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510(k) Summary
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Submitter Information
Submitter: Hitachi Medical Corporation

1- I -1-4 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: Optical Topography System

Trade/Proprietary Name: ETG-4000 Optical Topography System
Common Name: Oximeter

Classification Name: Oximeter
Classification Number: Sec. 870.2700

Predicate Device
Predicate Device: Hitachi ETG-100, KO11320
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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 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.
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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.
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I"--QUA, SERVICESPublic Health Service
DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
OCT 1 2 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: 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 III (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.
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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 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://ww w.fdaagov/cdrh/dsma/dsmamain.html

Sincerely yours,

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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3~30016342 14

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.

Prescription Use X AND/OR Over-the-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFRSOI SubpartC)

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

Concurrence of CDRIf, Office of Device Evaluation (ODE)

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

51O(k) Number OfO~d/ Page I of I
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HITACHI
HITACHI MEDICAL CORPORATION, INC. y-
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 5 10(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,

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

©2004 Hitachi Medical Corporation ETG-4000 Revisions 092904
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Change Request Description/Comments
Truth and Accurate Attachment 1. See revised T&A statement using standard form.
Statement

Device Name in 5 10(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 Attachment 5.
4, 5, 6 Item 5 - Note that the title reference for item 5 was incorrect in

the algorithm evaluation document. The included document is
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 ETG-4000 Revisions 092904
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Attachment 1

PREMARKET NOTIFICATION
TRUTH AND ACCURATE STATEMENT
[As Required by 21 CFR 807.87(k)J

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

Douglas Thistlethwaite

(Name)

(Date)

5 10(k) Number: K- CI so 2

©02004 Hitachi Medical Corporation ETG-4000 Cover Letter
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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. Thistlethwaite
ph: (330) 425-1313
fax: (330) 425-1410

Date: September 13, 2004

Device Name
Device Name: Optical Topography System

Trade/Proprietary Name: ETG-4000 Optical Topography System
Common Name: Oximeter

Classification Name: Oximeter
Classification Number: Sec. 870.2700

Predicate Device
Predicate Device: Hitachi ETG-100, KO11320
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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.

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)
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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 it 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 gauze 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 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 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 notice for
improvement.

1 - 4 QIE-FS0242
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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-FS0242
Page 27 of 225

FOI - Page 15 of 482

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

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



Attachment 5

Wavelength dependence of the precision of noninvasive optical
measurement of oxy-, deoxy-, and total-hemoglobin concentration
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4ia diffim=Wtal of Eq. (I I) as Wolaws,

W + e~~~)2(12)
T 14L. Y-) ) ~~ ~ AM ?na~g

AsamranS that the wscenniatias of the ablKrbAnce change
fotr two waveleasgth me rnmdom and indlependent. we apply
Eqs. (7)-(9) to Eq. (I12) and obtain the followingS equaions A P. d ~t !flp=-

uniquel~y ideugi d by the mdoiladoim freuapmy. After coo-

phing cach diode by -n opticl fiber coup~ler (Mitsubishi Gme
(5AA~~~~~)cemialCGO). ob w.-:~cq~hU is spli to

2 ~~~~~~~~two jpciam ut a fieu er)suz (1-nun dinctcr) WMramd at the
~~={ B..¶i~b)(6AA) left and filbt heiber es.m The reflected lijit frmas alch

is rtecived by adefteting quical fibar (1-mm12
2 ~~~~~~~diamnimr) mu~ to each iacidm fiber and connectd to one of
(&AA~kz)2~ (14) two avalandue pbhotediock (Hamanuuanu C5460-01). The

ilianace beween the imeide sadt detectig optical fihers is
and 30 mm on each houspere This arrangement allows thc

sim~a mamotan* ofthe brain activmaes of the left
(S&Ajjkj~~~~~~j- jmassequva power o h

