll bar to determine the end position.

Fig. 6.102 Output Stop Time
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@ [START] button flickers

Click on it to continuously replay for the time designated.

Flickers

E—
4

Fig. 6.103 [START! Button Flickers

@ [STOP) button flickers

Flickers

Fig. 6.104 [STOP] Button Flickers

After completing continuous replay, the [STOP] button flickers.
Click on it to return to the normal main screen operation.

(4) Next (When selecting AVI file}

1) Designate any compression method and click the [OK] button if acceptable. To
stop selection, click the [Cancell button.

Fig. 6.105 Compression Method Selection Window
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2) Select any output drive and click [Next...].

Fig. 6.106 Drive Selection Window

3) Entering file name

Enter the file name into the following dialog to save it.

UYL= T 128

Fig. 6.107 File Name Entry Window

4) Setting output start/stop time

The [START] button varies to the following to set output start/stop time.
Positions of output start/stop are depicted on the seroll bar as lines.

Fig. 6.108 Picture Scroll Bar

@ Output start time

Click the picture scroll bar to determine the start position.

Fig. 6.108 Output Start Time
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@ Output stop time

Click the picture scroll bar to determine the stop position.

Fig. 6.110 [START] Button Flickers

3 [START] button flickers

Click on it to continuously replay for the time designated.

Flickers

EE—

Fig. 6.111 [START] Button Flickers

@ [STOP] button flickers.

Fig. 6.112 [STOP] Button Flickers

After completing continuous replay, the [STOP] button flickers.

Click on it to return to the normal main screen operation.

6.4.6 Print

Selecting [Print] from the [Operation] button menu of main screen prints a hard copy of
the screen being displayed in color or in black and white.

« To save printer ink, background colors of buttons and windows are printed in white.
* For operation of the print dialog window, see the instruction manual of printer.

¢ TFor operating the printer and replenishing it with paper and ink, see the instruction
manual of printer.
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6.5 Description of Window Display

6.5.1 Hemoglobin time course graph display [Hb Time Course]

Select [Window] = [Hb Time Course] from the [DISPLAY] button menu of main screen to
display the following window.

Hb time courses are displayed for probes provided. The window can be changed in its
size and moved.

{5) (6)
Fig. 6.113 Hb Time Course Window

(1) File menu

Prints this window. (See [6.5.8].)

Saves a bitmap file of this window. (See [6.5.9 {1)].)

<4— OQutputs an AVI file. {See [6.5.10].)

Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.114 File Menu

(2) Probe Set

Probe number is displayed.
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(3) Zoom

The channel selected in (5) is zoomed. Pressing the Zoom button while displaying
enlarged returns display normal.

{4) Title bar

Title bars are displayed in different colors for Probe 1 and 2.

ourze Frobel

Hio Timelourse Probe?

Fig. 6.1156 Title Bars

(5) Channel selection
Select any channel to be zoomed.
(6) Graph display area
Hb graphs of each channel are displayed.

+ For 3%3 probe, Hb graph is displayed in an area for 25 channels (rows) with a
separator channel provided between 12 and 13 channels.

« When clicking on the graph, the time bar moves to the X-axis position clicked.

e When double clicking on the graph, the channel double clicked is enlarged.
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6.5.2 Hemoglobin mapping display [Hb Mapping]

Select [Window] - [Hb Mapping] from the [DISPLAY] button menu of main screen
displays the following window.

Hb mapping graphs are displayed for probes provided. The window can be changed in its
size and moved.

Fig. 6.116 Hb Mapping Window

(1) File menu

4—— Prints this window. (See [6.5.8).)
44— Savesa bitmap file of this window. {See [6.5.9 (1}].)
<+ Qutputs an AV file. (See [6.5.10).)

44— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.117 File Menu

(2) Probe Set

Displays probe number.
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(3) Probe No
Displays probe number.
Set the Probe No. to ON/OFF.

¢« When ON
Probe No. E R
Probe orientation : ¥, @ ¥ #
i

Probe orientation bar: [

{4) Title bar
Title bars are displayed in different colors for Probe 1 and 2.

Hb Blappire Frobed

Hb Mappine Probed)

Fig. 6.118 Title Bars

(5) Graph display area
Hb graphs of each channel are displayed according to actual channel layout.

¢ Relevant optical fiber cable numbers are displayed at four corners
e The sources are displayed in red and detectors in white number in a blue circle.

¢ If clicking on the graph, the time bar moves to the X-axis position clicked.
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6.5.3 Hemoglobin mapping graph display [Hb Mapping On Head]

Select [Window] - [Hb Mapping On Head] from the [DISPLAY] button menu of main
screen to display the following window.

Whole hemoglobin mapping graphs are displayed for the probes provided.r

Window can be changed in its size and moved.

Fig. 6.119 Hb Mapping On Head Window

(1) File menu

44— Prints this window. (See [6.5.8].)

“4— Saves a bitmap file of this window. (See [6.5.9 (1)].)

4 Qutputs an AV file. (See [6.5.10].)

| 94— Closes the window. Window size and position are saved, and the same
' window will be displayed next time.

Fig. 6.120 File Manu

QIE-F50242
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{2) Probe No
Probe number is displayed
Set the Probe No. to ON/OFF.
e When ON

Probe No. B
Probe orientation : ¥, @ ¥ &

Probe orientation bar: [ 1

(3) Graph display area
Hb graphs of each channel are displayed according to actual channel layout.

« Relevant optical fiber cable numbers are displayed at four corners
« The sources are displayed in red and detectors in white number in a blue circle.

e If clicking on the graph, the time bar moves to the X-axis position clicked.
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6.5.4 2D topographic image display [Topo2D]

Selecting [Window] > [Topo2D] from the [DIPAY] button menu of main screen displays
the following window.

2D topographic images are displayed for the probes provided.

The window can be changed in its size and moved.

(1)

@ 3 4) (%)

R TR FE AR SRR

Fig. 6.121  Vertical Layout of Topo2D Images

Fig. 6.122 Horizontal layout of Top2D Images
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(1) File menu

44— Prints this window. (See [6.5.8].)

<4—— Saves a bitmap file of this window. (See [6.5.9 (1]].)

4— Outputs an AV file. (See [6.5.10).)

4—— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.123 File Menu

(2) Probe Set
Probe number is displayed.
(3) Probe No
Probe number is displayed
Set the Probe No. to ON or OFF.
» When ON

Probe No. B R
Probe orientation @ %, ¥ & &

Probe orientation bar: |

(4) 'Title bars

Title bars are displayed in different colors for Probe 1 and 2.

Topa2D Probel

Topn2D Frobed
Fig. 6.124 Title Bars

(5) Topographic image display area
Displays topographic images
o Use the [DISPLAY] button to switch over Oxy, Deoxy and Total displays.

s For 3% 3 probe, both A and B probes are displayed side by side in the horizontal
layout, while they are displayed up and down in the vertical layout.

(6) Color bar
The color bar and Max and Min range of topographic image are displayed.
For 3 3 probe, only one color bar 1s displayed for both A and B probes.
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6.5.5 2D topographic image overall display [Topo2F On Had]

Selecting {Window] = [Topo2D On Had] from the [DISPLAY) button menu of main screen
displays the following window.

The 2D topographic images are displayed for the probes provided.

The window can be changed in its size and moved.

{1) {2 (3) @) (5)

Fig. 6.125 Topo2D On Head Window

(1) File menu

44— Prints this window. (See [6.5.8).)

44— Savesa bitmap file of this window. (See [6.5.9 (1)].}

4 Outputs an AV file. (See [6.5.10].)

4— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.126 File Menu

(2) Displayed Hb type
Options are Oxy-Hb, Deoxy-Hb and Total-Hb.
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(3) Probe No
Probe number is displayed
Set the Probe No. to ON/OFT.
e When ON

Probe No. A
Probe orientation : ¥, . & &

Probe orientation bar: | ]

(4) Topographic image display area
Topographic images are displayed.

o Clicking on the topographic image displays Hb value [mmol*mm] at the position
clicked.

(5) Color bar
The color bar and Max and Min range of topographic image are displayed.

However, Max and Min range is not displayed if Hb Range is Each.

6-78 QUE-F80242
Page 177 of 225

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ZL}\.‘
FOI - Page 246 of 482



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

Section 6 Deseription on Main screen

6.5.6 Displaying signal status of measurement channel [AD Status]

Clicking [Windowl = [AD Status] from the [DISPLAY] button menu of main screen
displayed the following window.

¢ The window can be changed in its size and moved.
However, it cannot be changed in its size and moved during measurement.

* In case of 2-Probe display, they are arranged vertically.

* Depending on SN, status 1s displayed in the following color:

Table 6.7 SN and Display Color

SN Display color
Normal Green
Under Yellow
Over Red
{Clear) Gray

(6) File menu

Fig. 6.127 AD Status

«4—— Prints this window. (See [6.5.8].)

“4— Saves a bilmap file of this window. (See [6.5.9 (1)].)
4— Qutputs an AV file. (See [6.5.10].)
+—— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.128 File Menu

6-79

Measurement channel
Incident point

Detected point
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6.5.7 Print of window display
Hardcopy of the window is printed in color or black and white.
¢ To save printer ink, background colors of buttons and windows are printed in white.
» For operation of the print dialog window, see the instruction manual of printer.
e For operating the printer and replenishing it with paper and ink, see the instruction
manual of printer.
6.5.8 Bitmap File Out of window display
(1) For normal window

The following window appears. Select any destination and enter the file name.

Fig. 6.129 Destination Selection Window

(2) For 2D topographic image display [Topo2D]

The following window appears. Select an output type (Hb Select), select the
destination and enter the file name. When Hb Select is All, a BMP image of the
whole window display area is outputted. In other cases, only Hb types selected are
outputted in the BMP format.

Fig. 6.130 Destination Selection Window
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6.5.9 Animation File Out of window display

The following window appears. The results continuously displayed in analysis are
outputted in a cine file (AVI). Also, bitmap file (BMP) output is available frame by frame.

{3)
Fig. 6.131 Detailed Output Setting

(1) File Select

Select either output file format.

» BMP, AVI
(2) Area

Select either display area for output.

* Window Area : Entire window display area

» Client Area * Area with the title bar and outer frame excluded
(3) Next

See (3} Next (BMP file selected) of [6.4.5 Animation File Out] or (4) Next (AVI file
selected) of [6.4.5 Animation File Out].

% The window cannot be changed in its size and moved during output.

6.6 Description on Realtime Integral Display

Realtime Integral process displays an average for marks inputted during measurement.

(1} Press the [Parameter Set] button to display the [Parameter] dialog and set parameters.

Fig. 6.132 [Parameter Set] Button
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Setting of [Stimulation}, [Hb Integrall, [Moving Averagel, [Body Movement] is reflected
to display. Set these before starting measurement.

(For details, see [6.2.1])

Fig. 6.133 Parameter Window

(2) To set [Moving Averagel of the main screen, use [Moving Average| of the parameter
window.,

Fig. 6.134 Moving Average Setting

{3) Use [Realtime Integrall Mark to select a mark to perform Integral analysis. (Select any
one of A~J having been set in Mark In.)

Tt becomes valid when displaying the Realtime Integral window

Stim measurement Event measurement

Fig. 6.135 Realtime Integral Analysis Mark Setting

{This cannot be set in the parameter window.)

{4) Open the result display window of Realtime Integral process before starting
measurement.

Hb Time Course
Hb Mapping Select any one of three.
Hb Mapping On Head
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6.6.1 Hemoglobin time course graph [Hb Time Course]

Selecting [Realtime Integral]l = [Hb Time Coursel from the [DISPLAY] button menu of
main screen displays data applied with the Realtime Integral process in the following
window.

When selecting each menu item of Realtime Integral, a relevant daughter window is
displayed. When any other realtime integral menu item is selected, current daughter
window is automatically closed and selected daughter window is displayed

M {2) (3) (4)

(5) (6)
Fig. 6.136 Hb Time Course Window

(1) File menu

«4— Prints this window. (See [6.5.8].)
“4— Saves a bitmap file of this window. {See [6.5.9 (1)].)

44— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.137 File Menu
(2) Probe Set
Displays probe number.
(3) Zoom

Channel selected in (5) is displayed enlarged. Pressing the Zoom button during
zoomed display returns to normal display.
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(4) Title bars

Title bars are displayed in different colors for Probe 1 and 2.

arse Probe -_.7 ) f ii.l.mé‘_ Ir\_‘.eg !'
Fig. 6.138 Title Bars
(5) Channel selection

Select any channel to be enlarged.

Select at least one.
(6) Graph display area
Displays Hb graphs of each channel.
s Clicking on the graph moves the time bar to the X-axis position clicked.
~» Double clicking on the graph enlarges the channel clicked.
6.6.2 Hemoglobin mapping graph display [Hb Mapping]

Selecting [Realtime Integral] > [Hb Mapping] from the IDISPLAY] button menu of main
screen displays data applied with Realtime Integral process in the following window.

The Hb mapping graphs are displayed for the probes provided. The window can be
changed in its size and moved.

(RS S

Fig. 6.139 Hb Mapping Window
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(1) File menu

oo o

<4—— Prints this window. (See [6.5.8].)
4 Saves a bitmap file of this window. (See [6.5.9 (1)].)

44— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

. Fig. 6.140 File Menu

(2) Probe Set
Displays probe number.
{3) Probe No
Probe number is displayed
Set the Probe No. to ON/OFF.
e When ON
Probe No. A
Probe orientation : %, W, ¥ &

Probe orientation bar: | )

{4) Title bars

Title bars are displayed in different colors for Probe 1 and 2,

b Mjppmg Fra el 1 (Rea ..; e b 3

Fig. 6.141 Title Bars

(5) Graph display area
Hb graphs of each channel are displayed according to actual channel layout.

» Relevant optical fiber cable numbers are displayed at four corners
» The sources are displayed in red and detectors in white number in a blue circle.

o If clicking on the graph, the time bar moves to the X-axis position clicked, .

6.6.3 Displaying whole hemoglobin mapping graphs [Hb Mapping On Head]

Selecting [Realtime Integrall = [Hb Mapping On Head] from the [DISPLAY] button menu
of main screen displays data applied with the Realtime Integral process in the following
window.

Whole hemoglobin integral mapping graphs are displayed for the probed provided.

The window can be changed in its size and moved.
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m (2) (3)

Ha Map[;\r:g“ i Head (Realtinge Integral)

Fig. 6.142 Hb Mapping On Head Window

(1) File menu

4—— Prints this window. (See [6.5.8}.)
4-—— Saves a bitmap file of this window. {See [6.5.9 (1)].)

«4—— Closes the window. Window size and position are saved, and the same
window will be displayed next time.

Fig. 6.143 File Menu
(2) Probe No

Probe number is displayed
Set the Probe No. to ON or OFF.
¢ When ON

Probe No. E
Probe orientation : #, #. ¥ &

Probe orientation bar: |

(3) Graph display area
Hb graphs of each channel are displayed according to actual channel layout.
+ Relevant optical fiber cable numbers are displayed at four corners

e The sources are displayed in red and detectors in white number in a blue circle.

¢ [f clicking on the graph, the time bar moves to the X-axis position clicked.
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6.6.4 Example operation
6.1.1.1 Stim measurement

Example operation shows a case in which Mark A is selected for display.

1) Time of Stim period uses that of Stim period of the mark firstly selected.

Displaying results of Reaitime Integral

2) When using the body movement removal function, any mark period judged as body
movement exists is not included in the average.

Body move
occured.

4 tt

Exciuded from analysis

v

Displaying results of Realtime Integral

3) When analysis periods are overlapped, any mark period came first is not included
1n the average.

e

Excluded from analysis

v -

Displaying results of Realtime Integral
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6.1.1.2 Event measurement

Example operation shows a case in which F1 is selected for display.

1) Time of Event period uses that of Event period of the mark firstly selected.

Displaying results of Realtime Integral

2)  When using the body movement removal function, any mark period judged as body
movement exists is not included in the average.

\ Body move E
occurred.
Excluded from analysis]

v

Displaying results of Realtime Integral

3) When analysis periods are overlapped, any mark period came first is not included
in the average.

Excluded from analysis — |

Pre

Displaying results of Realtime Integral

$%  Analysis period
e Time of Stim period uses that of Stim period of the mark selected first

o Considering that periods of the 2nd mark and after differ from that of the 1st mark,
when judging whether the 2nd mark and after is to be removed or not, the period

between “the mark start point minus Pre time” and “mark start point plus Stim
time + Relax time + Post time” 1s used.

6 - 88 183 QIE-FS0242
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Section 7 Measurement Data Handling

This section describes relationship among [4.6 Saving Measurement Datal, [5.6 Saving
Analysis Data] and [6.4 File Related Operations], and provides additional information.

7.1 Structure of Data Files

See below, This chart describes components of the optical topography system and a flow of
information among these components. The topography system in measurement has
functions to display data on the monitor after calculating that acquired by the data
acquisition system as well as save data to the database.

Data saved in the database is available for loading with a file selected, analysis, display,
print and file out in the text format.

As for database related operations besides above, data may be deleted with one or more files
selected, data may be exported for backup, as well as the data may be imported again to the
database.

Data acquisition system | | Data display system

Measurement¢ Monitor ‘TAnalysis
Time course
Print = Hb

RAM
Topo
Save l TLoad

Delete |Measurement database

<"— Measurement

Analysis, Topo

Export Import Fite Out
v \
Backup User analysis
Data (MO} Data (MO)
Measurement Measurement
Analysis Hb (Oxy, Deoxy, Total)
Topo Topo (Bitmap)

Fig. 7.1 Data File Structure
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For Measurement, Analysis and Print use the exclusive buttons located on the measurement
analysis window for operation.

For Save, Load, Delete, Import and Export, select [File Manager] from the [Operation]
button menu of main screen for operation.

(For operation, see [6.4 File Related Operations].)
For File Out, select {File Out} from the {Operation] button menu as well.

(For operations, see [6.4.2, 6.4.3 and 6.4.4.].)

7.2 Export and Import

This section describes operations of Export and Import.

7.21 Export

This outputs data being selected to any external device. Multiple data sets may be
selected.

(1) Clicking the [Export] button displays a window asking the destination drive.

(2) Selecting the drive displays a window asking the destination folder. A new folder
may be created and designated,

(3) Press the [OK] button to save data to the designated folder.
(For detailed operations, see [6.4.1 (N} Export].)

7.2.2 Import

(1) Clicking the [Import] button displays a window asking a destination driver.
Designate a folder.

(2) Selecting the drive displays a window asking the directory in which the data is saved.
Designate the folder.

(3) If content of the folder is Export data of optical topography system, click the [OK]
button. This displays a list window. Click on the necessary data. Multiple
selections are acceptable.