aivalanche pboktidw& is 2DfW/4Hzk Each avakandue plt-

E (8A~j~j)'. (15) for each wavelength, by seven Wok-i. amplifiers To simalV

- ~~~~~tawaussy nmemrboth hemispherets avieven wavelengths
wham A&A(,, inud MAAE2 am the. direct mcweainnerani im- we used a WWua of 14 loc-in muwpiffies Each Inc"-i ampli-
cowntics~t of the ahwarann changes, n mist ..~ Ea fer m coast of an It: moais tha acm as pas~ne measitive
6Aa,7 and 8AC~ wa- die indirect mnazzmsuaut Un- pp )np m i,.r "ak,
causuinttes of the cooceaatraia changes in hemoglobmn. Ac- no Voiu of Om kxj MV~ptjj isOvi~ e
cording to Eqs, (I )3H1 5), one Wucenamfiss in the c~tnba- cm=s tue noise volhp of the ayalavtch bt o~d on
tion chaises depend on nox cidy gme wwertaitvueu in atrcnn-o-atg mliira L/Iztesntv
abstaonI.cc changes bit also ot the Motur ibrar6on coeffi- ity of sho locki amplifier m eaogk_ The tae couftut of
ejects. These equatioes Lb= indicate tbat &&Cn1 , the lock-in aniplilrs is 125 mg (thet rcaiepoading staladiz-
A&5Cd.y mu&C dpnd ion tie wavelength pair of X mg tim is ob SW me}- The ~14 m~pw sigals at the
and A2. lac-ift MhI1sNo *W s t o a compuftr via a aiihm

analogi-ftoiital conrswer (KeWihly MeAWAylye DAS-
Ml. MEASUREMENT SYSTEM I WI RC) with a isaphing rate of SW0 mu. Through the

A bMock diagram of the oteaurmeat system is shown in x.inadI&i ecto faldx ihsw
Figs. 2. The basic design of the moadulation mid die lock-in 5'stinhmoausty Obtain spuccmucvpc enwsut*emet front

detection ~~~~~ ~~ * e~ach imucr diode with higb feuusavtiy agamst ut" light
syumca" that has two wavelength& of 780 and 80 mnm, The a"ly co ciasatalk between the signals {less than -50
cumret system uses seven-lascr diodes with wavelengthis of dB), no optical lovs (no optical filter or ditrinctiengazn)
664, 692. 752, 782, 799, 83D, and 84S mrn nd each has a d atmlosnowic)
power of 0-2 mW. Their ianwtk3ite amc modulmied svmmsg-
daily at frequencics; ranging from 1.2 to33 k~z. The modii- WV. MEASUREMENT OF BRAIN ACTlVtrr
Istion frequcawmie we chosen to avoid any overlap in their The Purpose of ibis numosrlecram ks not to clarify brain
harmtoic ftwoueacies. The light froes each lasr diod can he activity itself but to esumate the wavelength depenence on

M~adle Physic., Vol. 25, Mo. S. Jun. 2001
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lilt Vwahb.U Mot, and K01owzui kwilvwueiw. OPMI wsmww,.nvt 1111

025

a ~ ~ i 61
~~~0.2J U 553~~~~~~~~~~~T" s

O'2.J ~ TM

f.I Tim2 3w 4 o ic"rr Ahd oa1ou
Lhe 2g J 4s 5eiMm 0= SUamw meud

un. 3.itye Thu we dmco a Nsk irnland R weltindumellfinge AN
mtim stibnvuladm M42mi sbIBin).lt was 55ye -id.sau Fight 4J2
iiuxld Dealib ay mak v biunsen ahaued conavat waso u W-

tamed froin fte ag~ee Wmor the laespoe e subject_ __ _ __ _ _

was settled in a relazed *osidition, a supiu posikot, and kept 0 * 41 0 8 4 2 a
binys " cosed throughout he meiwsucunmg. As the staun, -____

lation. to uapped his fingers, the digit f-V. in randura order 1
against his thumnb first fiw the rigbs hond and then for the left ito . ran wof obw~om -W Irw k&4md Miduiamfmh a ift
hand for 30 & The measurements or fth brain activity resul- ra 11lg f~o -M md (b au df

ing fown thi stimuation were tusepaled 13 times fo e

Thew memwmeat positiom is the rawpotat betwee the the other hand, oxy-hmooglobin is mmr seeitive Io the
Wc~tand detecting positons. because cooeccukrtoo M3un ligb ht.sJibct twne Cownqw in Fig 3 probably Tc-

changes in heoglogkbin inside the caerebAl MctX gm usually OmSC oxy-banagloh3IiR (13 un) and deoay-bemoglobin (692
ohihiMd fnnjust elow lbeme niidposntaY Jim measure- u).We n fth firin cmrvzas m,, A~nd the meastremntt

matpowdtons frw ecubheImisphere were anasmaicaUy idea- intenailies as id in Eq. (3) to obtain aheulwem Chanes for
Midled finger motor -v= by MRL~~ 14e acb ;dtcted tinse The aim courves of the Ambiance

chs*raM i1AA midAA# We sowin .Fig..4.To aenatim
tericly 'be sUNataisy in. One bumnoglzbia couccatrietim

V. RESULTS AND DISCSSIO jm ft mmlyuais of arva propq~akiou we calculate the un-

A. Absolbano ahmn cra~inty in the mneasurd dabsoace chang (MA)mas the

Th iecusso h dcxid ih ineste at 92 standard deviation of She measured absorbance chop diw-
and 130 muf inuracdr~ 13 times we shown in Fig. 3 for jug the pretndmuation periodL Mc nmtia in the mea-

lefthandstiulaton t ftrigt befishem bc ck~td sured absowbanc change at all wavelcagths wne histed tin

light intcrtsities fluctuate by about 0-)1 Hz, wh~ich probably TaiL mtoenii whfYsmlrfralwve
Machs nat"urltssue Inctulmism.'k To extrinc the exact wth
intcnsity chaages due to bain activity ['rm the floctuatiws
WC Show fth fluctuation as fiang curve by using the leas- iAMU ENPWWimd Onamwinjc of Ob"eOMbhm dp.

squear method forR a hir4-oder Po"QynoiaL '45 FrM fte 111-
wSg we used two noesthodatioa (rest) periodsv one jovst be- Unsusamy of bwubsone chmp (MA)}
fore timnut~iarn and manohe after 20-s relaxation (jpre and Rija-inu A~uWNba Left-bd 1601i0f
post-sti tnlatioe periods in Fig. 3). Since the whole analyz. W-velengh (MO) S WAf I*X*4AW atmIO Th t ~U~1Ih
ito perio (130 s) in Pijt. 3 and the fluctuatkon petiod (Oa wei oo6 o400" 5
1 00 ) ae clos, the third-owder Polrynot filtins is ant ewn- O.WSa 57 0.00121

pirica)l me'M to descztibe the thsctuatioo. rJ..O-O4 9 0.00 tI
Tim intensit ehanges oarresponding t* the wavetenstb of 0Q04 95 062

692 and 830 urn during the. surnulauion we positive and OjW 21 0.00416330 005 16 0.4*500
nagative, alternatively- Accamding to the spectra in Fig- I. oos"ao
deoxy-bemoglobin is imore sensitive to the 692-mm light; on

Medical PPItyae Val, 25. No-. IL Ju~ne 2M
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1112 Thminh*tu MiaK and Kobuv: Nvainvasie apticol mumun~wwo 1172

Left bmilpilere ROIbi bmpheiv Left broooisphr U(* hembpbove

A m rn.. -

83

al 34 i 34 iimSU m i~~a 4 43

LI..Cag.~cmm lso a-(c~cw.) et-~uii Fo .C~ omtuo (cy db v ) oy sl

AweLmiitl- badm)lmgnl i lbn nnua* csw.eSsAla-~l w~hmgo~ o ~-id~m~
f~.A 2) Ib sAba~i iod (}-j1Iaz td~m (~elL2.ktbu~au(uz )- ()~J]~i~t~
(.aima) (a i f ~9.~-~is a O~3gp) c ~ Wea(ug a i I t~m~ i i )LP
miOAi 1371m azIi a i 09. armdL)- )Z3 c u i l. 5~4d dC~1m a a

Li LI~~~~~~~~~~I~1MWr *

Simsui noe "absmbase chane ndo Ein() in in~ 6-an 3p d altstto 9 afi

[W(lOft-ham kit bkfttwe) (08od)Fg a zgh-d sthenilatiuni we pothemnt hawl (OW1 to heaolobi de lnr ando
WORROO W MOM AMOWM p~r OP) W W OWZ-mw an W wi ot*Rn at t sadad (" IMP39on duri a ilm prsit-W

Ilid )t MUM-30 pr alig shwd thatm arw Wh mmmtltem &Wec. paok;Wmd pue Whis palsir don is si)ia toM phat o d he) abur

non o thecxmcetrazon chngesdepened c the econia, W4-eosoi jl A a we Wcm Find cklcuate

reduCWed os)W2ig reducd In Th iMe obizrn so thatOy-o structu Table dima cohre ogresobndaopiong to te i-
hemgkbsiualnd ao~~b~stosb Icbeasesmd into By-l3wm or or 02iam Wete utteevausmoEs.(3-1) odtr

bincenwatioen gthll werae oiincdt lther hcmnuinpbek Toum teaduncaOmpaecsio in the uteutrxtmcange ofe owx-p
Thee in wate ae rpialresonessoth l)Oitpnmenta and theKoWeia uxprnmu~ltlys .n c*Waedi

sthauleis L34'y- dwxyr ipianea mspcbOy d total-henJb nFg tabe exei aUd ho gocaod agreemn.Th molueasuuentof tmim

heown ofbin cionczntraton ncreasg epede a the str f tmAtaoon coeurai changes by unsdingpthe A ab 4664Wem paircareltwo

route decay ridly Whedud the O3LVe'wwm pair w tha, t stne oxy- o 54inTble and sidtmo hemoglobin mborepreiti cmfiw

dificqlt so measureathe emntreaseat the Ngeofs cimceps f cvtosebyuszian ca yv'g the 83(178-64p-r nmh Paier hand tWe

MWudll Pbha*WS Val- 21k No. 8,Jwlo 2W
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1113 YIN!Mhia, MaIL WMi K~fMknm Mm~WaMffy 6Pttral mmMsurnMgt t111

TA3L II. L aw&~M of eammwmsion cbmajm is cry,. &nzy,- mid mu-mnaluinu in two-whaftlego ma101 WkIh 10 mm

UIbmw~My or onscmeuo* I Finweir**R[X I0-N4idd nii

Rgks-bAod ,tidetom at ictem~o~r Leh nnd *Wamim~u id fth tsj

MY-Hb Dear-"b TOealH* Ory b 13-3-Mb n-1

Wayoicngm t4 Ttomy Eip1. Theoi ERIK. Thory EzPt. ThouuY FiPt Tbeoy bps. Tk=rY E."L

664 2.57 235 IAN) Iii1 I 17 216 2L44 2.43 Q10 QA2 2.05 2.09
692 ~ 2.159 2.4 1.41 1,48 2.17 2.13 2.6l 12.59 Q793 0.76 2434 2041