(4) Clicking the [OK] button adds the designated data to the database.
(For details, see [6.4.1 (O) Import].)
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Section 8 Message List / Troubleshooting

8.1 Category of Dialog Display

Hardware Connection Errort Can't measuns
Plensge refer the manual
{ Warning No.14 }

Category jaj

8.2 Error Messages

Table 8.1 List of Error Messages

Fig. 8.1 Dialog Display

]
]
]
3
]

No.

Message

Description

Action to be taken

Can’t delete the folder!
IPlease refer to the manual.
Error No.1)

When deleting patient information,
deleting the folder that saves
measurement data of the patient
has not been completed.

[The process can be continued since
there is no problem even if the folder
remains.

ICan’t delete the files in the
BSpecified folder!

[Please refer the manual.
(Error No.2)

‘When deleting patient information,

imeasurement data of the patient
thas not been completed.

[The process can be continued since

ldeleting files in the folder that savesithe file is forced to be overwritten.

Can't print out the screen!
[Please connect the printer.
(Error No.3}

[Hardcopy of each screen has not
heen completed.

Check connection with the printer.

[Hard disk is full!

{Error No.4)

[Please delete unneeded data.

Hudgment when starting
measurement tells that the number
lof data files is too much or the data
ifile is too big,

Check free space of the hard disk.
[Or delete unnecessary files.

¢ o ¢ a0 o

Connection time out error
occurred!

IPlease refer to the manual,
(Error No.5)

When sending a command to the
IDI.A or DRV board or receiving

the board so communication has
lbeen canceled.

Check the DLA, DRV board and
backboard. Make contact with the

data, no response was received from jservice personnel.

o

Hardware control failed!
[Please refer to the manual.
( Error No.6 )

lAn error other than communication
timeout oceurred.

Check the DLA, DRV board and
backboard. Make contact with the
service personnel.

g

Can’t communicate with the
DLA-PCB!

[Please refer to the manual.

(Error No.7)

In the adjustment process, an error
loceurred in data communication

with the DLA board.

Check the DLA, DRV board and
backboard. Make contact with the
service personnel.
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Class

No.

Message

Description

Action to be taken

Can’t save the data!
[Please refer to the manual.
{Error No.8)

With the file name designated, the
file could not be opened.

[Retry saving with another file name.
Or, if retrying is unsuccessful, reboot
the system. Make contact with the
service personnel.

Error No.24)

_6 9 [Can't save the parameter With the designated parameter Retry saving with another name.
data! mame, the parameter file eould not [Or, if unsuccessful, reboot the
Please refer to the manual.  |be opened. system.
(Error No.9) Make contact with the service
ersonnel.
_a 10 [Can't read the parameter With the designated parameter [The file is broken or file itself may
data! name, the parameter file could not [not exist.
[Please refer to the manual.  |be opened, or content is broken. IMake contact with the service
Error No.10) ersonnel.
_G 11 |Can’t discard the page for the [Resource leaks. [Reboot the system. If it is still
tah! displayed after rebooting the system,
IPlease reboot the system. imake contact with the service
Error No.11) ersonnel.
_g 12 [Can't create the data file for [When preparing measurement Clean up the disk to make sure of
the measurement! start, the process failed to make free space.
Please set the measurement |sure of measurement data area. [Reduce measurement time so as to
time shorter. reduce the number of measurement
(Error No.12) data, or widen sampling interval.
g 13 |Can’t save the preset data! When registering position of the With another file name, retry saving
[Please choose another name [probe, probe unit position brocess.
for the preset data. information could not be registered. [If it is still displayed, make contact
{Error No.13) with the service personnel.
_6 14 KCan'’t save the data! In the data file saving process, the [With ancther file name, retry the
IPlease refer to the manual.  [data couid not be saved. saving process.
Error No.14) If it is still displayed, make contact
iwith the service personnel.
_6 15 {Can’t read the data! In saving a data file, format of data [Retry the loading process.
Please refer to the manual.  [saved is abnormal or no file exists. {If it is still displayed, make contact
Error No.15) with the service personnel.
_a 16 |Auto Gain Time out! lAuto Gain is timed out. Retry the Auto Gain process.
Please refer to the manual.
Error No.16)
_ﬂ 17 [Can't copy Export files. Export data cannot be copied. lCheck if the destination drive is not
(Error No.17} write-protected, or there is ample
free space.
——g 18 [Can't execute 3D Space 3D Space cannot be executed. Make contact with the service
rogram.( Error No.18) ersonnel.
_6 19 |Can't read the file The file [3DSpaceTempFile.etd] Retry 3D position measurement.
[3DSpaceTempFile.etd] cannot be loaded.
IPlease refer to the manual.
{Error No.19)
° 20 [(Non} Can't create the data  [Measurement data cannot be Make sure of free space for the hard
file for the measurement! created. disk. Or delete unnecessary files.
IPlease refer to the manual.
KError No.20)
_6 21 |Failed in cutting out the The process failed to cut Retry the cut process. If it is still
Imeasurement data. measurement data. displayed, make contact with the
Error No.21) ervice personnel.
_6 22 |Can't execute the program. [The program cannot run. IMake contact with the service
Error No.22) ersonnel.
Q 23 [Bitmap File Out Error. IThe process failed to extract the [Reboot the system. Ifit is still
Error No.23) bitmap file. displayed after rebooting, make
contact with the service personnel.
_g 24 Bitmap file Memory Error. IBitmap file memory has a trouble. [Reboot the system. If it is still

displayed after rebooting, make
contact with the service personnel.
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Q
-]
&
[

No.

Message

Description

Action to be taken

26

Bitmap file Create Error,
(Error No.25)

IBitmap file creation failed.

[Reboot the system. If it is still
displayed after rebooting, make
contact with the service personnel.

26

Bitmap file Open Error.

Bitmap file open failed.

Make sure of free space for the hard

Error No.28)

(Error No.26) disk. Or delete unnecessary files.
27 AV file Initialize Error. IAVT file initialization failed. [Reboot the system. If it is still
Error No.27) displayed after rebooting, make
contact with the service personnel.
28 AVT] file Write Error. IAVI file write failed. Make sure of free space for the hard

“disk. Or delete unnecessary files.

6e 8 © O

29

LAN Connect Control Error.
KError No.29)

ILAN eonnector control has a
troubie.

If it is displayed several times,
rreboot the system,

8.3 Warning Messages

Table 8.2 List of Warning Messages

Clasg|No. Message Deseription Action to be taken

A | 1 [Wrong file format! 3D position data file format is not  [Reselect a correct file.
Please choose the right formatjcorrect.
file.

(Warning No.1)

_ﬁ 2 [Can't find the current subject |File manager window is opened [Register a new patient.
D! with unregistered ID or wrong ID. |Change ID.
IPlease refer to the manual.
Warning No.2)

B 3 [The patient ID is empty! Edit box to set patient ID is void.  [Set patient ID.
IPlease set the patient ID.
Warning No.3)

A 4 [The output file is not set! In the File Out, file to be outputted [Designate an output file.
IPlease select the output file. [is not designated
(Warning No.4)

i& 5 [Can't find the analyzed data! [The [STARTI button is clicked when [Change parameters and so on so that]
Please set the adequate no analysis data exists due to failed [the analysis process normally ends.
lanalyzing parameters. analysis process.

Warning No.5)

3 6 [Wrong value is set! In the dialog for calculating Enter a normal setting.
Set the right value. standard variation (Maintenance
Warning No.6) mode), the setting is not correct.

A 7 (Can’t change ID! When changing patient ID), the Change it to another ID.
IPlease choose the other ID.  [same ID has already exist.

Warning No.7)

& 8 [The name for the frame When saving the frame position, the|Set a name to be saved.
position set is not defined! name to be saved has not been set.
Please define the name.

Warning No.8)

ﬁ 9 [The head shape can't be The head shape basic data file In 3D topo, the shape of head is not
displayed! cannot be loaded. displayed. It is displayed when the
[Please refer to the manual. file is deleted, so make contact with

Warning No.9) the service personnel.

_?_t‘ 10 |A time greater than the total [The position to which the mark is to|{Change it to a position that can he
time ia selected! be moved is set behind the end set.
IPlease select a time less than |position.
the total measurement time.

Warning No.10)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 5 C?
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Class

No.

Measage

Description

Action to be taken

11

A time before the start time i

elected!
E}ease select a time after the
easurement start time.
(Warning No.11)

The position to which the mark is to
lbe moved is set ahead the start
position.

Change it to a position that can be
lset.

12

Mark position ig at the same
time as another mark!
IPlease choose a position that
has no other mark.

Warning No.12)

Position to which mark is to be
moved is duplicated with another
mark.

Change it to a position that can be
set.

Can't analyze!
Check the analyzing
parameter.

Warning No.13)

'When changing analysis
parameters, the process cannot
proceed to the analysis process.

Set parameters to those with which
data can be analyzed.

14

Hardware Connection Error!
Can’t measure!

[Please refer to the manual.
(Warning No.14)

When booting the system, hardware
lis not connected or powered.

Check if the hardware is powered.
Or check connection with hardware.

—
e

[nitialization error with
RS-232C!

IPlease refer to the manual.
(Warning No.15)

[nitialization of RS-232C serial port
failed.

[Reboot the system since the setting

has been rewritten to an abnormal

value or PC is abnormal.

If it is still displayed after rebooting,

make contact with the service
ersonnel.

16

Interpolation for 3D
visualization failed!

IPlease refer to the manual.
Warning No.16)

Tn the 3D spline, interpolation
failed.

Since it occurs when measurement
channel is wrong, retry to measure
3D position data.

17

Interpolation for 3D
visualization failed.

[Please refer to the manual,
Warning No.17)

[n the 3D 3rd cycle spline,
interpolation failed.

[Retry to acquire 3D position
linformation.

18

Save Count Over!
Set the number less than 10.
(Warning No.18)

When registering probe set position,
the number of probe set exceeds the
limit.

Maximum positions must be below
10. Register below 10.

19

The name for the probe
position is empty!

[Please define the name for the
probe position set,

{Warning No.19)

[When registering or deleting probe
set position, probe set position
registration name has not been
entered.

Enter probe position name.

20

[The specified name of the
robe position set doesn’t
oxist.

IChoose the existing name of
the probe position set.
Warning No,20}

When deleting a probe set position,
the name designated does not exist.

Designate a probe position name
that exists.

21

Please set the time under [m].
Warning No.21)

Set the time under message time.

\Set the time under message time.

22

L=4 >

The name for the definition of
the parameter is empty.
Please input the name.
(Warning No.22}

When registering and deleting a
[parameter set, the parameter set
registration name is not entered.

[Designate the parameter set name.

23

The specified name does not
lexist.

[Please choose an existing
name.

in judgment when deleting a
parameter set, the parameter set
mame for deletion is not entered.

Designate the parameter set name.

Warning No.23)
L 24 [Tap cannot be even. Tap will The number of filter taps must be  [Set an odd number.
utomatically be set to an odd [edd.
Eumber.
Warning No.24)
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Class

No.

Message

Description

Action tc be taken

25

The set value is cut of the
limits.

The appropriate value is
lautomatically set,
(Warning No.25)

et value is out of the limit, so it is
lautomatically corrected.

26

Probe Set has not been done!
[Please execute Probe Set
before the measurement.
Warning No.26)

Probe Set has not been completed.

Execute Probe Set before
Imeasurement.

27

=

IPreset has not been done!
IPlease execute Preset before
the measurement.

Probe Set has not been completed.

Execute Probe Set before
imeasurement,

kxport point.
{Warning No.29)

Warning No.27)

_ﬁ 28 (Patient Information is Patient information differs. Select correct patient information.
different.
(Warning No.28)

3 29 KNG It is short of size of the |Extraction peint is too short. Take the extraction point longer.

30

iCan't find Export TBL file.
(Warning No.30)

Export TBL file can not be found.

IDesignate the folder exported,

31

There is not enough disk
ispace to perform this function.
(Warning No31)

There is no sufficient free space in
the destination medium.

IMake sure of free space of the
destination hard disk. Or delete
unnecessary files.

B L b

32

The PreSet data is not
corresponding to 3D-Position
data, Please refer to the
Imanual.

(Warning No.32)

33

k>

The Integral Analysis could
mot be done using the Body
Movement processing.
iCheck the parameters.
(Warning No.33)

lAnalysis was not executed due to
body movement.,

IRe-set Integral analysis parameters,

34

Export type is different.
(Warning No.34)

Export data type is wrong,

Correctly designate files Hb
[Exported or Exported.

[ b

35

The Integral Analysis could
mot be done.

iCheck the parameter.
(Warning No.35)

[No analysis has been executed.

[Re-set Integral analysis parameters.

36

[Pre, Recovery, and Post times
overlap.
(Warning No.36)

IPre, Relax and Post time overlap.

Set values so that Pre, Relax and
[Post time do not overlap each other.

37

Setting is illegal.
(Warning No.37)

ISetting is wrong.

[Retry extracting data.

38

b b b

The privilege of Windows 2000
'was not able to be changed.
{(Warning No.38)

IThe privilege of Windows2000 could
not be changed.

Make contact with the service
personnel.

39

L/

IA set location overlaps with
[PreScan data. Please select
the position which does not
loverlap.

(Warning No.39)

1A set position overlaps with PreScan|
[data.

IDesignate any section other than
PreScan.

40

=2

The set value is out of the
limits.
(Warning No.40)

41

k>

Failed in the copy of the 3D
position data.

3D position data copy failed.

IMake sure of free space of hard disk.
Or delete unnecessary files.

KWarning No.42)

{Warning No.41)
A | 42 [Probe information is different. [The file could not be copied due to  [Select correct information file.
The file cannot be copied. different probe information.
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]

No.

Message

Description

Action to be taken

L=

43

Start Point cannot be set in
the PreScan section.
(Warning No.43)

PreScan section.

The start point cannot be set in the

[Designate any secticn other than
PreScan.

t>1

44

IEnd Point cannot be set in the
IPreScan section.
Warning No.44)

iPreScan section.

[The end point cannot be set in the

[Designate any section other than
PreScan.

45

IPlease select a shorter time.
Warning No.45)

eagsurement time is too long. Measurement time is too long.

Set shorter measurement time,

b+ b

46

Parameter Name is illegal.
[Please change Parameter
Name.

(Warning No.46)

Parameter name is not correct.

Enter another name.

>/

47

IThe specified Mark Class does

Class again.
(Warning No.47)

[Designated mark class does not

not exist. Please set the Mark |exist.

Select any mark class that exists.

48

Moo many windows.
(Warning No.48)

Too many windows are displayed.

Close windows.
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8.4 Check Messages

Table 8.3 Check Messages

Message

Description

Action to be taken

[Didn't save the measurement
[data! Load the other data?
(Check No.1}

Displayed when attempting to load
[data without saving it after
measurement.

OK: Disposes the current
measurement data and loads selected]
data.

Cancel: Returns to its original state.

IDidn’t save the measurement
data! ’

Continue the Probe Set?
(Check No.2)

Displayed when attempting to
execute Probe Set without saving it
after measurement.

OK: Disposes the current
measurement data and cxecutes
Probe Set.

Cancel: Returns to its original state.

Didn't save the measurement
data!
Start the measurement?

{Check No.3)

Displayed when attempting
measurement without saving it
after measurement.

OK: Disposes the current
measurement data and prepares
measurement.

Cancel: Returns to its original state.

IDidn’t save the measurement
datal

(Change the type of stimulus?
{Check No.4)

[Displayed when attempting to
change stimulation mode without
lsaving it after measurement.

OK: Disposes the current
measurement data and changes
stimulation type.

Cancel: Returns to its original state.

IDidn’t save the measurement
data!

Finish the program?

{Check No.5)

Displayed when attempting to exit
this software without saving it after
measurement.

OK: Disposes the current
measurement data and terminates
this software.

Cancel: Returns to its original state.

The system will be shut down!
OK?
{Check No.6)

Displaved when attempting to exit
this software.

OK: Terminates this software.
Cancel: Returns to its original state,

The same name already
exists!

Change the name?
(Check No.7)

Displayed if the same name has
been already registered when
attempting to change patient name
in the patient information,

OK: Changes the patient name.
Cancel: Returns to its original state.

The existing file will be
overwritten. OK?
{Check No.8)

Displayed when confirming
overwrite.

OK: Overwrites.
Cancel: Returns to its original state.

The selected item will be
deleted. OK?
(Check No.9)

Displayed when confirming deletion))

OK: Deletes.
Cancel: Returns to its original state.

The default value will be set.
OK?
{Check No.10)

Digplayed when confirming the
setting to be returned to the default
wvalue.

IOK: Returns the setting to the
idefault value.
Cancel: Returns to its original state.

IDidn’t save the measurement
data!

(Change the parameter?
{Check No.11)

Displaved when attempting to
change a parameter without saving
it after measurement.

OK: Disposes the current
measurement data and changes
[parameters.

Cancel: Returns to its original state.

The parameter will be
overwritten. OK?
(Check No.12)

IDisplayed when confirming
overwrite of parameters.

IOK: Overwrites.
Cancel' Returns to its original state,

The parameter will be deleted!
GK?
{Check No.13)

Displayed when confirming deletion
of parameters.

OK: Deletes.
Cancel: Returns to its original state,

The 3D Space data will be
deleted! OK?
{ Check No.14)

3D Space data will be deleted.

I0OK: Deletes.

Cancel: Returns to its original state.

The 3D Space data 1s changed.
Load the 3D Space data?
{ Check No.15)

3D Space data has been changed.
Do you wish to load 3D Space data?

OK: Disposes the current data and
loads a new data.
Cancel: Returns to its original state.

Class|No.

@1
@ 2
ORIE
ORI
Q5
2|6
Q|7
2|8
RIE
@10
[ n
212
@ |13
2y 114
@ |15
2 |16

IDidn't save the measurement
datal
Continue the Hb Export?

{ Check No.16)

Measurement data cannot be saved.
Do you wish to continue Hb Export?

OK: Disposes the current data and
loads a new data.
Cancel: Returns to its original state.
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Overwrite?

{ Check No.17)

exists. Do you wish to overwrite?

Class|No. Message Description Action to be taken
@ 17 [This File name already exists. |A file of which name is the same OK: Overwrites,

Cancel: Returns to its original state.

&

18

The probe position is changed.
OK?
{ Check No.18)

Probe position has been changed.

IOK: Disposes the current data and
exits,
Cancel: Returns to its original state.

4

19

'The parameter is changed.
OK?
( Check No.19)

The parameter has been changed.

OK: Disposes the current data and
exits.
Cancel: Returns to its original state.

@

20

Change the type of stimulus?
( Check No.20)

Stimulation type has been changed.

OK: Disposes the current data and
lexits.
Cancel: Returns to its original state.

e

21

IThe program will end! OK?

'The program will end.

OK: Exits.

( Check No.24 )}

( Check No.21) Cancel: Returns to its original state.
i2) | 22 [Time Adjust Reset! OK? Time Adjust will be reset. OK: Resets Time Adjust.

( Check No.22) Cancel: Returns to its original state.
2) | 23 [Delete Probe Position Name? [Probe Position Name will be OK: Deletes.