732 3.12) "I 2.1)1 2.11 -.II L.9 3.1 3.31 319 z"0 t96 1L92
712 4173 *t0i 4.4 3.74 2.0 1.75 5.29 6.53 357 6.6 219 kt 19
799 9174 121 1Q.7 14.4 2.23 .2A L7 12.5 9.46 134 217) 2.26

measr~sM of tOW eogobin =w=02fanns is only absorption peak of deo~y~herngicbi at this wavelength.
slightdy dependent ca wavelengtb Moreover. fte value of Below 730 nin, the envetunaijes gradUafy drop mid becuam
The *onccubatibon chaW in toeal-beeoglobm~ is isdependeat sobie- The mmo precis muessrmeul as for deozy-
of the wavlnmgth air (FiS. 5 mand 6). This suggests cipan- hemoglobin aundr 7W lam as lx second wavelok llL
tuantoly lusthde lec~u~ve path lent in the bmin does not We also used a V CW. p~egb of s4o na a XI in the anly~.
depend on the wavdekmo (664-M3 vm). The Monte Crxlo us of the wavelength depexd*NCC of uue~ganwnn peccisam.
simtdatioa or die phawo proopation ~in ilie head sho~ws dwe 11Vs wavelnt p n hxes vemy skomla results minoe d wWith
the sanctum, of the head (sk" skull e mebsow" ftuid =d S0 m as XI -Althougthed precision is the meinuresan: of
btain) stroangly affects the dibuibw of the phoso pW3. moWo acuvwoni in good when using the 830*664 pair
Mome study is needed on the photon poth in the htaiL mmv stud is needed on ad=u nacvatiina sua as visual,

aoditoy, sad hUguee- Morever the )dnd of iwcelawty
C. E"Maowin of opilism uavelngs pelt emostiiont studied hute cmn bt applia to ffiree-. fm-, and

11w fit wavelcngthi kl was fixed as SW0 rmanmd the an'iwvekeagth analys6 s well.
second wavelength dependence of the WMciio wastu-
mmaed (Fig. 7). Forn te tearebical estuation Ave use Vi. COI4CLUSKN

MA~31 f 830m Iih as 0.)5 ~6end te MAb I We estimaied the wwivelmobt eenec of the measure-
second wavelength is 0,(W3 24, which is the mean value of metocawni comnti ln sin, cr-, dcoxy-
&A frmn 664 to 799 mro (left banisphem rizx~-ban stimtu- an totahimmUIgobi). Using two-wuvelengtb analysis when
lation). According to Fli. 7 the agreement between cxperi- amwfln is fixed at W3 mim, we showed tbremedeally
mm* &W aduteoy is very Sood.. 11w unoertamty in total..mmet~ O b ucrdui t eedeta
henvagobin conces"6arno ts les senisitive to this Wavelength ihie wavelength pakir n oxy- and deoxy-hemagiobin measure-

regoft ci th oter wid. 0sh unwscnaanse an oy- and Met.hormwer. Intoaement of khe coaentratiam lasifges
deCity-ItmgobacMcc" Moef shespy *ro arOUnd SOM is sn ins tM'armt ss ayHt n
eam and have a uninitumn at 760 snia which conesponef to an b ush M 6- arm twofia boy-H) nda

782am pair Om tie other heand the Inwasmeman of iota-
hemoglobin cooncenrwatom is only slightly dependent on dhu

La 6 wavelength Pakr.
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Wavelength Dependence of Sensitivity in NIRS for Measurements
of Different Brain Areas

Hiroki Sato andA tsushi 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) 1-3. We proposed NIR topography

in 1995 as a new noninvasive imaging modality 4 and have developed the system since then.

The system called 'Optical Topography' (OT) is commercially available (ETG-1 00; Hitachi

Medical Corporation). It has 10 laser diodes of two wavelengths at 780 and 830 nm and

measures relative concentration changes in oxy-Hb (ACoxy) and those in deoxy-Hb

(ACdeoxy). These values of ACoxy and ACdeoxy are derived from the differences in

absorption coefficients of oxy-Hb (coxy) and deoxy-Hb (deoxy) between two wavelengths.

The wavelength dependence of the measurement sensitivity has lately been evaluated

using the error propagation law 5. The study suggested that the measurement uncertainties

are dependent on the differences in coy and Cdeoxy 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 eoxy and Fdeoxy between two wavelengths. That is, wavelengths shorter than

780 nm paired with 830 nm should provide more sensitive measurements of ACoxy and

ACdeoxy.

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

/J-
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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,
ociital, 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 nim), the standard deviations of

ACoxy and ACdeoxy 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 nmr
5had no advantages

Results and Discussion
The differences in noise-levels among wavelength pairs were examined in each

measurement area. The pairs of 678/830 rnm and 692/830 nm showed smaller noise-levels

than the pair of 780/830 rim in all lobes, as were expected. Although the noise-level in the

pair of 678/830 rim was smaller than that in the pair of 692/830 rim in only the frontal lobe,

the pair of 692/830 rim showed less noise-level than the pair of 678/830 rim in other lobes.

The inconsistency with the previous study 5, which had shown that a shorter wavelength

such as 664 nmn 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 692/83 0 rim

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 nmr was occasionally larger than those in other wavelengths. This

result suggests that the attenuation of reflected light at 678 rmn is sometimes too strong to

measure cortical activation accurately compared with other wavelengths.

We conclude that the pair of 692/830 rim provides more sensitive NIRS measurements in

all brain lobes, making it ideal for practical use, while shorter wavelengths such as 678 nmn

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 hemoglobin (Hb) species (Jobsis, 1977; Jobsis et al., 1988; Wray et
changes in the concentration of oxygenated hemoglobin (oxy-Hb) and al., 1988). Particularly important has been the application of NIRS
deoxygenated hemoglobin (deoxy-Hb) in tissue by using illumination at to noninvasive measurements of concentration changes in oxygen-
two different wavelengths, is often applied to noninvasive measure- ated hemoglobin (oxy-Hb) and deoxygenated hemoglobin (deoxy-
ments of human brain functions. It is common to use two wavelengths Hb) related to brain functions (Chance et al., 1993; Hoshi and
that are on opposite sides of the point where the optical absorptions of Tamura, 1993; Kato et al, 1993; Villringer et al, 1993). Since
oxy- and deoxy-Hfb are equal (about 890 nm) but an optimal near-infrared (NIR) topography with multiple measurement posi-
wavelength pair has not yet been determined. In this study, we
conducted simultaneous recordings at five wavelengths (678, 692, 750, tions was introduced as a noninvasive imaging modality (Maki et
782, and 830 nm) to determine the best wavelength for pairing with 830 al., 1995; Yamashita et al., 1996a,b), many cognitive studies using
nm. A theory suggests that pairing a shorter wavelength with 830 nm NIR topography have been reported in various fields (Kennan et
can provide more sensitivity because of the larger difference in al., 2002a,b; Minagawa-Kawai et al., 2002; Noguchi et al., 2002;
absorption coefficients of hemoglobin between two wavelengths. The Obata et al., 2003; Pena et al., 2003; Sato et al., 1999; Taga et al.,
changes measured in four cortical areas (frontal, occipital, parietal, and 2000; Watanabe et al., 1998). In this method, the changes in the
temporal) showed that the noise level when the 678-, 692-, and 750-nm concentration of oxy-Hb and deoxy-Hb in the cerebral cortex are
wavelengths were paired with 830 nm was usually lower than when the a m
782-nm wavelength was paired with 830 nm, which is consistent with simultanelecorded at m ipe p onsnyasing lIg to
theoretical prediction. Moreover, the signal-to-noise ratios (S/Ns) and
wavelength dependencies of the power detected in all areas and raphy, which has advantages such as applicability to infants, is
subjects together suggest that the 692-nm pairing had the highest S/N. expected to provide novel information on brain function (Koizum
This suggests that the optimal wavelengths depend on not only the et al., 1999, 2003).
difference in the absorption coefficients of hemoglobin but also on the The current NIR system has both future potential and current
optical properties in the measurement area, which affect the strength of limitations (Koizumi et al., 2003). One limitation is the signal-to-
the attenuation data. The 692-nm wavelength is thus a more optimal noise ratio (S/N)--the data must be averaged to detect small
choice than wavelengths around 780 nm for pairing with 830 nm to activation signals such as event-related responses (Kennan et al.,
measure Hb changes induced by cortical activation. The improved SIN 2002b; Noguchi et al., 2002). Improving S/N sensitivity is thus one
enables more sensitive statistical analysis, which is essential to

functional mapping with MRS. I~~mprovement needed to make NIR topography more useful. We
have investigated wavelength selection for improving the S/N in

© 2004 Elsevier Inc. All rights reserved, practical NIR measurements.

Keywords: Near-infrared spectroscopy; Wavelength; Hemoglobin; Cortical In dual-wavelength analysis, equations based on the modified
activation; Sensitivity Beer-Lambert law are used (Cope and Delpy, 1988; Delpy et al.,

1988):

L . ACo., ACxV (C , `2)

Introduction -- deoxy (;.2) ' AA(AI) + Fdeoxy (.A.) AA(.A2)
E ~ ~ ~~~~, (1)E

Near-infrared spectroscopy (NIRS) has been used for measure- L . ACdeo~y ACdeoxy (~I, .2)

ments of biological metabolism such as concentration changes in
eoxy (;2) ' AA (A) - eoxy (21) AA(A2) (2)

E
where

* Corresponding author. Fax: +81-49-296-6006.
E-mail address: h-sato~rd.hitachi.co.jp (H. Sato).
Available online on ScienceDirect (www.sciencedirect.com.) E = Edeoxy (;,1) ' Eoxy (22) - Edeoxy (22) ' Eoxy (A21). (3)

1053-8119/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:l 0.1016/j.neuroimage.2003.12.017
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The relative concentration changes (AC.'. (Al, 22) and AC d'e..y study, however, did not compare actual noise levels among
(.I, A2)) are expressed as the concentration changes (AC0 xy and wavelength pairs although it concluded that pairing 690 or 760
ACdeoxy) multiplied by the indefinite optical path-length in the nm with 830 nm is better than pairing 780 with 830 nm for
activation region (L), where AA, E0,,(, and Edeoxy indicate the measuring oxygenation changes.
logarithm of the intensity changes, the absorption coefficient of We think experimental examination of the Jib changes resulting
oxy-Hb, and that of deoxy-Hb, respectively, for two wavelengths from the use of an optimal wavelength (approximately 650-750
(Al1, )~2). Note that we have to assume that the path-length (L) is nm) paired with 830 nm is necessary to determine the practicality
equal for every wavelength because accurate estimation of L is of this method because simulation studies cannot verify every
almost impossible with this technique. Although the wavelength possible model. In particular, the practicality of each wavelength
dependence of L can be predicted and can make independent should be investigated by measuring the variation in the detected
measurements for multiple chromophores difficult (cross-talk), the light power, which depends on the transparency of the wavelength
cross-talk effect is negligible when measuring changes only in in tissue. Moreover, the dependencies of the activation-signal
oxy- and deoxy-Hib (Uludag et al., 2002). profile and S/N on the wavelengths should be examined to verify