( Check No.23) deleted. Cancel: Returns to its original state.
@ 24 |Pre, Relax, Post time overlaps.[Pre, Relax and Post time overlaps  [Set values so that Pre, Relax and

IStart the Analyze? with the analysis start point. Post time do not overlap.

&

25

The cut data will be removed.
OK?
( Check No.25 }

Data cut will be executed. Data
cannot be recovered. O0K?

OK: Executes data cut.
Cancel: Returns to its original state.

6

26

The 3D Space data already
lexists. Overwrite?
( Check No.26 )

3D Space data with the same name
lexists. May it be overwritten?

OK: Overwrites.
Cancel: Returns to its original state.

<

27

Do you wish to copy the 3D

Space data?
{ Check No.27)

IDo you wish to copy the 3D Space
data?

OK: Copies the 3D Space data.
Cancel: Returns to its original state.

28

The last measurement will be
cancelled. Load the new
measurement data?

{ Check No.28)

The last measurement fatled. Do
vou wish to load a new data?

OK: Disposes the current
imeasurement data and loads a new
jmeasurement data.

Cancel: Returns to its original state.

&3]

Selected file will be deleted.
Continue?
H Check No.29)

IData selected has been deleted. Do
[vou wish to continue?

OK: Continues.
Cancel: Returns to its original state.

30

lAlready exists. Overwrite?
i Check No.30)

It has already existed. Do you
lwish to overwrite?

OK: Overwrites.
Cancel: Returns to its original state.

g g

31 [The system will shutdown,  {The system will shut down. Rehoot|
IPlease restart the system. the system.
( Check No.31)
§-8 QIE-FS0242
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8.5 Probe Set Messages

Table 8.4 List of Probe Set Messages

the manual.
{Probe Set Error No.1)

No. Message Description Action to be taken
1 [Can't read the DLA & DRV  [Can't read the DLA & DRV setup  [Reboot the system. If it is still
setup data. Please referto |data. idisplayed after rebooting, make

contact with the service personnel.

Can't communicate with the
IDLA-PCB! Please refer to
the manual.

(Probe Set Error No.2)

Can't communicate with the
IDLA-PCB.

IReboot. the system. If it is still
displayed after rebooting, make
contact with the service personnel.

Auto Gain time out!
IPlease refer to the manual.
(Probe Set Error No.3)

Auto Gain is timed out.

Execute Auto Gain again.

I -

The name to save information
is not set. Please set the
name.

(Probe Set Warning No.1}

The name to save information is not|
set.

Enter the name.

k1

The number of maximum
registration is exceeded.
IPlease delete another item
when registering.

(Probe Set Warning No.2}

The number of maximum
registration is exceeded.
Delete other registration data.

There 1s no specified name.
[Please set the name.

(Probe Set Warning No.3)

Designated name does not exist.
[Register the name.

ILD broke down. <<Pleage call
the service person>>
(Probe Set Warning No.4)

ILD is broken.

Make contact with the service
personnel.

The existing file will be
overwritten. OK?
(Probe Set Check No.1)

IM=zy this file be overwritten?

OK; Overwrites,
(Cancel: Returns to its original state.

The selected item will be
deleted. OK?
(Probe Set Check No.2)

May the file selected be deleted?

OK: Deletes.
Cancel: Returns to its original state.

The probe position is changed.
Continue?
(Probe Set Check No.3)

Probe position has changed. Do
you wish to continue?

(OK: Disposes the eurrent probe
[position and continues.
Cancel: Returns to its original state.

I.D} broke down. Continue?
lk<<Please call the service

person>>
(Probe Set Check No.4)

ILD is broken. Do you wish to
continue?

IOK: Continues.

[Cancel’ Returns to its original state.

Make contact with the service
ersonnel.
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Sectiond Cautions in Moving Equipment

Section 9 Cautions in Moving Equipment

To move equipment safely, observe the following items.
9.1 Moving Equipment

9.1.1 Preparation before moving

(1) Check if there is no obstacle on the transportation route. Remove any item to be an
obstacle against transportation in advance.

(2)  Turn off the power to the main unit and PC, and disconnect the power cable.

(3} Hook the optical fiber cables to the optical fiber cable support so that they are not
stepped or caught by wheels.

(4) Put the mouse on a place and secure so that it does not fall down. Check if the
printer is secured. Do not place the instruction manual and the like on equipment,
and bring them separately.

9.1.2 Cautions in moving equipment

(1) Release the lock of wheel stoppers at four locations when moving equipment. Press
the wide gray lever. The lock of caster swing is released as well,

(2} When passing through a narrow space, let the wheels swing for easier operation,
For longer travel, lock swing of the wheels to be back for ecasier operation.
According to the situation, press the green lever to stop swing. However, lock is
effective only when the wheels are oriented in the front/back direction.

(8) Be sure to move equipment by two persons. Moving by one person is hazardous
since equipment needs to be pulled backward in some cases and front view is poor
due to equipment itself.

(4)  Pay full attention to the feet not to be caught by the wheels. Do not hit any item
while moving (transporting) equipment or give vibration.

(5) Especially pay attention to the optical fiber cables so as not to catch any person or
article or not to be caught.

{6) Do not tilt equipment over 10°. Do not attempt to pass by any tilted place.

(7)  When passing by any place with a step such as the elevator entrance or fire door,
handle with care so as not to give vibration.

(8) After moving equipment, lock the wheel stoppers (for both rotation and swing).

8.2 Transporting Equipment

When transporting equipment using a car, special care for transportation needs to be taken
besides description in [9.1 Moving Equipment]. Be sure to order us for transportation.
Responsibility belongs to the persons who transport equipment.

9.1 196 QIE-F50242
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Sectionl0 Maintenance Check and Cleaning

Section 10 Maintenance Check and Cleaning

In using this system, perform pre-work, in-use and periodical checks and cleaning.

10.1 Pre-work Check

I Monthly Others J

Before turning on the power, check the following:

(1) Check if the sheath of system power cable is not broken or does not fall off.
If using equipment with the defect as it is, electrical shock may result.

(2) Check if the sheath of optical fiber cables is not broken or does not fall off.

If any abnormality is found, make contact with us.

10.2 Check in Using Equipment

Weekly Monthly Others

After turning on the power, check the following items:

(1) Check if there is no abnormal sound or burning smell. If any abnormality 1s found,
immediately disconnect the power cable and make contact with us.

(2) Set the fiber socket to the phantom to carry out Gain check. When CH signal display 1s
yellow in Gain adjustment by the [Probe Set] button, re-set the probe and retry check.
When it is still vellow even if repeating check, laser trouble may be suspected. Make
contact with us.

CAUTION: Never look into the laser beam.

10.3 Using Equipment after Long Storage

When using equipment not used for some period of time (a month or more), check if the
system works normally before using it.

10-1 QIE-FS0242
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Sectionl0 Maintenance Check and Cleaning

10.4 Periodical Check

Every day | Weekly

Carry out the following checks at least once every month.

¢ There is no fault on the optical fiber cables.
» There is no fault on the power cable and other cables.

* The stopper attached to wheels works normally.
When any fault is found or the system malfunctions, stop using equipment, turn off the
power and disconnect the power cable, and then make contact with us.

10.5 Cleaning Equipment

Turn off the system power and disconnect the power cable from the power outlet before
starting checks.

Use cloth soaked with mild detergent and squeezed hard to wipe off dirt, and then rub with
dry soft cloth,

CAUTION: Never use organic solvent such as thinner.

Do not apply liquid such as detergent directly to equipment.

10.6 Backup of Measurement Data

If the hard disk mounted on the main unit is damaged by any chance, saved measurement
data, analysis data and so on vanish.

At lease once a month, make a backup copy of measurement data.

For backup of measurement data, see the instruction manual.

10.7 Keeping Performance
To keep system performance, periodical maintenance is mandatory.

Please ask our service personnel who has special knowledge for periedical maintenance.

10-2 198 QIE-FS0242
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Section]l Repair, Readjustment and Disposition

(1}

(2)

(3

Section 11 Repair, Readjustment and Disposition

Responsibility on repair

When the system needs to be repaired or readjusted, ask us for it.
Responsibility belongs to the person(s) who repair(s) and readjust(s).
Order for repair

When any abnormality occurred in the system, immediately shut down the power and
disconnect the power cable from the power outlet, and then ask us for repair. We will
dispatch the service personnel for investigation and repair.

Inform us of the state of abnormality and circumstance as far as you can find.
Disposition of equipment

When disposing this system, it must be treated as an industrial waste. Be sure fo
obtain permission according to bylaws and regulations of local authority and ask the
industrial waste processor for disposition.

At this time, if disposing the main unit and accessories, make contact with us.

11-1 199 QI1E-FS0242
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Section12 Specification

Section 12 Specification

12.1 Measurement Section

80

(2

3)

(4) Topographic image measurement

Measurement items

¢ Oxygenated hemoglobin concentration change

* Deoxygenated hemoglobin concentration change

+ Total hemoglobin concentration change

Light source

¢ Semiconductor laser

» Optical intensity
Detector

¢ Avalanche diode

e Max 52 channels

2 wavelength (695 =20nm, 830 = 20nm)
Max: 18 channels each, Total 36 channels

2.0mW (per wavelength)

Max:® 16

Concurrent measurement available

The number of probes {(measurement channels) can be selected as shown below:
(This can be increased later.)

Number of Number of holders
measurement

channels 4x4 3x5 3x3x2 | (3x11)
1-probe specification 52 1
2-probe specification 48 2
2-probe specification 46 1 1
2-probe specification 44 2
3-probe specification 48 1 1
3-probe specification 46 1 1

(311 is optional)

(5) Data acquisition and display

o Data acquisition time {velocity)

e Accuracy of data acquisition time

¢ Display

12.2 Probe Holder Section

(1)
()
(3
(4)
(5)

3X 38 holder
4 X 4 holder

3% 5 holder

3 11 holder (optional)

Optical fiber cables: max 34 cables

Settable from max 0.1s

+10ms or less

(@) Hb Time Course reception, Hb display

@ 2D topographic cine images

@ 3D topographic cine images (optional)

12-1
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Sectionl? Specification

12.3 Computer
(1
(2)
(3)
(4)

Main unit
08
Application software

MO

CPU: Pentium4, 1.5Ghz, RAM:256MB, HDD:30GB
Windows2000 SP3 or higher

Optical topography software

2.3GB

For handling the computer, see the instruction manual attached to the computer.

12.4 Measurement Mode

According to use, maximum two modes can be combined.

Mode 1 Mode 2 Mode 3 Mode 4
4x4 3x5 3x3x2 3x11
Number of measurement points 24 22 24 52
Number of light sources 8 8 10 17
Number of detectors 8 7 8 16
Display Hb Time C‘ou.rse ) O O O
Topographic image O O C O

(Measurement mode 4 {3x11) is optional.)

12.5 Data Output

(1) Measurement voltage Time Course data

Text format: Patient ID, measurement parameters, measurement data, marker

information, ete.

(2)

Caleulation Hb Time Course data

Text format: Patient ID, measurement parameters, measurement data, marker

information, ete.
(3) Topographic image
Bitmap (BMP) format
Cine (AVI) format
12.6 Power Requirement
(1}
2)
(3)

(4)

Voltage
Frequency
Power consumption

Power outlet

12.7 Environment Condition
(1) Temperature
(2) Relative humidity

(3)  Atmospheric pressure

AC 100VE10%
50/ 60Hz
500VA or less

3-core outlet with grounding terminal
(Grounding resistance: 10Qor less)

+5 ~ +358°C
30 ~ 85%
700 ~ 1060hPa

12 .2 QLE-FS0242
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Sectionl2 Specification

12.8 Outside Dimensions
526(W) % 933(D) X 1,470(H)

12.9 Weight
About 130kg

12.10 Available Period
Standard available period of this system (based on our standard of legal useful life)
(1) Main unit: 6 years (if specified maintenance check is implemented)
(2) Laser diode: 3 years

(3) Commercially available components
(Refer to the useful life recommended by the manufacturer.)

The system includes commercially available components. Service parts may not be
supplied even in its useful life due to discontinuation because of model change and so
on.

In such case, you are provided with information in advance for actions to be taken,

12.11 Warranty
One year after delivery.

However, for the product delivered based on this specification, any defect caused by our
design or manufacture fault will be repaired without charge. Any trouble caused by
unreasonable handling, any trouble out of warranty or any cost incurred as a result of
additional specification will be charged.

12-3 202 QIE-FS0242
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Section 8

Software Documentation

Attachment Contents:

General INTOTIIALION «.vvvvii ettt e e et e seat s s e e s erbaa s sanrt st e nansnae s srbaens 2
ETG-4000 Software Algorithm Evaluation............cociiiiiionimi s, 3
ETG-4000 Software ReqUIFEMENS .......cocvriiiiiniiiiiiiicii st 20
ETG-4000 Software Design and Development, Quality Plan............cccoooiininniin 24
ETG-4000 Software Validation.........cco oo e et e 38
ETG-4000 Software Hazard ANALYSIS ..oociiiiiiieiririmeie i seesies e seeenresies s e siessis s 66

Hitachi regards the following as trade secrets and confidential in nature.

©2004 Hitachi Medical Corporation ETG-4000 Section &
Page 1 of 66 -
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General Information
Software Version Number: ETG-4000 Software Version 1.41e Date: July 15, 2004

Operational Environment:

Hardware platform: Pentium 1V, 1.5Ghz or greater
Operating system: Windows 2000 SP3 or later

Software Level of Concern:

The software level of concern
was determined using the

Guidance for the Content of [oes the soffware:
Premarket Submissions for

Software Contained in l
Medical Devices (5/29/98). lﬁ';:;&'ﬁ?:fg" wing of
The flowchart {included) from -

that guidance was used to €8
determine the level of concern. Comrol delivery of harmul
The ETG-4000 does not enerey

provide life support or have ves

the capacity to deliver harmful @

energy levels. It does not (Conmalreatment delivery?
control treatment or provide a

diagnosis. The device is an s =

adjunctive tool intended to be v e
used by a competent information os o basis for

. . ircatment or therapy?
professional or physician who )
exercises good judgment to =
. . - ne
interpret the information Pt vast e
presented. monitoring?
Based on these factors and a yes
formal risk analysis, we " Y——
believe that the ETG-4000 o /)
software falls under the oo o TR gaion, e e 18
category of minor concern. would a ftware could a software

R failure resudt in m il i ves
Therefore, the following death or serious vt S . [Modcrate level of
information is provided, based gy —
on Table 1 in the guidance o
document referenced above. Major lovel of
©2004 Hitachi Medical Corporatien ETG-4000 Section 8

Page 2 of 66 ,,7q
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ETG-4000 Software Algorithm Evaluation

©2004 Hitachi Medical Corporation ETG-4000 Section 8
Page 3 of 66 74 g/
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Technical Report

Evaluation of calculation algorism of Hemoglobin

(Hb) concentration change using blood Phantom

Hitachi, Ltd, Advanced Research Laboratory

Page 4 of 66
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Abstract

We investigated the calculation algorism of the hemoglobin(Hb) concentration
change through phantom experiment using human blood in the optical topography
system. We simulated hemoglobin concentration change with the light scattering
nature of living tissue and brain activation by dropping blood into phantom filled
with a Intralipid solution that has a light scattering nature. When hemoglobin
concentration changes , the strength of the reflected light that penetrates the phantom
changes. We calculated hemoglobin concentration change by measuring such change. It
was found that the calculated hemoglobin concentration change and the actual
hemoglobin concentration change are highly linear with a Determination coefficient

over 0.98,
Contents

1 Introduction ................................................................ 3

9 Methods ................................................................. 4
2-10utline of phantom eXperiment: -« = - - rsrsrarvtisiiiiaiiiariraann. 4
2-2 Calculation algorism of hemoglobin concentration +««ceerrrerrrvrveeees 5
2-3Molecular absorption coefficients of hemoglobins««--scverererrrrereanne. 7
2-4How to determine the standard state of lo +-evrrrrercaerenrenevecenss 8

3. ReSultS and diSCU.SSiOn ................................................. 9
3-1 A C ’characteristic of hemoglobin concentration changes: -« rrreerrevee 9
3-2AC evaluation with consideration of Mean Path Length -:-cccveereenen 11

4. CODClUSiOH ............................................................. 12
4-1 Conclusion ............................................................ 12
4-2 Prospects for the fUture - =« rerrreererertiaeiiiieietioteitenean s,
1 3

5., Referenceg e +cec s rar e tetieisettttetesttetatsearesscassesassranunnans 13

2

Page 5 of 66
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ETG-4000 Software Requirements

©2004 Hitachi Medical Corporation ETG-4000 Section 8
Page 20 of 66
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Optical Topography System

Software Requirements

ETG-4000

HITACHI MEDICAL CORPORATION

Tokyo, Japan

Copyright © Hitachi Medical Corporation. 2004. All rights reserved.

Page 21 of 66
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nitial revision

Approval

Checker
Author

QA department

(1)

Page 22 of 66 ]
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ETG-4000 Software Design and Development,

Quality Plan
©2004 Hitachi Medical Corporation ETG-4000 Section 8
Page 24 of 66 i
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4. SOFTWARE DESIGN AND DEVELOPMENT

4.1 Modularization Criteria and Software Architecture

Software will be divided into modules according to the basic design and

functional design,

(1) Modularization criteria

Module division in the basic design will be based on the following criteria;

(a) 1t will be divided into the basic software common to the entire system

and the application software.

{b) The application software will be divided by functions.

{(c) For application modules, it will be divided by events such as key

mput.

(2) Software Architecture

The architecture of the software will obtain by the basic design is shown in

Fig.2.

0s

MAIN PROGRAM

MAIN DISPLAY MODULE

DRIVE

|| MESUREMENT CONTROI. MODULE

.| ANALYSIS MODULE

DISPLAY MODULE

| USER PARAMETER MODULE

AJUST PARAMETER MODULE

L

DATA FILE CONTROL MODULE

Fig.2 Architecture of the software

Page 25 of 66

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(3) Program functions

(a) Operating system program (OS):
The kernel of the software, and generally will control the tasks,
Interrupts, etc.
Microsoft Windows 2000 will be used as OS.

(b} Drivers:
Drives the panel controller, transmitter-receiver controller, display of
Image and characters on the screen, option devices,etc.

(¢) Main digplay module;
It will be for data entry, control switch setting and execution process.

{d) Measurement control module;
It will be for controlling the measuring parameter setting, setting
gain automatically, measuring of data and storing measured data.

(e) Analysis module;
Tt will be for performing data analysis, storage of analyzed data,
topography generation and still topographic image storing process,

() Display module;
[t will be for performing main image display, time course display,
Topography display .fitting curve display, hemoglobin display and
Real time topography display process.

(g) User parameter module;
It will be for controlling user parameter screen, user parameter
renewal, user parameter storage and color setting process.

(h) Adjust module:
It will be for controlling adjusting user parameter screen, adjusting
parameter renewal, adjusting parameter storage and Tune up setting
process.

(i) Data file control module
Tt will be for controlling data file managing screen, file save, file

load, file copy, file elimination, file search and file sorting process.

Page 26 of 66 ¢
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 [‘6
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(4) Flowchart of program

Turn on the power

supply of the system

v

Operating system software is started

Operation by user at control panel

0S: Serves the main program with an operation

'

MAIN PROGRAM:

Recognizes switches on control panel and requests

by user.

initiation of program associated with each switch

v

0S:

Enables the program requested from the main program

'

The program is executed.

Fig. 3 Flow chart of program

Page 27 of 66
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Optical Topography System
Software Quality Plan

ETG-4000

HITACHI MEDICAL CORPORATION
Tokyo, Japan

Copyright © Hitachi Medical Corporation. 2004. All rights reserved.

Page 32 of 66
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Revision Control Table

Design department

proval

Checker
Author

QA department

D Page 33 of 66 :
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CONTENT
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1. Introduction

The following documents including Software Quality Plan have been created based on ~Ihe documen
generation standard for software validation in the design standard of Applied System Development Office”
which is required under HMC'’s Quality system.

(1) Software Requirements

(2) Software Validation Specification
(3) Software Quality Plan
{4} TestPlan

{5) Test Procedure

(6) Validation Report

Development Validation is to validate whether or not the product meets its user's requirements.
The important things are to ensure the incorporation of user's requirements into development in the
development process and to realize traceablity.
To realize the “Development Validation”, the plan aims to:
(1) Reduce the number of user's requirements that failed to be realized
{2) Detect defects by testing

2. Quality Plan

2.1 Software Design Development Procedure

2.1.1 Preparation
The ETGH40
requirements.

ser's requirements
oftware Requirements will be created after collating and analyzing user's

2.1.2 Creation of the development plan
The ETG-4000 (I evelopment plan will be created based on ETG-400
Requirements. A list of user’s requirements will be created.
The preparation method of the development plan is prescribed in the research and development
regulation (HMK C0011), the research and development specification regulation (HMK C4004).

Software

2.1.3 Creation of i cifications
The ETG-40 asic specifications will be created to realize user's requirements, based on
the ETG-400 oftware Requirements and the ETG-400( [{JEBIDevelopment Plan.

The preparati f the basic specifications is prescribed in the basic specifications regulation
{(HMK C4004)

— 1 —
Page 35 of 66
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2.1.4 Creation of the functional specifications
ETG-400 (iR nctional specifications will be created to describe functions. input/output data
for each module divided by functions based on the contents of the ETGAOOIOﬂware

Requirements, the ETG-400C- development plan and the ETG-400 basic
specifications.

The preparation method of the functional specifications is prescribed in the functional specifications
regulation (HMK C4005).

2.1.5 Manufacture
The program will be created based on the ETG-400 Software Requirements, the

ETG«-development plan, the ETG400({EIIbasic specifications and  the

ETG-4000 inctional specifications.
The preparation method of the cording is prescribed in the Coding Standard (CDM-50028B).

2.2 Verification and Validation

221 Test
Tests will be conducted following the ETG-400( IR P'an. The details are described in the

eTG-4000 [(DIEDINE F'=r.

The test results are described in the ETG400( I Test Procedure. The preparation method
of the Test Procedure is prescribed in the Test Procedure standard (CDM-S005).

2.2.2 Analysis of Test Resulis
When defects are detected in tests, the design department must analyze the reason(s) why defects
occurred and fry to prevent a recurrence of defects after all tests are conducted.

The development plan, the basic specifications, the functional specifications will be reviewed if
necessary.

2.2.3 Validation

validation in developing the ETG-400(J IS be described in the ETG-4000
Validation Report.

' mZ- Page 36 of 66
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ETG-4000 Software Validation

This section contains:
» Validation Specification
= Test Plan
= Test Procedure
= Validation Report

©2004 Hitachi Medical Corporation ETG-4000 Section 8
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Optical Topography System

Software Validation Specification

ETG-4000

HITACHI MEDICAL CORPORATION
Tokyo, Japan

Copyright © Hitachi Medical Corporation. 2004. All rights reserved.
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Optical Topography System
Test Plan

ETG-4000

HITACHI MEDICAL CORPORATION
Tokyo, Japan

Copyright © Hitachi Medical Corporation. 2004. All rights reserved.
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Optical Topography System

Test Procedure

ETG-4000

HITACHI MEDICAL CORPORATION
Tokyc, Japan

Copyright © Hitachi Medica! Corporation. 2004. All rights reserved.
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Optical Topography System
Validation Report

ETG-4000

HITACHI MEDICAL CORPORATION

Tokyo, Japan

Copyright © Hitachi Medical Corporation. 2004. All rights reserved.
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ETG-4000 Software Risk Analysis

Note to Reviewer:

Software hazard analysis is included in the overall risk analysis document. Please refer to
Section 9, Safety for the document.

©2004 Hitachi Medical Corporation ETG-4000 Section 8
Page 66 of 66
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Section 9

Safety Information

Contents:

TESE REPOTES ..cvevveieereieees e ettt e eb e s b 2 s s e e bbb en bbb 2
BioCOmMPALIDILILY 1.evveveei et 67
RISK ANALYSIS ... eoeiciiiieieat et st ce e bt s e e 68

Hitachi regards the following as trade secrets and confidential in nature.

©2004 Hitachi Medical Corporation ETG-4000
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Test Reports

Note to Reviewer:
The reports included in this section cover:

IEC 60601-1: Medical Electrical Equipment — General Requirements for Safety

IEC 60825-1: Safety of Laser Products — Part 1; Equipment Classification, Requirements,
and User’s Guide.

Test report attachments are not included for the sake of brevity.

©2004 Hitachi Medical Corporation ETG-4000
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TUV RHEINLAND
Product Safety GmbH

Am Grauen Stein

D-51105 Kaln Tl'jv

TEST REPORT
12005692 001

IEC 50601-1:1988 + A1:1991 + A2:1995

ENG0601-1:1990+A1:1993+A2:1995+A13:1996
IEC 60601-1-1:2000 / EN 60601-1-1:2001

Opticat Topography System
ETG-4000
Hitachi Medical Corporation
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page: 0 of 8 TEST REPORT A

DOC.NUM.; RED601100 IEC 60601-1 , -1-1

ggf;-_di?zou o Medical electric equipment Tl'jv

General and particular requirements for safety

Report

Reference NO. ..oceoviiiiiiecsininnee : 12005692 001

Compiled by (+ signature}........... D M. Maties e RN ST e

Approved by {+ signature} .......... : M. Strege 0

Date of ISSUB..cuvreerirvarencaannans : 2003-09-10

COMENTS. ...eveernrerernirnsrrnacnseesssns : 4B pages

This report is based on a blank test report that was prepared by KEMA using informagi A,

the TRF originator {see below}. N\ it / {
. Testing laboratory @

NBITIE ..veeeeeeseeresseeseeesensnnrrsennses : TUV Rheinland Japan Ltd., Yokohama Laboratory

AArESS covrerererirr e rrneaeaaane . 1-26-10, Hayabuchi, Tsuzuki-ku, Yokohama 224-0025, Japan

Testing l0cation ......cooviiereienninens : as above

Client

NAENE cvvvvermaeeesesisinnivassnssserrsnensns - Hitachi Medical Corporation

AdOIBSS ...veoomeeiaraernenemesirsabiaes . 2-1, Shintoyofuta, Kashiwa-shi, Chiba-ken, 277-0804, Japan

Test specification

SEANAATT e evrrereeeereeeeesseenesnenneeens -+ [EC 60601-1:1988 +A1:1997 + A2:1 995

EN 60601-1:1990+ A1:1993 + A2:1995+ A13:1996
IEC 60601-1-1:2000 / EN 60601-1-1:2001

Test procedure ....ccooovevvenecnnennnis : TUV Test Report

Procedure deviation..........ccooeaeens : NA.
. Non-standard test method ........... . N.A.

Test Report Form/blank test report

Test Report Form No. ..ot : 1601-1_C/97-07 /1601-1-1_A

TRE originator....coevveeeeeecsnininarnes : UL

Master TRE .oooovvivianienaineeeeene -... : dated 97-04

Copyright reserved to the bodies participating in the Committee of Certification Bodies (CCB) and/or the

bodies participating in the CENELEC Certification Agreement (CCA).

Test item

DESTTIPUON ceeerveaiirrnnssrrnrersrnres . Optical Topography System

Trademark ..o, : Hitachi

Maodel and/for type reference......... : ETG-4000

ManUfaCturer ......ocvvivvremmeevenianns : Same as client

FACTOPY reneivrvrenieneerrrsmaeamininass : Same as client

Bating{s)...ooovooroieirmin e . 230V-, 50/60Hz, TO0VA

Pagedof 8t
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12005692 001 Page 2 of 48 A

TUV

IEC 60601-1

Particulars: test item vs. test requirements

Classification of installation and use ... . transpertable / portable / stationary / mobile / fixed
| permanenttytrstalted / hand-held
SUPPIY COMNECTION «.eovvnrrrenimarssenses s . internatly-powered [ permanentlyinstated /

appliance coupler / ren-detechable-cord

Test case verdicts

Test case does not apply to the test object..........: N{.A.)

Test item does meet the requirement .............eeee : Plass)

Test item does not meet the requirement............. : Flail)

Testing

Date of receipt of testitem ..., 1 2003-03-11

Date{s} of performance of test.........occeeeriniienn 2003-08-26 - 2003-02-03

General remarks

This test report shall not be reproduced except in full without the written approval of the testing
laboratory.

The test results presented in this report relate only to the item tested.

"(see remark #}" refers to a remark appended to the report.

*{see appended table)” refers to a table appended to the report.

Throughout this report a comma is used as the decimal separator.

Brief description of device under test

This medical equipment is for measuring the oxidization in the blood on the cerebrum surface. Additionally, it
measures the amount of reduction hemoglobin at many points from change of the amount of absorption of light. In this
way it can grasp a cerebral activation state. Therefore, it is a semiconductor laser, incorporating a class 3b laser, used.
The Systern consists of a movable (casters) base rack. A metal box underneath incorporates a AC power supply
{finear transformer) and 4 switching power supplies. The equipment main unit consits of a laser unit, a PC workstation,
CRT-monitor, keyboard and mouse.

Fiber cables leading from the main unit to the patient applied parts for the measurement operations.

Accessories such as printer, have not been subject to the system safety evaluation.

The following somponents were part of the device under test:

- CRT-Monitor: Eizo Co.,

- Keyboard: Dell Co.,

- Mouse: Deli Co.,

- Workstation with CD ROM/Floppy: Dell Co.

For EN 60601-1, the Amendment A13:1996 has been fisted. However, since the described requirements are not
applicable, no further reporting is deemed necessary.

Attachments

Attachment 1: Rating label / Transport/Storage label / Laser safety markings / Label Overview 15pages
Atachment 2: Insulation Diagram / Block Circuit Diagram 7 pages
Attachment 3: Measurement Equipment List 1 page
Attachment 4; Photo Documentation 7 pages

Copy of marking plate

Refer to Attachment 1

TRF No.: 1601-1_C TRF originstor: UL

Page 5 of 81
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TUV RHEINLAND
Product Safety GmbH

Am Grauen Stein -

D-51105 Koln TUV

TEST REPORT

12004909 001
IEC 60825-1:2001, Edition 1.2
EN 60825-1:1994+A11:1996+A2:2001
Safety of laser products — Part 1. Equipment
classification, requirements and user’s guide

Optical Encephalography System
ETG-4000
Hitachi Medical Corporation

Page 52 of 81
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L

Produktsicherheit und -qualitat TUV 0V Rheinland
Product Safety and Quality Berlin Brandenburg

Priifbericht - Nr.: 12004909 001 Seite 1 von 14
Test Report No. Page 10f 14
Auftraggeber: Hitachi Medical Corporation

Client: 2.1 Shintoyofuta, Kashiwa-shi, Chiba 277-0804, Japan

Gegenstand der Priffung: Optical Encephalography Systerm

Test item:

Bezeichnung: ETG-4000 Serien-Nr.: Engineering
Identification: Serial No. Sample
Wareneingangs-Nr.. 3028121 Eingangsdatum: 11.03.2003
Receipt No.: Date of receipt:

Priifort: TUV Rheinland Japan Ltd., Yokohama Laboratory

Testing location: 1-26-10, Hayabuchi, Tsuzuki-ku, Yokohama 224-0025, Japan

Priifgrundlage: IEC 60825-1:2001, Edition 1.2

Test specification: EN 60825-1:1994+A11:1996+A2:2001
Safety of laser products — Part 1. Equipment classification, requirernents and
user's guide ‘

Prifergebnis: Der vorstehend beschriebene Priifgegenstand wurde gepriift und
entspricht oben genannter Priifgrundiage.

Test Result The a. m. lest item passed.

Priflaboratorium/Testing Laboratory kontrolliert/checked by

gepriift/fested by’

27.06.2003  E. Riechert 27.06.2003 U. Bast
i fo

Datum Name Unterschrift Datum Name L7 Aaterschwitt
Date Name Signature Date Name Signature

Sonstiges/Other Aspects:

A standard update according to 1EC 60825-1:2001, Edition 1.2 was performed.

The equipment was tested as delivered, assembled and set by the manufacturer.

Dleviations from the set parameters and fautt conditions have not been applied for.

The tested parameters and settings represent the normal operation conditions as adjusted by the manufacturer.

Attachments:  Attachment 1: Labeling instruction
~ Attachment 2: Description of safety interlock system
Attachment 3; Photo documentation

Abkiirzungen: ok/P = entspricht Priafgrundlage Abbreviations: ok/P = passed
fail/F = entspricht nichl Prifgrundiage fait/F = faifed
n.a /N = nicht anwendbar na./N = notapplicable

Dieser Priifbericht bezieht sich nur auf den o.g. Priiffgegenstand und darf ohne Genehmigung der
Priifstelle nicht auszugsweise vervielfaltigt werden.
This lest report retates 1o the a. m. test item. Without permission of the test center this test report is not
permitted to be duplicated in extracts.

TV Rheintand Product Safety GmbH - Am Graven Stein - D - 51105 Koln - Phone: +40 271 BOB-1371 - Fax: +49 221 806-3995
Mail: trps-certification@tuv.com - Web: www_tuv com

H P SOMGROUP ST 303wrojects, TestingHITACHRHac MedicaN302812 M 12004003 001 doc
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Page2of14 0 =

IEC 60B25-1

(

Reference NO. ... :
Compiled by (+ signature).........cooc :
Approved by (+ signature}........ooees :

Date of ISSUE ..o ooeermerrrermresmsraeeees :

12004509 001
see cover page
see cover page

see cover page

Testing laboratory
20 1 1= DU U U TR UNU ORI :
AGArESS oot ;

Testing 10CatoN ... :

TUV Rheinland Japan Ltd., Yokohama Laboratory
1-26-10, Hayabuchi, Tsuzuki-ku, Yokohama 224-0025, Japan

as above

Applicant

NEITYE oo eeeeeeren s eeaceins :
‘ ALOIEES oo ir e rareree e emaeessnmnisss

Hitachi Medical Corporation
2-1 Shintoyofuta, Kashiwa-shi, Chiba 277-0804, Japan

Test specification

StAnAard ... ....ocoevmr et
Test procedure

Procedure deviation

Non-standard test method

IEC 60825-1:2001, Edition 1.2
N.A.
N.A.
N.A,

Test item

DeSCHPHON. ....c.covciemrrreercrsiirsesesien s
TrademMarK ....cooceveerreesiee e ©
Model and/for type reference ............. :
MaNUFACIUTBT ..ot :

FACIONY e e

Optical Encephalography System
HITACHI

ETG-4000

same as applicant

same as applicant

230V~ 50/60Hz 500VA

. RALNG oo essirrsnen s :

Copy of marking plate

engineering sample, no marking provided

Page 54 of 8]
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Biocompatibility Statement

The patient contact surfaces of the ETG-4000 use common materials that have been
previously tested for biocompatibility. Hitachi has the test results on file and is not aware of
any new factors that would affect the biocompatibility of the device in question.

©2004 Hitachi Medical Corporation ETG-4000
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Risk Analysis

©2004 Hitachi Medical Corporation ETG-4000

Page 68 of 81
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Risk Assessment Standard

Table -1 Risk Severity
Class Level Injury Definition
Deaths - Deaths
v Catastrophic Total Breakdown of System - Physical or mental serious injuries (Care is
necessary.)
- System or Facility burned down.
Serious Injuries - Physical or mental injuries which influence
I Critical Serious Occupational Disease daily life
Serious System Trouble - Facility catches fire.
Slight Injuries - Physical or mental injuries which don’t
I Marginal Occupational Disease influence daily life
Slight System Trouble - Necessary to cure by medical facility
- System catches fire, not repairable
Slight Injuries - Slight injury and slight pain, no scar
1 Negligible Occupational Disease - Smoke from system, repairable
Slighter than Sysiem Trouble

Table -2 Risk Likelihood

Level Likelihood Probability ( /year) (for reference)
5 Frequent 1
4 Probable I~10"
3 Occasional ~107
2 Improbable ~ 107
1 Incredible ~10°

Table -3 Risk Level

Likelihood

Severity
Table -4  Risk Criteria
Acceptable region Criteria
Intolerable region - Risk is serious and intolerable.  Risk shall be reduced.
As Low as Reasonably | - Risk shall be reduced as low as possible.
B Practicable region - Risk shall be reduced as low as reasonably practicable
L considering Risk reducing benefit and expense.
C Broadly Acceptable region | - System isn’t necessary to change.

HMK C0015 (rranslated)
Page 70 of §1
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Section 10

Performance
Contents:
Sample Data Qutput ........c..ooococoocoereococrio 2
©2004 Hitachi Medical Corporaticn ETG-4000

Page 1 of 10
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Sample Data Output

Hitachi regards the following as trade secrets and confidential in nature.

©2004 Hitachi Medical Corporation ETG-4000
Page 2 of 10
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“FPhe ETG-4000 system Sample data’
Task: Right Hand Tapping

N~ Active area

Hb Time course graph
5 task Data is averaged
arithmetically. The increase of
Oxy-Hb and Total-Hb is
observed around the central
fissure.
Large increases are observed in
the left area, the opposite side to
the right hand which did the task.
This suggests that the Left motor
field activity is dominant. An
increase in the Oxy-hemoglobin
level spreading around central
fissure means that both the
motor area and the
somatosensory area are
activating.
This OT graph shows;
About 2-3sec after the task

arted, the amount of Total-Hb

“started to increase. After about

15sec, the signal reached a peak.
After the peak,the signal returns
to normal gradually.