Wavelengths that are symmetric about the point where the that these wavelengths measure the Hb changes induced by the
optical absorptions of oxy- and deoxy-Hb are equal (about 800 same cortical activation.
nm) are usually used as A~l and )A2 (e.g., 780 and 830 nm), but In this study, we measured cortical activations in four areas
optimal wavelengths have not yet been determined. The present (frontal, occipital, parietal, and temporal) with simultaneous re-
study aims to improve the S/N for hemoglobin changes expressing cording using five wavelengths (678, 692, 750, 782, and 830 nen)
cortical activation by selecting an appropriate wavelength pair for to find a way to improve the sensitivity of NIRS measurements.
practical use.

According to the general error-propagation law, the noise levels
in the Jib changes depend on the differences in the Jib absorption Materials and methods
coefficients between the two wavelengths (Yamashita et al., 2001).
The theoretical noise levels in AC.', and ACQeo,~, depend on the Subjects and measurement paradigm
wavelengths and can be expressed as

-2 ~x A2 2 Four subjects (two men, two women; ages 25-45) gave
(8ACG~y (A,2)) =(dEox 2) (fljA informed consent to participate in this study. All subjects showed

+(dex (l 2 right-handedness by the Edinburgh inventory (Oldfield, 1971).
+ E'' (8AA (2) )2 , (4) Four stimulation paradigms were given to each subject for

measurement of the four cortical areas. To measure frontal cortex
(6Ad'.y A],2)2 CoXY (A2)'\

2(8AA pi)2 activation, mental arithmetic tasks were used. A number from 1 to
(6AC~XY (2,22) E (1) 9 was randomly presented every 1500 ins. The subjects were

+ (Cx 2 1 6AA2(f 2) )2, (5) instructed to calculate the running total in their head and to whisper
kE 1 (22), ~~~~~~with minimum jaw movement the answer at the end of each string

where 6AC,',, (A1, a) and 6ACQ'eoxy (A1. 22) are the indirectly of 10 numbers. For the occipital cortex measurements, rectangular
measurednoiselevelsofAC,'y (2 l 2A2 )andACd,ky(Al,(2l 2),andbAA (Ai) black-and-red checkerboard stimuli with the squares reversing
6AA (21) and 6AA (,2 are the directly measured noise levels of between black and red at a frequency of 8 Hz were presented.
AA (AI) and AA (22). Assuming that 6AA (21 ) and 6AA (22) are The subjects were instructed to focus their attention on the fixation
random and independent, we can calculate 8ACoxy (A1, 22) and cross at the center. The parietal cortices were activated using a
8ACjeo-y (21. 22) using Eqs. (4) and (5). On the assumption that finger-tapping task-the fingers of the left hand were placed on the
8AA (21I) and 6AA (22) are the same, using a wavelength pair tip of the thumb in serial order (forefinger-second finger-third
having a larger difference in the hemoglobin absorption between finger-little finger-third finger-second finger-forefinger). The
the two wavelengths should provide more sensitivity. For subjects were asked to repeat the tapping sequence as rapidly as
example, wavelengths shorter than 780 nm paired with 830 possible during the time 'Tapping' was presented on a CRT
nm should provide less noise in measurements of AQ~ and monitor. Auditory-language stimuli were used for the temporal
AQc'eoxy (Koizurni et al., 2003; Yamashita et al., 2001). Another area measurements. The subject wore headphones and was
study using a similar theory suggests that the 780- and 830-nm instructed to carefully listen to a Japanese story presented through
pairings are not optimal for oxygen saturation-related measure- the headphones while looking at the fixation cross on the monitor.
ments (Strangman et al., 2003). In each measurement paradigm, a 15-s stimulation period and a 30-

However, the optimal range of wavelengths has not been s rest period were alternated 10 times after a 30-s rest period. All
determined and the effectiveness of these wavelengths for practical the visual stimuli were displayed on a CRT monitor placed 70 cm
use is still unclear. A previous study (Yamnashita et aL,. 2001) from the subject's eyes in a dark room. During the measurements,
measured only motor function in the parietal lobe of one subject the subject sat in a chair and was instructed to fix his or her gaze on
although optical properties are predicted to depend on the anatom- the cross at the center of monitor and to concentrate on each task.
ical variances among subjects and areas. Although the results The measurement positions were determined for each subject
supported the theoretical prediction that using two wavelengths based on the preliminary experiments using multichannel NIR
having larger differences in the absorption coefficients of hemo- topography (Optical TopographyO, ETG-100: Hitachi Medical
globin reduces measurement noise, they did not clarify the meth- Corporation, Japan) using the 780- and 830-nm pairings. The
od's practicality. On the other hand, another study (Strangman et positions showing significant activation in the frontal areas were
al., 2003) conducted simultaneous measurements with multiple around the middle of the FP2 , F4, and F8 locations in the
wavelengths of 675, 691, 752, 780. 788, 830, and 840 nm. The international 10-20 system (American Electroenicephalographic
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were delayed 6 s from the stimuli onset, the shifted period of the

stimulation was defined as the activation period. The mean Hb

A/D conveter changes during the prestimulation period and those during the

activation period were calculated for each block. Based on the t
value (paired t test) between the mean Hb changes in the presti-
mulation periods and those in the activation periods, data with

Oscillators -4 "~., "..., ",,, ."'~ "'.~, significant t values (P < 0.1) were selected for further analysis

using the activation signal. After the selection, the mean Hb

Laser 678 692 750 782 830 changes in the activation periods were used to examine the signal
diodes amplitude and signal-to-noise ratio (S/N). We calculated the signal-

.......... to-noise ratio by dividing the signal amplitude by the noise
amplitude.