Compared with Oxy-Hb and
Total-Hb, Deoxy-Hb change is
small. The amount of signal
change depends on task speed
or on the extent of a subject’s
concentration during the task

term.
Hb Time course graph

on the head

Questions? Contact FDA/
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2D Topo graph

+ In Topo Data, red means the
increase of blood and blue
means the decrease of blood.
According to this data, it can
be observed that Oxy-Hb
and Total-Hb around the
central fissure increase.
The opposite area (left area)
to the right hand which did
the task shows deep red. It
means there are large
increases.
Just after the start of the task,
Oxy-Hb and Total-Hb had no
remarkable change. After
15sec, the largest
concentration of deep red
appeared. After the end of
the task, the red gradually
goes pale and the 2D Topo
graph returns to its original
state before the task started.

N

N

2D Topo graph
on the head
Select: Total Hb

Questions? Contact FDA/
FOI - Page 445 of 482



““The E1G-4000 system  Sampie data
Task: Calculation Active area

Hb Time course graph

5 task Data is averaged
arithmetically. The increase of
Oxy-Hb and Total-Hb is
observed in the frontal region.

Large increases are observed
in the Broca area, the working
memory area and the thinking
area. The data also suggests
that the Left frontal field activity o
is dominant. An increase in the TR B I T . bt
Oxy-hemoglobin level e
spreading around the Broca
area, the working memory area
and the thinking area means
that the Broca area, the working
memory area and the thinking
‘rea are activating.

43 H'RAJ\_'M‘E-:J
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This OT graph shows;

About 2-3sec after the task
started, the amount of Total-Hb
started to increase. After about
20sec, the signal reached a
peak. After the peak,the signal
returns to normal gradually.

Compared with Oxy-Hb and
Total-Hb, Deoxy-Hb change is
small. The amount of signal
change depends on task speed
or on the extent of a subject’s
concentration during the task
term.

Hb Time course graph '

on the head

FOI - Page 446 of 482
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2D Topo graph

In Topo Data, red means

the increase of blood and
blue means the decrease of
blood. According to this
data, it can be observed
that Oxy-Hb and Total-Hb
in the frontal region
increase.

The Broca area, the
working memory area and
the thinking area in the
frontal region show deep
red. It means there are
large increases.

Just after the start of the
task, Oxy-Hb and Total-Hb
had no remarkable change.
After 20sec, the largest
concentration of deep red
appeared. After the end of
the task, the red gradually
goes pale and the 2D Topo
graph returns to its original
state before the task started.

2D Topo graph
on the head
Select: Total Hb

‘ Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-811 {
| FOI - Page 447 of 482 u‘%



Records Processed under FOIA Request # 2015-6635; Released by CDRH on 8-28-2015

The ETG-4000 system Sample data

Task: Name Listing

Hb Time course graph

5 task Data is averaged
arithmetically. The increase of
Oxy-Hb and Total-Hb is
observed in the frontal region.

Large increases are observed
in the Broca area, the working
memory area and the thinking
area. The data also suggests
that the left frontal field activity
is sperior. An increase in the
Oxy-hemoglobin level
spreading around the Broca
area, the working memory area
and the thinking area means
that the Broca area, the working *
memory area and the thinking
area are activating.

“—  This OT graph shows;

Just after the task started, the
amount of Total-Hb started to
increase. After about 16sec, the
signal reached a peak. After the
peak,the signal returns to
normal gradually.

Compared with Oxy-Hb and
Total-Hb, Deoxy-Hb change is
small. The amount of signal
change depends on task speed
or on the extent of a subject's
concentration during the task
term.

Hb Time course graph

on the head

Active area
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2D Topo graph

; In Topo Data, red means

p the increase of blood and
blue means the decrease of
blood. According to this
data, it can be observed
that Oxy-Hb and Total-Hb
in the frontal region
increase.

The Broca area, the
working memory area and
the thinking area show
deep red. It means there
are large increases.

Just after the start of the
task, the amount of Oxy-Hb
and Total-Hb started to
increase . After 16sec, the
largest concentration of
deep red appeared. After
the end of the task, the red
gradually goes pale and the
2D Topo graph returns to
its original state before the
task started.

2D Topo graph
on the head
Select: Total Hb

Page 8 of 10
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The ETG-4000 system Sample data

Task: Visual Stimulus (Checkerboard pattern reversal)
Active area

Hb Time course graph ” ‘

5 task Data is averaged
arithmetically. The increase of
Oxy-Hb and Total-Hb is observed
in the occipital region.

Large increases are observed in
both the right and left visual areas
when a visual stimulus
(checkerboard pattern reversal) is
given. An increase in the Oxy-
hemoglobin level spreading
around the primary visual field
means that both the right and left
visual areas are activating.

This OT graph shows;

Just after the task started, the
amount of Total-Hb started to
increase. After about 15sec, the

. signal reached a peak and the
peak lasted 8sec. After the
peak,the signal returns to normal
gradually.

Compared with Oxy-Hb and
Total-Hb, Deoxy-Hb change is
small. The amount of signal :
change depends on task speed or
on the extent of a subject’s
concentration during the task term.

Hb Time course graph

on the head

Questions? Contact FDA/CDRH/O 51D at FOISTA .hhs.gov or 301- 3118
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2D Topo graph

In Topo Data, red means
the increase of blood and
blue means the decrease of
blood. According to this
data, it can be observed
that Oxy-Hb and Total-Hb
in the occipital region
increase.

The right and left visual
areas show deep red. It
means there are large
increases.

Just after the start of the
task, the amount of Oxy-Hb
and Total-Hb started to
increase. After 15sec, the
largest concentration of
deep red appeared and it
lasted 8sec. After the end of
the task, the red gradually
goes pale and the 2D Topo
graph returns to its original
state before the task started.

2D Topo graph
on the head
Select: Total Hb
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HITACHI Fax

HITACHI MEDICAL SYSTEMS AMERICA, INC. Transmlsszon

DATE: 8/29/04 Page 1 of 8

TO: Michel Janda Fax: 301-827-4350

COMPANY: FDA

cc:

FROM: Doug Thistlethwaite Telephone: 330.425.1313
Fax: 330.425.1410

SUBJECT: 510(k) K042501 Responses REF#:

The documents accompanying this lelacapy Iransmission contain confidential information balonging to the sender which is legally priviteged. The
informatian is intended enly for the use of the individual or antity named above. If you are not the inlended recipient, you are hereby nolified that any
disclosure, copying, distribution o7 the taking of any aclion in reliance on the cantents of this tetecopy's information is striclly prohibitad. i ¥YOU have
received this telecopy in error, piease immediateiy notify us by telephone to arrange for refurn of the anginal documents to us.

Dear Mr. Janda,

The revised documents that you requested are included, except the technical paper
references. Those will be emailed to preserve readability.

The full package wili be mailed Separately as you requested.

C?
? F RH RH-F TAT -796-811
Questions? Contact FDA/CD /OCE/DID at CD -FOISTA US@fda.hhs.gov or 301-796-8118
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HITACHI

HITACHI MEDICAL CORPORATION, INC.
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

September 29, 2004

Food and Drug Administration

Center for Devices and Radiological Health
Document Mail Center (HFZ-401)

9200 Corporate Blvd.

Rockville, MD 20850

Re:  Special 510(k) Device Modification (K042501)
Hitachi ETG-4000 Optical Topography Systemn

To Whom It May Concern:

The attached documents are provided to answer discrepancies noted by the 510¢(k) reviewer.
Please contact me if there are further questions or concerns.

Refer to page 2 for the list of documents and comments.

Sincerely,

|2 S A e

Thistlethwaite
Official Correspondent, Hitachi Medjcal Corporation
(330)-425-1313 x3720
thistlethwaited@hitachi.com

©2004 Hitachi Medical Corporation ETG-4000 Revisions 092904
Page | of 2

/0
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Change Request

Description/Comments

Truth and Accurate

Attachment . See revised T&A statement using standard form.

Statement
Device Name in 510(k) Attachment 2. Carrected to read “ETG-4000 Optical Topography
Summary System”.

Intended use

Attachment 3. Revised using standard form.

User Manual Corrections

Attachment 4. Changed sterilization references to cleaning. See

| pages [-4 and 3-5, included.

Technical Paper references
4,5,6

Attachment 5.

Item 5 - Note that the title reference for item 5 was incorrect in
the algorithm evaluation document. The included document is
the correct reference.

Itemn 6 — The listed item was published in Japanese. The included
document is an English version on the same topic.

©2004 Hitachi Medical Corporation ~ ETG-4000 Revisions 092904

Page 2 ot 2

I
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HITACHI

Attachment 2

HITACH! MEDICAL CORPORATION

1-1-14 Uchi-Kanda, Chiyoda-ku

Tokyo 101-0047, Japan

510(k) Summary
I OHAS0O

Submitter Information

Submitter: Hitachi Medical Corporation
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

Contact: Douglas J. Thistlethwaite
ph: (330) 425-1313
fax: (330) 425-1410

Date: September 13, 2004

Device Name

Device Name;
Trade/Proprietary Name:
Common Name:
Classification Name:
Classification Number:

Predicate Device

Optical Topography System
ETG-4000 Optical Topography System
Oximeter

Oximeter

Sec. 870.2700

Predicate Device: Hitachi ETG-100, K011320

©2004 Hitachi Medical Corporation ETG-4000

Section 2
Page 2 of 4

-
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Attachment 1

PREMARKET NOTIFICATION
TRUTH AND ACCURATE STATEMENT

[As Required by 21 CFR 807.87(k))

I certify that, in my capacity as Officia! Correspondent of Hitachi Medical Corporation, | belicve
to the best of my knowledge, that all data and information submitted in this premarket
notification are truthful and accurate and that no material fact has been omitted.

LN Tl

(Sigadture)

Douglas Thistlethwaite
(Narmne)

g /?Pi/ol/

(Date)

510¢k) Number: <. oY 20|

©2004 Hitachi Medical Corporation ETG-4000 Cover Letter
Page 3 of 3

1;2,
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) Number (if known): K042501
Device Name: _ETG-4000 Optical Topography System

Indications for Use:

The intended use of the ETG-4000 is the measurement o

f relative levels of cerebral deoxy-
hemoglobin and oxyhemoglobin.

Prescription Use X AND/OR Over-the-Counter Use

(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE — CONTINUE ON ANOTHER PAGEIF NEEDED)
Concurrence of CDRH, Office of Device Evaluation (ODE)

Page { of |

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
FOI - Page 461 of 482



TORE=04 7 D O2ANMI S TASH | MED ' Cal 32088

Records Processed under FOIA Request # 2015-6635; Released by CDRH on

214 #

s34
-28-2015

Attachment 4
Section 1 Getting Started

1.7 Cautions in Handiing the System

1.7.4

Handling optical fiber cable

The optical fiber cables are important parts that transmit irradiation light to the
patient and receive reflected light to conduct it to the detectors. Observe the following
cautions so as not to damage it by careless handling.

(1
(2)
(3)
(4)

(5)
{6)
(7N

Do not bend the optical fiber cable by curvature radius of 30mm or less.
Do not pull the optical fiber cable or place any heavy article on it.
Do not hit the fiber cable with any hard object or drop it.

Use gauze soaked with alcohol to clean the tip of fiber socket and probe holder
before starting measurement.

Full care should be taken not to damage the tip of fiber socket.
When not using the optical fiber cable, set it to the phantom in the system.

When attaching and detaching the optical fiber cable to/from the system, be sure to
make contact with our sales or service personnel

1.7.2 Connecting external devices

Use "BNC cable” and “RS-232C cable” attached to the system for connecting the external
devices.

CAUTION >—
Use the external devices outside the patient environment.

The external devices used should be produets approved in response to the [EC
safety standard.

1.7.3 Cautions in operating and using the system

(1)

(2)

(4)

When any abnormality oceurred in the system, immediately stop using and shut off
the power, and then make contact with our service or sales personnel.

When net using the system for a long period of time, be sure to disconnect the power
cable from the power outlet,

Never remodel the system (hoth hardware and software) and optical fiber cables.

The personal computer used in this system is for measurement control, data
acquisition, data processing and data display. Mounting any general cemputer on
the system can cause malfunction. Do not mount such computer.

Items described in this instruction manual are subject to change without notjce for
improvement.

1-4 QIE-F§0242
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Section 3 Preparation before Use

3.1.4 Attaching the probe holder and fiber sockets

(1) To protect infection, clean the probe holder and so on before using for the patient.
When cleaning, wipe it with gauze or the like soaked with ethanol.
Do not carry out cleaning or disinfection using chemicals or heating other than
ethanol,

(2)  Hook the optical fiber cable protection hose to the hanger while using it.

If the tip of fiber socket contact with scalp moves during measurement is pulled by
the optical fiber cable due to body movement and so on, measurement data is affected
and a wrong result may be produced. Adjust the hanger so that all optical fiber
cables are bundled together at the optical fiber cable protection hose.

Attach the probe holder suitable for the objective mode to the patient.

Fig. 3.8 Attaching the Probe Holder

3-5 QIE-F50242
Page 27 of 225
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Wavelength dependence of the precision of noninvasive optical
measurement of oxy-, deoxy-, end total-hemoglobin concentration

Yurchi Yamashita, ¥ Aisushi Maki, and Higeaki Koizumi
Hitach, 0., Adverced Resemroh Cabaraiory, Harwvreus, Sailama, SH-0393, dapan

(Recuivesl 18 Ogiober 2000; accepled for publication X1 Musch 2001)

The precision of neninvasive oplical measwtement of de congentraiion chinges 1w oay-, deoxy-,

and watal-hemoglobin deprends on wavelgnpih

For estimaling the precision, we cadculated the noise

tevel of the camscenrmion changes as the unconinty in measurements wsing severnl waveicngth
paies of hght, Seven luser diodes 1664848 nm) were used simullancousty Tor spectraseonic mes
surcment f bran sgtivity during linges motor stimulanon, We also used the anslysis of error
propgalion: (rom the upcertionly in dinecl measuremenis of sbsorbance changes 10 estimale indi-
mectly the wncertainty of concentrmion changes. The measurement of the coneentration changes
made using gn B3UGHE-nm prir are twe tnwes (oay Hb) and <% wmes (deoay-Hbi more precise

than those made using an 83WTE2-mn pair.
cene. [DOT 10111807 1373401 ]

£ 2008 American Assaciaifon of Physicists in Medi.

Key words: noninvasive optical measurement, hessiog lobis, waselengih, precisiun, braim bty

L INTRODUCTION

Near-enfrared speclroscopy (NTRS) is a method for noninva-
sive  meusyrement  of  ussbe  mesbolism. cerehral
hemorrtiage.” and brain acuivay.* 7 In parsizala. the mes
suremens of brain activity has necenly becomie of mueresy nol
only to neuroscience hut adso o clinjead medicing because of
the developmen) of sevpry) meusurcment technigoes such as
fMRLF PLT," and MEG."" The advamiages of NIRS com-
parcd with Lhose techniques arc portsbility, real-time mea
surement, and docreased sensiuvily 1o sshiec! movemenl,
Thus NIRS &5 expocred 1o begome & widely uselul method
for mcasarement of bran activity.

The ongsn of nonmvasive optical measuremncat including
NIRS is the uximclcr. witich measurcs the axygen saturation
of Mmugiubm by using hemoglobin  absorpuion
specta.’ Foltowing the develepment of Uw onimeter,
NIRS has alse been used w detect the conventruiion changes
in oxy-. deoxy-, atd iowl-temoglotan due 1w melabolis
chanpes, cerchral hemorrhage, and bemn activity. Using
WIRS, several studies have developod a new mothodalagy
for numinvasive topoeruphic imaging of brain activity™ 7
snd messurement systems for this imaging '*'¥

For spectroscopic measarement of hemoglobin, wide
wavelength regions from. visible w near-nfrared are wsed.
The light within the wavelength region of S00-&4N) nm s
used for opical recording of an exposcd beain™ becwse of a
large absorption hand of bemoglobn, The oxmeler uses the
wavelength range of $00-700 am ftbr the meusurement o
hemaglobin in the carinbe or fingertip,'™ On the olher hand.
the liglt withan the oearinfrarcd regron {around 800 nm; is
satable for e nonmmvasive measurement ol the brain be-
cause of the gresler penetration throvgh the scalp and skull.
The molar absorplion coefficwnts of oxy- and deoxy-
hemoglobin'? in the near-infrarud region are shown m Fig. 1.
The ahsorption cocfficients are based vn nalural loganthms.

For Ihe noninvasive oplicsl messurement of hemoglobin,

108 Mad. Phys. 28 (65, Juns 20

(0 - 2052001 1281 5 1 10 1S 1 .00

severwl rescarchers bave developed mulliwavelenglh mea-
surement in the near-infrared segion, ™ For example, four
witvelengths (778, K13, 867, and 94 nm) arc used for mea-
suring hemoplobin and cytochrome e+ Another methnd
wairs three wasvelengibs (T8IE K05, and B3 nm) Tor U can-
cellation of nssue 5casnenng chunge that shsiructs hemoglo-
bin messurement. ™ Moreover, lwn wavelengths provide 2
simpie methid for measuring cencentralion chanpes in oxy-.
deoxy-, and txal-hemoglobin * M S0 The gt within
the wavclength region 130850 nm 15 widely used [or the
noninvasive measurement of hemoglobin by o wave-
lengths because the oxy- and deoxy - lemioglobis spectm arc
crimsed w1 an isosbestic poant sround the wavelength of 805
nm. " In general, a more scnsitive and precise measave-
mial is expocted when there s large dilferenoy i the ab.
sucplion coedlicients between two wavelengths. Thos we can
eapect better procision by the wse of wavelengths under XD
nin hecause thee staseplion coelficient of deaxy-hemogiobin
al &7 nm s four Limes larger than thar 31 the 830-nm wave-
length as shown in Fig. 1.

lascr diodes have recently bewome commercaally avail-
able nol only lor near-infrazed light (750830 nm) bol alse
Jor red liphn {630-700 nmt. Howeser, there is liile eesedrch
o esakmace the effectiveness o such red Hght m nosinvasive
mrasurement of beain wlivity, Morcover, lew studies have
shuwn a wavelength dependence of measurement precision
cxeept lor a theoretical siudy for the measutement of hermo
glohue cavgenaon salwration 0 netmal blond vessols.

In the current shixdy we estimated the dependence of enea-
surement precision of e concentration changes in hemiglo
birs on wavelengih in 2 vwo-wavelength analysis. We expen-
racntally developed o simultaneous measuremenl sysiem
using seven Jaser duwkes from rod 10 near-infrarcd light
(664 K48 nmi. The syslem uses moduistion and Jock-in de-
tection for highly sensitive spocunsoopic measurement of
brain activity. We uwsed the theoretical analysis of ereor

B 2001 Am. Assoc. Phws. Mesd. 11080
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propagation for the indirect measurement of the precision of
the conceniration changes.

il. THECRY

The two-wavclengeh analysis of hemoglobin concenkra-
uan is explained as follows. When the distance between the
incideet and detection ponts on the scalp s aboul 38 mm,
the detecnst Tight has seachicl the corebeal corex, passing

theough the sculp and the skeull. ™ The absurbunge Ay,
for  waveckength b during  rest stie s U
approsimazely.'*?
o PR
Arewiniy™ " ]"’t ”’W‘
IS
= B onari i C cantpeid T Edeunyibl W gennyiread
Figgnn ¥ Bagae 11]

where opay ) 35 the detected lipht intensiy during the rest
staws, fgpyp; 5 the iscident light imiensity, &g, ond
Egmmyiayy A Lhe molar absorpion coctficients of oxy- und
deoxy- hemoglobin al wavelength ALY €y and
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jal )

and 5pyp 1% the snenuation duc 1o scattering in bssue, Dutitg
stimulution, e oxygenation of the hemoglobin is changesl,
and ebsorbance Ay, % given as

! |n|I
At.‘v}.i.u_ “I ﬁi

= Eagalad I(:{Rl:_t'!!lill! T gyl chmlr|sﬁld+ Ay it
+ Tonnes [2]

where sti means the values dunny stinulstion, Because the
ahsacbance due 1o hemoglaban 3 aboul ten ties larger than
thar due b cytochrome aay | the main term of a, 1] 1n lissue
in the near-infrarcd region,™ we negloct the change in 4,
i ARSIING ey a1y = @aiga - SUbracang By (1) froat Eg.
{2} pves the absorbance change AA,; due to brian achvly
for tissue metabslism) as foliows,

BAn - I Lusnre
Arewrarye
e 13 Cine * Eaemay v o3 E oy {3
where
3C ey = 1 gupis ™ Ceaprmend. 4]
5€ gores ™ | Cormapii = Ctmpues 16 ()
and
AC = AT+ 3 C gucay (6

1nt By (64 AC ., means change 1n otsl-hemoglohin concen-
tration, which commesponds upprosimaely o the change in
hiooed wolume. Beoause i is difficull w deeemine the cffec-
uve path length o inside the corebral cortes. we show the
relative  comcenimtion  chabges, AC,,. ACyg,, ad
A€, in units of millimolarmilimeier. By using twe dil-
fereen wavelengths, A1 and A2, we can obtain the concentn-
tion changes by soiving Eq (3} us fallows,

- 2 g k23 A 11 € poryin 1 341020

Copmyimsy are iz concentrations of oxy- and  deoxy- A€o = I3 i

hemoplobin during e rest stwie, 4 is the effective path
iengih in tissue, 0,4, 15 the aticnuaton due o absorption {lor AC - Eonp 2310117 Enepia A (%)

cxample, cytochrome aaq) except for that by hemogloban, denny I .
i
“'E pini T 13 }] AA e e T -hﬂ'A (A2
ﬁfmﬁaﬂm,"‘ﬁﬁ?@,,: qupih dovran| ) n\tEE deuyin |l yik 1 (A ;1 [Q}
T

where cuefficient depends on wevelength siightly * Although the
o witveleagth dependence of the path lenglh may cause e
E= 2 waiatifaninz: ™ BauundiBomnl i 0 ynceriuinty it ACo0. ACay,. a1 AT,y there i liuke

Eguations {71-{10 show thut the conventritin changes in
hemeplobin are indircst measupsments calewlaled From the
direct measuwrement of Lthe absorbance changey AA,, , dnd
AA 5. The eflegive puih length snside tuowe {braing de-
pemds on wavelmngth wricily becanse Use Lssuc seatiering

Madicpl Pivysics, Yol. 28, No. 5, June 2001

inlormistion on s wavelength dependence of the salerng
cocthicrents vf scalp, skull, and brain i vive. In this analysis
we pssume Lhat the effective path length is independent of
witvekength.

H the two wawclengths are fined, the concealralion

/&
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changes are cansidered 10 e o fenction of the sbsorbance
changes, [n geneeal, ervor propagation in indirect measuree-
ment is explained as follows. The indirect measurcment £ s
deseribed by a general Tunction f ol the ditest reasuremends
x ooty

= fie,vl 1171

If Lhe direct measusement uncertaintics of &x and & ane
random and independem sach other, the uncerlainiy of the
indirect measurcment &7 s approximalely shown by the par-
nial differenial of BEg. 111§ s follows,

Aty eyt
A
By

| oy,

1121
Fha s

Asswmmg that s ancertasnties of e shsorbanee changes
lar Twe wavelergils are tandom and independent. we apply
Bgs, 470 90 10 Fag, 1121 and obtan the {allowing equations;

. & SRS
{anc.,a,r‘—lm-ﬁfi’-i-I (BBA 01
1f-"-’-'i‘-*~‘~*ill¢5m P (3
) '3 1 i
Sm-m
(88 Capu)™= | =51 lmm.n
£y . :
.| ~——‘1‘3“ ! {BAA,- ) i14]
and
) - vy Paewihd Fdomagpin? :
iﬁd(m}ﬁ‘:'—ﬁ‘“—“"‘“l !l”iﬁ 1!|“.J
{Fgereyin 17 Eamek i )
H\—E-——— f&ﬁd o (SR L1

where dAA, ), and SAA, 5, are the dires measurement un-
cengintics of the ebsorbence changes. and S8C,,,.
SAC gy - B FAC,,, meen the indirccl measurement un-
cerpmnties of the concentration changes. in hemoglobin, Ac-
corching to Eqs. 1E31-{151, the ancertainies in the concenra-
tion chunges depend on oot only e uncerlainlics in
absorbance chunges but alse on the malar absorpion el
cicnis.  These  cquations  Lhus  indicate  thin 480,
SAC gugyy - and 84 C gy depend oa the wavelength pior of A
and A2,

Hl. MEASUREMENT SYSTEM

A block drugrum of the measuremenl sysion s shown in
Fig. 2. The basic design of the modulation and the lock-m
deteclion is the same 45 a previons topographic imaging
syﬂcm'y that has (wo wavelenpihs of 780 and B3 nm. The

currens sysiem uses seven-laser diodes wilh wavelengths of

664, 692, 752, TE2, T4, 830, and H48 nm and coch hus a
power of (02 mW. Their iniensides ore modulaied sinusoi-
dally o frequencics ranging from 1.2 to 3 3 ¥He, The modu-
lation frequencies are chosen (o avord any averlap 1 ther
harmonze Mnagoeacies, The hght fom esch Laser diode can be

Madical Physics, Vol 38, Mo, 6, Juna 2009

o

1 Inlianar Laner didey

A asl | JETETPER

T HHH T -

Tabik F R | Sbery

TR e Copber [

ke -

TR R wa ! :

EEFCIN S NTTYPIOY S D
‘ M o
[T
gy tackmamp [ arp )

Bemrting cpileal

N i1

e

Hlcck ctiggram of she measgremen sysienr APD, avalanche photo-

Fus 2

uniquely identitied by the modulation frequency. After cou-
pling cach dinde by an optical fiber coupler {Mitsubushi Gas
Chemical CG3-58j. the sever-wavelenpth highl is splil 1o
two ancident omical fibers (1-mm diameiert arcanped al the
left wnet rght bemispheres. The veflecied light from cach
hemisphere 15 ecerved by deieching optaesl fiber (1
diameteri next to cach incudent fiber and connected W one of
o avalanche phelodiodes (Hamamussu C54604H} The
distance hetween the incident and detecting optical Hbers is
M1 aen on each hemisphere. This areangement allows the
simullunevas measuranen of the beaen actvities of she Jefi
and right hemispheres. The nowe squivalent power of the
avalanche photodiede is 20 W 'Hz. Each avalanche photo-
diode output is separated into seven modulaced signals, aoe
for euch witvclenglh, by seven Jock-ts amphfiess. To simal-
Lanecwsly measure boll herrispheres and seven wavebenghs,
we used 8 104zl of 14 lock-in amphifiers Bach k- amph-
fizr consists of an JC module thal acts as a phase scasitive
dotector INF Comporaticn CD-503R1). The input equivalent
poise voltge of the tockn amphifbees s 300VyHe Be.
cause e nuise voltage of the avilanche phubodiods ouipel
afler current-to-vodiage amplifier is 2 oWy He, the sensitiv-
ity of the Jock-in amplifier is esough. The tme constant of
the lock-1e amplifiers is 125 ms {the corresparding, stabiliz-
ing ueme i abowr SO0 ms). The 14 owpat signals of the
lockan amplilicrs are sent to g vampaler via & mulichannel
analeg to-dagitsl  converter  (Keithley  MerraByie  DAS-
TROLHD) wath a sampling rawe of ¥X) ms. Threugh the
maxdulation and Jock.in detectumn of abl Jeiected light, we
simultaneously oblun spocroscopic measprements  from
rach laser diode with high sensatively ngainsi stray light.
virzally no crosstalk beiween the sipnals (less thun —50
d8), no opticat Joss {no optical flier or diflfrection grating).
and no time loss (no switch].

V. MEASUREMENT OF BRAIN ACTIVITY

The purpose of us messurement o sol e clarily beain
activity txell bul 1o estimate the wavelengih dependence on
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.26 (a}
| 004
B25 o 0483
. -]
30U SN e s
L] o 04m
- 033 o I'
b i 3 X
£ 0.2X K10k mm g
£ D .
5 W % 4401 ‘
0.2 3 am
020 | Mo | ssiatien reuaatin S %003 | Boaen i viassmse Tl |
0 - 14 i ﬁ
40
01 40 s W 0 120 140 LI L T
Time g3 Time {s)
.04 {h)
Bai. 3 T oosses of detectod BEN satensily or 160-hoesd simuinion s tand
the righi hemisphane (692 and $30 am) Salid serves are measured 1nensi .03
s, Arihen eurves are Uk [ifling cerees obtained (nem e perivd ol pre- E, Wi
sod psllEmulngien 5 .
£ LM
ﬁ o
unceriainty. Thas we used a simple and well-known finges ‘E AL
motoe stimulation. The sehjeer was g 55-vear-old. righl- 2 am
handed, healthy male voluaseer. Informed consent was ob- % 3 pE . Pl
caimved from the sehjeer before s investigaton, The subjoet -ﬂ.I‘M s e g il 30
wi setthed i arelaaed comdation, o sispine posation, and kept ) b W @ e 1M 1 10

his eyes lused throughout the measurement. As the simu
latiom, b Lapped bas fAngers, the digis 113, am random order
agatnst his thumb, Rrst for the right hend and then for the felt
hand for 30 5. The measotements of the heain sciviyy resoll-
ing from this stimulstion were ngegranst 13 times for cach
hand.

The mewkprernen] pusinon is the mdpoint bebwesn U
incident and detgching  posiions. beCapsc COMCEREnND
chunges in hemogiobin inswde the cerchral vonex ure usoaldiy
ohiained Iram just below these midpoinis.’’ The measore-
menl positians for each hemisphere were anatomieally iden-
lified as finger mowor arcax by MRIM-1E

V. RESULYS AND DISCUSSION
A Absorbance change

The time courses of the deiecied light intensitics st 692
and KM nm imeeprated 13 times are shown in Fig 3 for
lefi-hand stimukaiaon at the right hemisphere. The dewecied
light intensities flucluae by about 0.01 Hz. which probably
redlects natural tissue metabatism.' 1 To extract the exact
intensity changes duc 1o brain activity (rom the Auctuation,
we show the Quclustion a3 ftting curves by using the least-
squares method for a third-order polysontial ' For the fit-
g, we usexd Lwo noostimudatzon {rest penods: one jus) be-
free stimiulation smd another after 200 relaration (pre and
posl-stimulation penaods an Frg, 31 Sinoe the while aoalyz
g period {F3s) an Big, 3 aned the flugtoaion period {abou
100F 5} are close, 1he third-oeder polynomsal Fiting 1s an ens-
patical tsettiod 1o describe e Rusuanon.

The imensity changes, cormespuanding o tie wavelength of
692 and 830 nm duwring te stmutation are positive and
ncpative. alicratively, According w the spectra in Fig. L
deoxy-hemaoglabin is more sensitive w the 692-nm lighe: on

Madizal Physics, Vol 28, No. B, June 2001

Time {3}

Fic. 1. Tiom coamses of ahsorance change foc el hand wimulalios 3 the
gt Yernusphere (12 #4492 am and (b1 830 o)

the oter hand, oxy-hemoglobin s more sensitive 1o M
830-0m light. Thus the tme courses 1 Fig. 3 probebly re-
flect oxy-hemaglobin {830 nm) and devay-hemoglobin (692
nryl W use U firing curves s [, und the measuremen
intensilies ws 1, in Eqg. (3) io obtain absorbanve changes for
eack delected tme. The time courses of the absorbince
changes in 34 ez s A4 gy are shown in Fig. 4, To estimate
thearetically the uncerainty in Use hemoplabin concentration
from the eralysis of coor propagation, we cakeulare the an-
cenainty in the measured absorbance chinge [53A4) as the
standard deviation of ihe measured absorbanve change dur-
ing the prestimulation period. The uncertainties w the -
sured absurbance changes a1 all wavelengihs are lisled in
Table ] ‘These uncertaimies ere faicy similar (ur all wave-
kengibs.

Tascr | Bxporimental unudétiniies af ahsoehmce change.

Unvertinty of abwaebince change {580

ﬁm?n-lsmd sunul gk Latr rand stiemulgtics

Wrelength Inm) WRN hinispinere at ngit bemisphae
e 000648 KIS
2 Qs 57 414012 2K
782 QU9 ALK 12
TH QM98 1008 29
TH QM 2 1IN} 18
11 Qo0% 14 0.3 00
LEL] 00K 03106k £l
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Fiy, & Changes o congemmuan of ooy Jdied curves), doony: dadad
curves), ond intal- {held meves) hemnglobus ior lef.band sumulaion u
Fad- ey, the bl hemisphér Cipsaliteraly and (Y703} the might hermisphere
fenarmlsteral); (1) neat {£1 B30 0mm piar, 151 and |g SUVTEZ i peat, fed
wned Chy RIS mm pair; (i and 1) TUNGI2- g0 pair: and ie) and () Mx
Bkl falr

§. Conceniration change in hemogiobin

Substituting e ahsechance changes i by, 13}, for ar
bilrary wavelength pwir. we obtaiped the concentration
chatges in oxy-, deaxy-, and wial-hemoglohin, In Fig. %
{leit-hansd stemaulalion} and Fig. 6 (nght-hand stimulakion) we
fizxed Al as B30 nm and showed thal the measureminl peeci-
sion 0f the concentration changes depended on the seoond
wavelength, We can clearly sec thal the unccraanty {nokse) is
reduced ax X2 iy reduced. Thew troe courses shiw thal oxy.
hemoglobbin concentralion. ncreases and deoxy-hemogiobin
concentration slightly decreases in contralaleral hemisphere.
Thite U cowrses are typscal responses Wtk mblee
stimulation. 5 For ipsilateral bermisphere, oxy- und toisl-
hemoglobin concentralion increasc at the start of samulerion
bul decay rapidly. When the BM0/7890-nm pair ix uzed, it is
difficubl to measure the coneentration changes cxeept fiw

Medical Physics, Val, 28 No, 5, June 241
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Fio. 6. Chimguy in comnirgtivn of ony- {dobicd curves), doosy {sind
curvesy and ookl [old corvesy hemoglohin e sphi-hand siinssinsnn u
Jiah tetl the dedl hemisphere (comemlmerais amd [0 {))] e right hemi
spbegs Cipaalugrsll (&3 snd 19 BINTR.0n wmin (b and g1 AHVTR2.ms
par. el and hl B¥OE2 nm parr: {di and () 3AWEEY oo pair; and (e omd
11} HHESGd-nem pmr

measwring oal-hemoplobin, However, we can find clearly
the structure of the tme epurses comespondmng 10 the 830F
92-nsh pant,

To estimate the peecision in e measunsment of concen-
traton clanges o heraoglobin cgpermentally, we caloulaind
e experimontal uncersinty i hemoglobin concenizannn
messrement s Lhe standard desaalion dunng he prestima
Lasicmne pemixd, This caleulation i similie o thal of the absor.
bance changs mentioned in part & above. We alse calculalesd
theorctical estimation of the uncerlainty by usiog the values
of 534 in Table [ and the hemoplobin absorption coclti-
cHml We Lhen pot these values into Ligs. £131-115) 1o deter-
mine the uncertainty in the concentration change. The cx-
perimentai ond theorelice]l uacertaiplics are compured n
Tuble I and show pood agreement. The measurement of the
copceniration changes by using Lhe SMV6H4-nm poir are two
limigs Coxy-FEb] e six Limes (deosy-Hb) mare presise than
(hose by uxeng the RIS Lnm poar. On the otber hangh, the

X
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Urneeramtty af coteeetmling cange in femaginten | % 10 *cmbd mom
Faghi-hany sitmulelson a1 el Feaspinee Lot kand stirwdation gl e heiesphene
Oxp-th Fray-Hb Teeal-Hb [y.Hh Deay: Hix Towal-Hin
Wavaengih bt Trenry 39,00 ‘Thanry Exp. Theoey Expr. Theory Expt Thenry Eap Teeary Lixpe.
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2 aMm A 442 kel 2 1.7% 5.4 6.53 557 fi R pNL] .49
™ ] 8 ns E54 hatcd 2128 W57 125 QA8 141 n 226

meagureirient of wial-bemoglobin conceptration s only
shightly dependent on wavelengih, Morcaver, the value of
the concentraton change in letal-bemoglobin s udependent
of the wavelength pairs (Figs. 5 and 6). Thas supgests eapen-
mentally thsl the efTective path length in the brain does not
depend on the wavelengu: (664 -830 am). The Monte Carle
simulation of the photen propagsation in e head shows ta
the siruelore of the hzad Cskin, skl ), cerehrespanal Muad, and
Beam) sirongly alfecls the distnbutson of the phiadon paib, *
Muore study s needed on the photon path in the head,

C. Estimation of aptimal wavelength pair

The first wavelength X was fixed as 430 nm and the
second wavelength dependence of the precision was esli-
maiet {Fig. 7). For the theoeemical eslimation we use
GAA L of 88baman light as 005 16 and e 53A,,, of
second wavelength 1s 0.005 24, which 1s the mean value of
S8A from 664 to 79 nm tbefi hemisphere; i phil-hand stomu-
lation). According o0 Fig. 7 the agreoment betwisen experi-
mien; and theary 15 very good. The encenainly in 1odal-
hemoglabii concentration is kess sensitive 10 this wavelenglh
region on the other hand, the eacerdinues oy oxy- and
Jeasy-bemoglobin conventrgtion sharply  drop around 80X
i amd have 4 mEmenurn st 760 mm. which gurrespunds Lo an

k

',": 0.5 Tiwar:  Enperimestsl dma i

g 0| » /!

g iz ey - _— a ! %

g Letak- Hb ——— * ! &

§E s .

g iE. (¥ ] i"'l‘
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g . e
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g e
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Wavelempih tom)

Futs. 7. Uncertaintios of comcontration chanje sgains) waveicngih in two-
wavelengilh anxlysis with %) nm and o second wmelengdn (nighs band
stitiutalios 8L JeTt hesiisphers). Uncemainties in goy- Gnidd cunish, ey
Ixalid cureel, and toeal {bold curvel bemogiobin ane shown theomelicadly
Euperimerculy mesand uncesinies ae alen shown [oay. [closed orcle),
deoxy - frioscd tianpic), and lots - (ederisk) heaxsglobing.