Incident Detection
position position Noise levels in Hb changes

Fig. 1. Diagram of measurement system. APD: avalanche photodiode. The noise amplitude in the Hb changes was determined using

attenuation data for the first prestimulation period of 20 s before
Society, 1994). The measurement positions in the occipital, pari- the original data was separated into blocks. The concentration
etal, and temporal areas were determined to be around the Ot, C4 , changes in the oxy- and deoxy-Hb were derived from the data after
and T3 locations, respectively. In general, the locations in the it was baseline-corrected using a line. The noise amplitude was
international 10-20 system have an appropriate relationship with defined as the standard deviation in the Hb changes after applying
cortical anatomy (Towel et al., 1993). 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
NIRS measurement low-frequency fluctuations and physiological signals such as

respiration and pulse signals.
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 Results and discussion
irradiate the same point simultaneously. The continuous mixed-

light was irradiated on the subjects' head, and the reflected light Detected power of reflected light
was detected every 100 ms using an avalanche photodiode (APD)

located 30 mm from the incident position. Optical fibers (diameter The detected power of the original reflected light (830 nm) is
of 1 mm) were used for both the irradiating and detecting lights. shown in Fig. 2 for each cortical area. The power detected in the
The average power of each light source was 0.93 mW, and each frontal area differed greatly from those in the other areas, probably
source was modulated at a different frequency (1.0-2.7 kHz) to because the subjects had no hair covering the frontal area. The
enable separation using a lock-in amplifier after detection. power detected in the temporal area was higher than in the occipital

and parietal areas, possibly due to differences in the root-of-hair
Data analysis density and cranium thickness.

As shown in Fig. 3, the relative detected power was weaker the
Hb time course shorter the wavelength, except for the frontal area. Compared with

The detected temporal data for the attenuation change at each the detected power for 830 rim, those for 678, 692, and 750 nm
wavelength were separated into blocks consisting of a 5-s presti- were 36%, 44%, and 59% on average, respectively. The power
mulation period during the resting state, a 15-s stimulation period detected in each area differed depended on the wavelength,
during the stimulation, and a 25-s poststimulation period during the suggesting the need for spectroscopic study of human hair.
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 ~ 1.5E-7-
caused by obvious motions such as a cough or sneeze, we were left E
with more than eight blocks for each area and subject. Using the
modified Beer-Lambert law, we derived the concentration changes 1.0E-7

in oxy- and deoxy-Hb [AC'xy (21. 22) and ACdeoxy (21, 22)] from the
attenuation data of two wavelengths [AA(At) and AA(2 2)], one of 5
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 0 0 P T
that for the 678-, 692-, and 750-nm pairings in each area. Area

(F: Frontal, 0: Occipital, P: Parietal, T: Temporal)
Activation-signal amplitude

Fig. 2. Mean detected power (830 nm) in four cortical areas calculated
Activation signals were statistically assessed and selected. using recorded voltage and corrected for detector's wavelength sensitivity

Assuming that the hemodynamic changes induced by the stimuli and amplifier gain. Error bars indicate standard error.
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[ 678 nm D692 nm []750 nm previous studies (e.g., Sato et al., 1999), the concentration of oxy-

* 782 nm 1" 830 nm Hb increased and that of deoxy-Hb decreased during the task
1.5 period in the occipital, parietal, and temporal areas. However,