Madica! Physice; Vol. 28, No. B, ko 2001

absorption peak ol deoxy.bermoglobin at this wavelenglh.
Below 730 nm. the uneectainins gradually drop and bocome
siable. The most preciss measuremenl s (or deaxy-
hemaoghobin under 700 am as the second wavelenglh.

W alse used a witvelgngth of 4% pm as Al in the anady-
sis of the wavelenglh dependiencs of nstasuremen precision.
This wavelengih produces very simifar resulls o those with
130 nm as Al Although the precision n the measerement of
mokar scvvation 3s good when using the §HV664-nm pair.
e sludy 1% peeded on other activaton, such as visual,
auditory, end Language. Moropyer, the kind ol umeerianty
cslimation studicd bere can be applied 1w three-, four-, am)
multi-wavekength analysis us well,

Vi, CONCLUSION

We estimuted the wavelmgih ependenee of the measure-
mMchL Lnccriaintics {concentration changes in osy-, deoxy-,
sad wiak-hemoglobin). Using two-wavelength snalysis when
onc wavelengi is fiaed ax 830 am, we showed theosenically
and cxperimentally thal the wncenaitiics are dependent on
the wavelengih pair in oxy- and deoxy-hemoglobin meisune-
ments. Mareover, measarement of the concentration changes
Ty wsing the §30WH6L-nm paar are (wo Lnses (oxy-Hb) and six
times {deoxy-Hb more precise than those by using the B30/
TE2-nm pasr. On U other hand, the measurement of tocal-
Temuglobin concentratian is only slighdy dependent on the
witvelenglh pair,
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Wavelength Dependence of Sensitivity in NIRS for Measurements
of Different Brain Areas

Hiroki Sato and Atsushi Maki
Advanced Research Laboratory, Hitachi, Ltd.

Introduction

Concentration changes in hemoglobin (Hb) caused by neural activity can be measured in
cerebral cortices using near-infrared spectroscopy (NIRS) I3 We proposed NIR topography
in 1995 as a new noninvasive imaging modality * and have developed the system since then.
The system called ‘Optical Topography’ (OT) is commercially available (ETG-100; Hitachi
Medical Corporation). It has 10 laser diodes of two wavelengths at 780 and 830 nm and
measures relative concentration changes in oxy-Hb (AC,yy ) and those in deoxy-Hb
(ACgeoxy)- These values of ACqxy  and ACgexy are derived from the differences in
absorption coefficients of oxy-Hb (gox) and deoxy-Hb (£geoxy) between two wavelengths.

The wavelength dependence of the measurement sensitivity has lately been evaluated
using the error propagation law 3 The study suggested that the measurement uncertainties
are dependent on the differences in €44y and €4cony between two wavelengths in indirect
measurements. Yamashita and colleagues also conducted an experiment to investigate the
validity of wavelength dependence and found results supporting the prediction that a more
sensitive measurement would be achieved if we use two wavelengths that have larger
differences in &5y and acoxy between two wavelengths. That is, wavelengths shorter than
780 nm paired with 830 nm should provide more sensitive measurements of ACqyy, and
ACueoxy-

However, the experimental confirmation in the previous study seemed to be insufficient
for practical use because a structural variance in tissue is expected in different areas of the
head while they measured only motor function in the parietal lobe for one subject.
Therefore, we examine which wavelength allows more sensitive measurements among
various areas of the brain and subjects. Wavelengths of 678, 692, and 780 nm were tested as

a wavelength paired with 830 nm among various lobes in 6 subjects.

Methods

We used a system with 4 laser diodes of wavelengths at 678, 692, 780, and 830 nm. The
4 waves were guided into an optical fiber to irradiate the same point simultaneously. Each
power of waves was 1.0 mW (intensity average: 1.06 mW, standard deviation: 0.10). The
mixed light was irradiated to the head-skin, and reflected lights from tissues were obtained
using another optical-fiber at a distance of 30 mm from an irradiation fiber. The amplitude
of each wave was modulated at different frequency (1.0 ~ 2.7 kHz) to separate the detected
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signal into individua! light sources using lock-in amplifiers. The reflected lights were
detected every 500 ms using an avalanche photodiode. Four lobes (frontal, temporal,
occipital, and parietal) for 6 subjects (4 males and 2 females) were measured in 120-s
periods with no task.

The time-courses of reflected light in randomly selected periods of 30-s were analyzed in
each condition. After concentration changes in Hb were calculated using three
wavelength-pairs (678/830 nm, 692/830 nm, and 780/830 nm), the standard deviations of
ACoxy and ACeaxy Were used as the noise-level to compare the sensitivity of measurements.
The paired wavelength was fixed at 830 nm because a longer wavelength such as 848 nm

had no advantages .

Results and Discussion

The differences in noise-levels among wavelength pairs were examined in each
measurement area. The pairs of 678/830 nm and 692/830 nm showed smaller noise-levels
than the pair of 780/830 nm in all lobes, as were expected. Although the noise-level in the
pair of 678/830 nm was smaller than that in the pair of 692/830 nm in only the frontal lobe,
the pair of 692/830 nm showed less noise-level than the pair of 678/830 nm in other lobes.
The inconsistency with the previous study 3, which had shown that a shorter wavelength
such as 664 nm could achieve a lower noise-level in the parietal lobe, could be due to the
great variance of noise-level among areas and subjects. In general, the pair of 692/830 nm
achieved a stable improvement in sensitivity across all lobes and subjects.

In addition, we examined the noise-level of the reflected light at each wavelength and
found that the level at 678 nm was occasionally larger than those in other wavelengths. This
result suggests that the attenuation of reflected light at 678 nm is sometimes too strong to
measure cortical activation accurately compared with other wavelengths.

We conclude that the pair of 692/830 nm provides more sensitive NIRS measurements in
all brain lobes, making it ideal for practical use, while shorter wavelengths such as 678 nm

appear to be less suitable because of dependency on the measurement area.
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Near-infrared spectroscopy (NIRS), which can be used to detect
changes in the concentration of oxygenated hemoglobin (oxy-Hb) and
deoxygenated hemoglobin (deoxy-Hb) in tissue by using illumination at
two different wavelengths, is often applied to neninvasive measure-
ments of human brain functions. It is common to use two wavelengths
that are on opposite sides of the peint where the aptical absorptions of
oxy- and deoxy-Hb are equal (about 800 nm) but an optimal
wavelength pair has not yet been determined. In this study, we
conducted simultaneous recordings at five wavelengths (678, 692, 750,
782, and 830 nm) to determine the best wavelength for pairing with 830
nm. A theory suggests that pairing a shorter wavelength with 830 nm
can provide more sensitivity because of the larger difference in
ahsorption ceefficients of hemoglobin between two wavelengths. The
changes measured in four cortical areas (frontal, occipital, parietal, and
temporal) showed that the noise level when the 678-, 692-, and 750-nm
wavelengths were paired with 830 nm was usually lower than when the
782-nm wavelength was paired with 830 nm, which is consistent with
theoretical prediction. Moreover, the signal-to-noise ratios (8/Ns) and
wavelength dependencies of the power detected in all areas and
subjects together suggest that the 692-nm pairing had the highest S/N,
This suggests that the optimal wavelengths depend on not only the
difference in the absorption coefficients of hemoglobin but also on the
eptical properties in the measurement area, which affect the strength of
the attenuation data. The 692-nm wavelength is thus a more optimal
choice than wavelengths around 780 nm for pairing with 830 nm to
measure Hb changes induced by cortical activation. The improved S/N
enables more sensitive statistical analysis, which is essential to
functional mapping with NIKS.

€ 2004 Elsevier Inc. All rights reserved.

Keywords: Near-infrared spectroscopy; Wavelength; Hemoglobin; Cortical
activation; Sensitivity

Introduction

Near-infrared spectroscopy (NIRS) has been used for measure-
ments of biological metabelism such as concentration changes in
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hemoglobin (Hb) species (Jobsis, 1977; Jobsis et al., 1988; Wray et
al., 1988). Particularly important has been the application of NIRS
to noninvasive measurements of concentration changes in oxygen-
ated hemoglobin {oxy-Hb) and deoxygenated hemoglobin (deoxy-
Hb) related to brain functions (Chance et al.,, 1993; Hoshi and
Tamura, 1993; Kato et al., }1993; Villanger et al, 1993). Since
near-infrared (NIR) topography with multiple measurement posi-
tions was introduced as 2 noninvasive imaging medality {Maki et
al., 1995; Yamashita et al., 1996a,b), many cognitive studies using
NIR topography have been reported in various fields (Kennan et
al., 2002a,b; Minagawa-Kawai et al., 2002; Noguchi et al., 2002;
Obata e! al., 2003; Pena et al., 2003; Sato et al., 1999; Taga ct al,,
2000; Watanabe et al., 1998). In this method, the changes in the
concentration of oxy-Hb and deoxy-Hb in the cerebral cortex are
simultaneously recorded at multiple positions by using light at two
different wavelengths (780 and 830 nm}. Noninvasive NIR topog-
raphy, which has advantages such as applicability to infants, 18
expected to provide novel information on brain function (Kotzumi
et al., 1999, 2003).

The current NIR system has both future potential and current
limitations (Koizumi et al., 2003). One limitation is the signal-to-
noise ratio (S/N)—the data must be averaged to detect small
activation signals such as event-related responses (Kennan et al.,
2002b; Noguchi et al., 2002). Improving S/N sensitivity is thus one
improvement needed to make NIR topography more useful. We
have investigated wavelength selection for improving the S/N in
practical NIR measurements.

In dual-wavelength analysis, equations based on the modified
Beer—Lambert law are used (Cope and Delpy, 1988; Delpy et al.,
1988):

L ACmcy = Acéxy {il, 42)

 —fgeory (1) A1) T Bdeony (a)  Adiiz)

— 1
. S
L- ACdeoxy = Acéeoxy {41, 12)
- Eoxy (42) 'AA(M) = Eoxy (1) 'AA{AZ) (2)
E s
where
E= Cdeoxy (i1} * Boxy (42) — Edeoxy (A2) ' foxy {i1)- (3)
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The relative concentration changes (ACy i1, an and AC feoxy
(1, 42)) are expressed as the conceniration changes (AC,xy and
AC4cony) multiplied by the indefinite optical path-length in the
activation region (L), where AA, &,y and fgeox, Indicate the
logarithm of the intensity changes, the absorption coefficient of
oxy-Hb, and that of deoxy-Hb, respectively, for two wavelengths
(A1, i2). Note that we have to assume that the path-length (L) is
equal for every wavelength because accurate estimation of L is
almost impossible with this technique. Although the wavelength
dependence of L can be predicted and can make independent
measurements for multiple chromophores difficult {cross-talk), the
cross-talk effect is negligible when measuring changes only in
oxy- and deoxy-Hb (Uludag et al., 2002).

Wavelengths that are symmetric about the point where the
optical absorptions of oxy- and deoxy-Hb are equal (about 800
nm) are usually used as il and 42 (e.g., 780 and 830 nm), but
optimal wavelengths have not yet been determined. The present
study aims to improve the 8/N for hemoglobin changes expressing
cortical activation by selecting an appropriate wavelength pair for
practical use.

According to the general error-propagation law, the noise levels
in the Hb changes depend on the differences in the Hb absorption
coefficients between the two wavelengths (Yamashita et al,, 2001).
The theoretical noise levels in ACyyy and AC{.qx, depend on the
wavelengths and can be expressed as

2 ~Edeaxy ()2
{BACoy (it ) = (—EEM) (8A4 )

Edoony (1)1 2
(R Y 5 ), @

Eoxy (A 2
(SAC:lenxy (11‘2.2))2 = (_YE—(Q) (SM (il))2

—Eoxy (A1) )
+(—g—) (BA4 12y)*, (5)

where BACy (i1, sz and 8ACeaxy (11, 4z are the indirectly
measured noiselevels of ACS ., (i1 izyand A oy (11, 22)and BAA (1)
BAA 11y and §AA () are the directly measured noise levels of
AA(;[]) and AA(;'Z). ASSUmil‘lg that dAA (i1) and HAA (A2y arc
random and independent, we can calculate 8ACE., 3, a2) and
BACHeoxy (i1, 12y using Egs. (4) and (5). On the assumption that
8AA 4y and BAA (;5) are the same, using a wavelength pair
having a larger difference in the hemoglobin absorption between
the two wavelengths should provide more senmsitivity. For
example, wavelengths shorter than 780 nm paired with 830
nm should provide less noise in measurements of AC), and
AC{saxy (Koizumi et al, 2003; Yamashita et al., 2001}, Another
study using a similar theory suggests that the 780- and 830-nm
pairings are not optimal for oxygen saturation-related measure-
ments (Strangman et al,, 2003).

However, the optimal range of wavelengths has not been
determined and the effectiveness of these wavelengths for practical
use is still unclear. A previous study (Yamashita et al., 2001)
measured only motor function in the parietal lobe of one subject
although optical properties are predicted to depend on the anatom-
ical variances among subjects and areas. Although the results
supported the theoretical prediction that using two wavelengths
having larger differences in the absorption coefficients of hemo-
globin reduces measurement noise, they did not clarify the meth-
od’s practicality. On the other hand, another study (Strangman et
al.,, 2003) conducted simultancous measurements with multiple
wavelengths of 675, 691, 752, 780, 788, 830, and 840 nm. The

study, however, did not compare actual noise levels among
wavelength pairs although it concluded that pairing 690 or 760
nm with 830 nm is better than pairing 780 with 830 nm for
measuring oxygenation changes.

We think experimental examination of the Hb changes resulting
from the use of an optimal wavelength (approximately 650750
nm) paired with 830 nm is necessary to determine the practicality
of this method because simulation studies cannot venify every
possible model. In particular, the practicality of each wavelength
should be investigated by measuring the variation in the detected
light power, which depends on the transparency of the wavelength
in tissue. Moreover, the dependencies of the activation-signal
profile and S/N on the wavelengths should be examined to verify
that these wavelengths measure the Hb changes induced by the
same cortical activation.

In this study, we measured cortical activations in four areas
{frontal, occipital, parietal, and temporal} with simultaneous re-
cording using five wavelengths (678, 692, 750, 782, and 830 nm}
to find a way to improve the sensitivity of NIRS measurements.

Materials and methods
Subjects and measurement paradigm

Four subjects (two men, two women, ages 25-45) gave
informed consent to participate in this study. All subjects showed
right-handedness by the Edinburgh inventory (Oldfield, 1971).

Four stimulation paradigms were given to each subject for
measurement of the four cortical areas. To measure frontal cortex
activation, mental arithmetic tasks were used. A number from 1 to
9 was randomly presented every 1500 ms. The subjects were
instructed to calculate the running total in their head and to whisper
with minimum jaw movement the answer at the end of each string
of 10 numbers. For the occipital cortex measurements, rectangular
black-and-red checkerboard stimuli with the squares reversing
between black and red at a frequency of 8 Hz were presented.
The subjects were instructed 1o focus their attention on the fixation
cross at the center. The parietal cortices were activated using a
finger-tapping task—the fingers of the left hand were placed on the
tip of the thumb in serial order (forefinger—second finger—third
finger—little finger~third finger—second finger—forefinger). The
subjects were asked to repeat the tapping sequence as rapidly as
possible during the time ‘Tapping’ was presented on a CRT
monitor. Auditory-language stimuli were used for the temporal
area measurements. The subject wore headphones and was
instructed to carefully listen to a Japanese story presented through
the headphones while looking at the fixation cross on the monitor.
In each measurement paradigm, a 15-s stimulation period and a 30-
s test period were alternated 10 times after a 30-s rest period. All
the visual stimuli were displayed on a CRT monitor placed 70 cm
from the subject’s eyes in a dark room. During the measurements,
the subject sal in a chair and was instructed to fix his or her gaze on
the cross at the center of monitor and to concentrate on each task.

The measurement positions were determined for each subject
based on the preliminary experiments using rnultichannel NIR
topography (Optical Topography®, ETG-100: Hitachi Medical
Corporation, Japan) using the 780- and 830-nm pairings. The
positions showing significant activation in the frontal areas were
around the middle of the Fp;, F4, and Fg locations in the
international [0-20 system (American Electroencephalographic

)
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Fig. 1. Diagram of measurement system. APD: avalanche photodiode.

Society, 1994). The measurement positions in the occipital, pari-
etal, and temporal areas were determined to be around the O, Cy,
and Ty locations, respectively. In general, the locations in the
international 10-20 system have an appropriate rclationship with
cortical anatomy (Towel et al., 1993).

NIRS measurement

A measurement system with five laser diodes operating at
different wavelengths (678, 692, 750, 782, and 830 nm) was used
(Fig. 1). The five waves were guided into an optical fiber to
irradiate the same point simultaneously. The continuous mixed-
light was irradiated on the subjects’ head, and the reflected light
was detected every 100 ms using an avalanche photodiode (APD)
located 3¢ mm from the incident position. Optical fibers (diameter
of 1 mm) were used for both the irradiating and detecting lights.
The average power of each light source was 0.93 mW, and each
source was modulated at a different frequency (1.0-2.7 kHz) to
enable separation using a lock-in amplifier after detection,

Data analysis

Hb time course

The detected temporal data for the attenuation change at each
wavelength were separated into blocks consisting of a 5-5 presti-
mulation period during the resting state, a 15-s stimulation period
during the stimulation, and a 25-s poststimulation period during the
rest state. The data were baseline-corrected using the data for the 5-
s prestimulation period and the data for the final 10 s of the
poststimulation period. After eliminating the blocks with artifacts
caused by obvious motions such as a cough or sneeze, we were left
with more than eight blocks for each area and subject. Using the
modified Beer—Lambert law, we derived the concentration changes
in oxy- and deoxy-Hb [ACq.y (11, i2) and ACeoxy (11, izy] from the
attenuation data of two wavelengths [Adc;, and Ado)), one of
which was fixed at 830 nm and paired with one of the four other
wavelengths (e.g., Maki et al,, 1995). We compared the Hb time
course for the 782- and 830-nm pairs {the 782-nm pairing) with
that for the 678-, 692-, and 750-nm pairings in each area.

Activation-signal amplitude

Activation signals were statistically assessed and selected.
Assuming that the hemodynamic changes induced by the stimuli

were delayed 6 s from the stimuli onset, the shifted period of the
stimulation was defined as the activation peried. The mean Hb
changes during the prestimulation period and those during the
activation period were calculated for each block. Based on the ¢
value (paired ¢ test) between the mean Hb changes in the presti-
mulation periods and those in the activation periods, data with
significant ¢ values (P < 0.1) were selected for further analysis
using the activation signal. After the selection, the mean Hb
changes in the activation periods were used to examine the signal
amplitude and signal-to-noise ratio (S/N). We calculated the signal-
to-noise ratio by dividing the signal amplitude by the noise
amplitude.

Noise levels in Hb changes

The noise amplitude in the Hb changes was determined using
allenuation data for the first prestimulation period of 20 s before
the original data was separated into blocks, The concentration
changes in the oxy- and deoxy-Hb were derived from the data afier
it was baseline-corrected using a line. The noise amplitude was
defined as the standard deviation in the Hb changes after applying
a high-pass 1.5-Hz filter. A filtering threshold was set so as to
extract the pure system noise, eliminating the effect of spontaneous
low-frequency fluctuations and physiological signals such as
respiration and pulse signals.

Results and discussion
Detected power of reflected light

The detected power of the original reflected light (830 nm) is
shown in Fig. 2 for each cortical area. The power detected in the
frontal area differed greatly from those in the other areas, probably
because the subjects had no hair covering the frontal area. The
power detected in the temporal area was higher than in the occipital
and parictal areas, possibly due to differences in the root-of-hair
density and cranium thickness.

As shown in Fig. 3, the relative detected power was weaker the
shorter the wavelength, except for the frontal area. Compared with
the detecled power for 830 nm, those for 678, 692, and 750 nm
were 36%, 44%, and 59% on average, respectively. The power
detected in each area differed depended on the wavelength,
suggesting the need for spectroscopic study of human hair.
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Fig. 2. Mean detected power (830 nm} in four cortical areas calculated
using recorded voltage and corrected for detector’s wavelength sensitivity
and amplifier gain. Error bars indicate standard error.
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Fig. 3. Relative detected power of five wavelengths for each area comrected
for detector’s wavelength sensitivity and amplifier gain, and normalized by
data for 830 nm, Errer bars indicate standard error.

Hb time course

Using the aftenvation data for each wavelength, we calculated
the Hb time courses. The block-averaged results for each cortical
area for each wavelength pair for a representative subject are
shown in Fig. 4. The shapes of the time courses obtained with
the different wavelength pairs were similar for each area. As in

678-nm pair

692-nm pair

1557

previous studies (e.g., Sato et al.. 1999), the concentration of oxy-
Hb increased and that of deoxy-Hb decreased during the task
period in the occipital, parietal, and temporal areas. However,
increases in both oxy- and deoxy-Hb were found in the frontal
area. The variation in the deoxy-Hb could be related to variations
in the vascular system, as suggested by another study (Yamamoto
and Kato, 2002), in which similar results were found in Broca’s
area, Further studies focusing on the relationship ameng neural
activity, the fMRI signal, and the NIRS signal are needed for better
understanding of the physiological mechanism.

The ¢ tests for all subjects except one indicated significant
activation for both oxy- and deoxy-Hb in every cortical area. The
exceptional subject showed insignificant deoxy-Hb changes only
in the parietal and occipital areas. One reason for the exception
might be the possibility of variation in the deoxy-Hb changes
{Yamamoto and Kato, 2002). Another possibility is a poor 8/N for
deoxy-Hb in both areas (Table 1). The activation-signal amplitudes
for deoxy-Hb are usually less than half those for oxy-Hb (Maki et
al., 1996).

After low-pass 0.8-Hz filtering, the profiles obtained from the
four wavelength-pairs were compared. The low-pass filtering
eliminated the effects of high-frequency system noise. The
correlation coefficients (Pearson’s preduct-moment correlation
coefficient) are listed in Table 2. Every comparison shows a
significant positive correlation (P < 0.0001) for all subjects,
indicating that every wavelength pair measured almost the same
cortical area.

- Oxy-Hb — Deoxy-Hb

750-nm pair 782-nm pair

Frontal

Ccceipital

Hemeglobin change [mM - mmy]

Parietal

Temporal

Hemaoglobin change [mM - mm]

M 1 T
¢ 10 20 30 40 O 10 20

Time [s]

Time [3]

T T 1 T 1 T T T

30 40 0 10 20 30 40 O
Time [s]

10 20 30

Time [s]

Fig. 4. Block-averaged hemodynamics in each cortical area for each wavelength pair for a representative subject. All wavelength pairs were simultaneously
measured in each area. In the ‘stim” period, a stimulus was given to the subject.
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Table 1

Relative signal-to-noise ratios (5/Ns) for four areas for 782-nm pairing
calculated by dividing signal (amplitude of Hb change in activation periods)
by noise level (standard deviation during pre-activation period)

Hb species Area Relative S/N
{mean + SE)
Oxy-Hb frontal 1.00
occipital .57 £ 0.11
parietal 046 + 0.05
temporal 0.62 + 0.04
Deoxy-Hb frontal 0.64 = 0,04
oceipital 0.31 £ 0.13
parietal 0.20 £ 0.08
temporal 037 +0.10

They were normalized using Oxy-Hb data for frontal area.
SE = standard error.

The correlation coefficients for deoxy-Hb for all areas except
for the frontal area were relatively low because of the lower S/N
in those areas. The mean S/Ns for deoxy-Hb in the occipital,
parietal, and temporal arcas were about 31%, 20%, and 37%
relative to the S/N for oxy-Hb in the frontal area, respectively
(Table 1). The lower correlate coefficients for deoxy-Hb may
have resulted from the area dependence of the detected power
(Fig. 2) and a lower S/N.

Activation-signal amplitude

The activation-signal amplitudes normalized using the data for
the 782-nm pairing are shown in Fig. 5. The amplitudes were lower
for the shorter wavelengths in most cases. An analysis of variance
{(ANOVA) (wavelength pairs x areas) indicated significant effect
of wavelength pairs for deoxy-Hb [ F(3,40) = 3.65, P < 0.05]
although no significant effect for oxy-Hb [ F{3,48) = 0.97, P> 0.1]
was found. According to Egs. (1)—(3), the Hb changes (AC;, and
AC{eaxy) do not depend on the wavelength pair, but it 15 possible
that the activation-signal amplitudes were affected by a difference
in optical path-lengths (L’s) among the wavelengths.

Although the path-length (£} should be the same for different
wavelengths according to Egs. {1)-(3), it changes depending on

Table 2
Caorrelation coefficients of Hb time courses in wavelength-pairs comparison

the optical properties of the biological tissue. We defined L as the
partial path-length, which is the average path-length of light
traveling through a focal region of absorber changes (Hiraoka et
al.. 1993). To estimate the wavelength dependence of the activa-
tion-signal amplitude, we calculated the relative path-length (L) for
each wavelength, on the assumption that the path-lengths of 732
and 830 nm are the same:

Adn
Foxy (A1) X ACéxy {782, ¥30) + Edeoxy (1) X Acci::axy(nl 83(])’

(6)

LAy =

where the concentration changes for the 782-nm pairing were used
as the standard Changes [ACU,Xy (782, 830) and ACCieoxy (782, 339}] for
every wavelength to isolate the difference in amplitude of ACH,
and ACeqyy, for the 678-, 692-, and 750-nm pairings due to the
variance in optical path-length (L) from that for the 782-nm
pairing. Recent reports suggest that the partial path-length is more
appropriate than the differential path-length for compensating for
the difference in NIRS sensitivity {Okada and Delpy, 2003a,b).

The relative path-lengths (L) calculated for each area are shown
in Fig. 6. The average path-lengths for 678, 692, and 750 nm were
shorter than those for 782 and 830 nm although there were large
intersubject variances. These results indicate that the variances in
the signal amplitude might be explained by the effect of the
varying path-lengths. The large variances for 678, 692, and 750
nm would greatly affect the deoxy-Hb signal because shorter
wavelengths have a higher absorption coefficient in deoxy-Hb.

The wavelength dependence of the optical path-length might
raise concern about the cross-talk effect (Uludag et al., 2002).
Although we could not determine which wavelength pair actually
resulted in the minimum cross-talk since the L's were calculated on
the assumption that the path-lengths of 782 and 830 nm are the
same, it is important that the direction of the signal (positive or
negalive) was consistent among the wavelength pairs in each
hemoglobin and subject. This suggests that the wavelength depen-
dence of cross-talk was small enough not to cause a different
activation pattern and that the signal amplitude can be corrected
using the relative path-length when the signal amplitudes in the
782-nm pair are fixed as the standard.

Wavelength-pairs comparison Frontal (mean + SE)

Occipital (mean + SE)

Parietal {mean + SE) Temporal (mean + SE)

Oxy-Fb

678 —830/692 830 (.998 + 0.001 0934 + 0.028 0967 + 0,021 0.983 + 0.013
678 —830/750-830 0.998 + 0.001 0.937 + 0.029 0959 + 0.029 0.986 + 0.004
678 —-830/782-830 (.989 + 0.003 0509 + 0.031 0.891 + 0045 0.977 + 6.006
692 —-830/750-830 0.998 + 0.001 0.918 + 0.039 0948 + 0.038 0.985 + 0.004
692 -830/782-830 4.992 + 0.002 0.502 + 0.042 0.884 + 0.049 0.981 + 0.006
750—-830/782-830 0.993 £+ 0.002 0.909 + 0.031 0.887 £ 0.050 0.980 + 0.005
Deoxy-Hb

678~ 830/692-830 0.979 £ 0.014 0.803 + 0.081 0.730 + 0.09! 0.795 x 0.075
678 —830/750-830 0.978 + 0.006 0.824 + 0.058 0810 £ 0.070 0.782 + 0.088
678 —830/782-830 0970 £ 0.013 0.782 + 0.059 0.575 + 0.058 0.760 + 0.090
692 -830/750-830 0972 £ 0.019 0.845 + 0,052 0.760 + 0.070 0.779 £ 0.10%
692-830/782-830 0.970 £ 0.017 0.825 + 0.047 0.598 + 0.084 0.82% £ 0.054
T50—-830/782-830 0.981 £ 0.008 0.824 &+ 0.049 0.641 £ 0.076 0.801 + 0.076

Profiles after low-pass 0.8-Hz filtering were compared.
SE = standard error.
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Fig. 5. Relative mean hemoglobin changes in activation periods normalized
using data in 782-nm pairing. Each sample was intrasubject averaged data
from 6 s after onset of stimulation to end of stimulation. Error bars indicate
standard error.

The wavelength dependence of the optical path-length also
suggests that the measurement area differs among wavelengths.
Significantly, the relative path-lengths were (1) the partial path-
length in the activation area and (2) the calculated path-length
when the concentration change for the 782-nm pair was fixed as
the standard. It was not possible to determine whether each optical
path passed through the same tissue because the optical path

2678 nm  [F692nm 750 nm
W782nm  [J830mm

&
o
N

o
Y
L

Relative path-length {L)
o o
[+ -]

Area
(F: Frontal, O: Occipital, P: Parietal, T: Temporal)

Fig. 6. Relative optical path-length (L) caleulated for each block for e¢ach
subject and area and then averaged for each area. Error bars indicate
standard error.

depends on absorption and scattering net only in the cerebral
cortex but also in the skin, muscle, skull, and so on. However, the
similar shape time courses shown in Fig. 4 and Table 2 demon-
strate that every wavelength could be used to measure the same
area and that differences in the signal amplitude are due to
differences in the path-length. A simulation study examining the
dependence of the optical path on the wavelength is necessary for
further discussion.

A previous study {(Yamashita ct al., 2001) suggested that there
is no difference in signal amplitude and a similar tendency is seen
in their graphs. Another study (Strangman et al., 2003) did not
mention any dependence of signal amplitude on wavelength pair.

Noise levels in Hb change

The noise levels normalized by the noise amplitude in the 782-
nm pairing are shown in Fig. 7 for the four wavelength pairs and
four areas. The wavelength pairs using 678, 692, and 750 nm
generally produced less noise for both oxy- and deoxy-Hb in every
area. An analysis of variance (ANOVA, wavelength pairs X areas)
was used to test the dependence of the wavelength pairs on Hb
noise, It showed a significant main effect of wavelength paits [oxy-
Hb: F(3,48) = 3.36, P < 0.05, deoxy-Hb: F(3,48) = 21.90, P < 0.
0001]. Post hoc tests (Fisher's PLSD) revealed differences between
the 678- and the 782-nm pairings {oxy-Hb: P < 0.01, deoxy-Hb:
P < (.01) and between the 692- and 782-nm pairings (oxy-Hb: P <

678-nm pair 692-nm pair
750-nm pair B 782-nm pair

Oxy-Hb
2 y

1.0

0.8
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0.4 1

Relative noise level

0.2 1

-

Relative noise level
=]
5
!

N
0.4 \
N
0.2 1 %
N N
F o] P T
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(F: Frontal, O: Occipital, P: Parietal, T: Temporal}

Fig. 7. Relative noise level of oxy- and deoxy-Hb. Noise leve] was standard
deviation in rest period normalized by standard deviation in 782-nm
pairing. Levels were calculated for each subject, then averaged among
subjects. Error bars indicate standard error.
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Fig. 8. Scattering diagram of theoretical noise amplitude (horizontal axis) and experimental noise amplitude (vertical axis). F = frontal area, Q' = occipital area,

P = parictal area, and T = temporal arca.

0.05, deoxy-Hb: P < 0.01). Although a significant main effect of
area was shown in the ANOVA [oxy-Hb: F(3,48) = 17.00, P <
0.001, deoxy-Hb: F(3,48) = 2.80, P < 0.05], the interaction
between wavelength pair and arca was not significant. These
results suggest that the noise levels in the 678 and 692-nm
pairings were lower than those in the 782-nm pairing regardless
of area and subject. The dependence of the noise level on the area
was probably due to the difference in transparency between areas,
as previously mentioned.

The experimentally obtained noise levels corresponded to
those dertved from theory (Egs. (4) and (5)), as shown in Fig. 8.
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Fig. 9. Relative signal-to-noise ratio for wavelength pairs notrnalized using
data in 782-nm pairing. Error bars indicate standard error.
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The experimental and thecoretical noise levels showed signifi-
cantly high correlation coefficients (oxy-Hb: 0.99, P < 0.0001,
deoxy-Hb: 0.99, P < 0.0001), indicating that the noise levels
were properly assessed. Consequently, these results suggest that
using a shorter wavelength reduces noise levels in most Hb
measurements.

Signal-fo-noise ratio

The relative S/N levels normalized using those in the 780-nm
pairing are shown in Fig. 9. In most areas, using 678 or 692 nm
with 830 nm produced the highest S/N. An ANOVA (wavelength-
pairs X arcas) revealed a significant main effect of wavelength
pairs both for oxy-Hb [ F(3,48) = 21.90, P < 0.001] and for deoxy-
Hb [F(3,40) = 6.27, P < (.005]. For oxy-Hb, post-hoc tests
(Fisher’s PLSD) indicated a difference for every comparison (P <
06.005) except for that between the 678- and the 692-nm pairings,
suggesting that the most sensitive measurement is achieved using
the 678- or the 692-nm pairing. In contrast, post hoc tests (Fisher’s
PLSD) for deoxy-Hb revealed a difference between the 678- and
the 692-nm parings ( £ < 0.05). A difference for every comparison
(P < 0.05) except for that between the 678- and the 750-nm
pairings was demonstrated in this analysis. Therefore, it can be
concluded that the 692-nm pairing provides the highest S/N for
deoxy-Hb measurements in this system.

The S/Ns for the 692-nm pairing for oxy-Hb and deoxy-Hb
were approximately 1.52 and 1.63 times higher than those for the
782-nm pairing. Thus, the 692-nm pairing provided the highest S/
N for both oxy-Hb and deoxy-Hb in our system alithough the error-
propagation law predicts a higher $/N when using shorter wave-
length such as 678 nm. This suggests that the optimal wavelength
cannot be determined only by the wavelength (absorption-coeffi-
cicnt of Hb species)}-the optical properties of the measurement
area must be considered. Note that the optimal wavelength also
depends on the system properties, such as the irradiated light
intensity and detection device. Our results demonstrate the practi-
cality of using around 690 nm to improve NIR measurements for
brain functional study.

Conclusion

Wavelengths of 678, 692, 750, and 782 nm were examined for
pairing with 830 nm to improve the §/N of NIRS for measuring
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corlical activation. Noise levels in Hb changes decreased when
using wavelengths shorter than 782 nm, as predicted by the error-
propagation law, and the S/N was improved in most cases.
Although it has been suggested that activation-signal amplitudes
are affected by a difference in the optical path-lengths, the Hb time
courses measured using all wavelength pairs agreed well in each
cortical area. This suggests that this wavelength range can be used
to measure the same corticai area. The 692-nm pairing generally
provided the highest S/N both for oxy- and deoxy-Hb in this
system. Although the detected power of the transparent light at 678
and 692 nm did weaken in most cases, the effects of the absorption
coefficients surpassed those of the decreasing transparent light on
noise reduction for the Hb measurements. Consequently, around
690 nm is a more optimal choice than around 780 nm for pairing
with 830 nm to measure Hb changes induced by cortical activation.
The improved S/N enables more sensitive statistical analysis,
which is essential to functional mapping with NIR topography.
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510(k) “SUBSTANTIAL EQUIVALENCE”
DECISION-MAKING PROCESS

New Device is Compared to

Marketed Device *

NO Do the Differences Alter the Interided Not Substantially

YES  Equivalent Determination

Does New Device Have Same

Descriptive Information
about New or Marketed Indication Statement? % Therapeutic/Diagnostic/etc. Effect
Device Requested as Needed (in Deciding, May Consider Impact on
l YES Safety and Effectiveness)?**
New Device Has Same Intended NO
Use and May be “Substantially Equivalent” ¢ R
New Device Has O

New Intended Use

) ®

Does New Device Have Same

Technological Characteristics, NO Could the New
e.g. Design, Materials, etc.? ~—® Characteristics Do the New Characteristics
YES Affect Safety or — Raise New Types of Safety YES )
@ l Effectiveness? or Effectiveness Questions? :
A
NO Are the Descriptive NO
Characteristics Precise Enough NO
to Ensure Equivalence? @
NO
Are Performance Data Do Accepted Scientific
Available to Asses Equivalence? YES ; Methods Exist for
Assessing Effects of NO

the New Characteristics?

YES
® [

Y
Are Performance Data Available NO

Performance
Data Required To Assess Effects of New
Characteristics? ***
ES
(u) 4 @
4 ‘
»  Performance Data Demonstrate Performance Data Demonstrate
Equivalence? ———» () o M Equivalence? —<4————
YES NO

YES

NO

“Substantially Equivalent™ @
To @ Determination To

510(k) Submissions compare new devices to marketed devices. FDA requests additional information if the relationship between
marketed and “predicate” (pre-Amendments or reclassified post-Amendments) devices is unclear.

b This decision is normally based on descriptive information alone, but limited testing information is sometimes required.

Data maybe in the 310(k), other 510(k)s, the Center’s classification files, or the literature.

" Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 S
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