5, increases in both oxy- and deoxy-Hb were found in the frontal

0. area. The variation in the deoxy-Hb could be related to variations
~~~~~ 1 ~~~~~~~~~~in the vascular system, as suggested by another study (Yamamoto

and Kato, 2002), in which similar results were found in Broca's

-o area. Further studies focusing on the relationship among neural

._ 0.5 activity, the fMRI signal, and the NIRS signal are needed for better

understanding of the physiological mechanism.
The t tests for all subjects except one indicated significant

0-. activation for both oxy- and deoxy-Hb in every cortical area. The
F 0 P T exceptional subject showed insignificant deoxy-Hb changes only

Area in the parietal and occipital areas. One reason for the exception
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal) might be the possibility of variation in the deoxy-Hb changes

(Yamamoto and Kato, 2002). Another possibility is a poor S/N for
Fig. 3. Relative detect ed power of five wavelengths f or each area corrected deoxy-Hb in both areas (Table 1). The activation-signal amplitudes
for detector's wavelength sensitivity anda r n normalized by for deoxy-Hb are usually less than half those for oxy-Hb (Maki et
data for 830 nm. Error bars indicate standard error.

al., 1996).
After low-pass 0.8-Hz filtering, the profiles obtained from the

Hb time course four wavelength-pairs were compared. The low-pass filtering
eliminated the effects of high-frequency system noise. The

Using the attenuation data for each wavelength, we calculated correlation coefficients (Pearson's product-moment correlation

the Hb time courses. The block-averaged results for each cortical coefficient) are listed in Table 2. Every comparison shows a

area for each wavelength pair for a representative subject are significant positive correlation (P < 0.0001) for all subjects,

shown in Fig. 4. The shapes of the time courses obtained with indicating that every wavelength pair measured almost the same

the different wavelength pairs were similar for each area. As in cortical area.

- Oxy-Hb - Deoxy-Hb

678-nm pair 692-nm pair 750-nm pair 782-nm pair

Frontal E 0 -
2 0 1 V - ------- ----- ---
E r

CDStim
'&' 0.05 -

C.
o 0 31 -_ _ _ _ _ _ _ _ _

CD IOccipital , 0.15

0.1.
T 0

Parietal E
0 1

-0.15

'~0.1

Temporal 0.0

-0.05
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Time [s] Time [s] Time [s] 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 I the optical properties of the biological tissue. We defined L as the
Relative signal-to-noise ratios (S/Ns) for four areas for 782-nm pairing partial path-length, which is the average path-length of light
calculated by dividing signal (amplitude oft-lb change in activation perioda) traveling through a focal region of absorber changes (Hiraoka et
by noise level (standard deviation during pre-activation period) al., 1 993). To estimate the wavelength dependence of the activa-

Hb species Area Relative S/N tion-signal amplitude, we calculated the relative path-length (11) for
(mean ± SE) each wavelength, on the assumption that the path-lengths of 782

Oxy-Hb frontal 1.00 and 830 rnm are the same:
occipital 0.57 ± 0.11
parietal 0.46 ± 0.05 L'2)=AA(AI)
temporal 0.62 + 0.04 Eoxy (At) X A'Coxy (782, 830)+ 6deoxy (At) X ACde(,xy(7 82,830)'

Deoxy-Hb frontal 0.64 ± 0.04 6
occipital 0.31 ± 0.13(6
parietal 0.20 ± 0.08
temporal 0.37 ± 0.10 where the concentration changes for the 782-nm pairing were used

They were normalized using Oxy-Hb data for frontal area, as the standard changes [AC,',, (782. 830) and ACCeoxy, (782, 830)] for
SE = standard error, every wavelength to isolate the difference in amplitude of ACO'.,

and ACJ'eoxy for the 678-, 692-, and 750-nm pairings due to the

variance in optical path-length (L) from that for the 782-nm

The correlation coefficients for deoxy-Hb for all areas except pairing. Recent reports suggest that the partial path-length is more
for the frontal area were relatively low because of the lower SIN appropriate than the differential path-length for compensating for

in those areas. The mean SINs for deoxy-Hb in the occipital, the difference in MIRS sensitivity (Okada and Delpy. 2003a,b).

parietal, and temporal areas were about 31%, 20%, and 37% The relative path-lengths (L') calculated for each area are shown

relative to the S/N for oxy-Hb in the frontal area, respectively in Fig. 6. The average path-lengths for 678, 692, and 750 nm were

(Table I). The lower correlate coefficients for deoxy-Hb may shorter than those for 782 and 830 rnm although there were large

have resulted from the area dependence of the detected power intersubject variances. These results indicate that the variances in

(Fig. 2) and a lower S/N. the signal amplitude might be explained by the effect of the

varying path-lengths. The large variances for 678, 692, and 750

Activation-signal amplitude nmn would greatly affect the deoxy-Hfb signal because shorter
wavelengths have a higher absorption coefficient in deoxy-Hb.

The activation-signal amplitudes normalized using the data for The wavelength dependence of the optical path-length might
the 782-nmn pairing are shown in Fig. 5. The amplitudes were lower raise concern about the cross-talk effect (Uludag et al., 2002).

for the shorter wavelengths in most cases. An analysis of variance Although we could not determine which wavelength pair actually

(ANOVA) (wavelength pairs x areas) indicated significant effect resulted in the minimum cross-talk since the L's were calculated on

of wavelength pairs for deoxy-Hfb [F(3,40) = 3.65, P < 0.051 the assumption that the path-lengths of 782 and 830 nm are the

although no significant effect for oxy-Hb [ F(3,48) =0.97, P > 0. 1] same, it is important that the direction of the signal (positive or

was found. According to Eqs. (I)-(3), the Hb changes (AC.',, and negative) was consistent among the wavelength pairs in each

AC 1'_~) do not depend on the wavelength pair, but it is possible hemoglobin and subject. This suggests that the wavelength depen-

that the activation-signal amplitudes were affected by a difference dence of cross-talk was small enough not to cause a different
in optical path-lengths (L's) among the wavelengths, activation pattern and that the signal amplitude can be corrected

Although the path-length (L) should be the same for different using the relative path-length when the signal amplitudes in the

wavelengths according to Eqs. (I)-(3), it changes depending on 782-nm pair are fixed as the standard.

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

Wavelength-pairs comparison Frontal (mean ± SE) Occipital (mean ±SE) Parietal (mean ± SE) Temporal (mean ±SE)

O-xy-Hb
678-830/692-830 0.998 ± 0.001 0.934 ± 0.028 0.967 ± 0.021 0.983 ± 0.013
678-830/750-830 0.998 ± 0.001 0.937 ± 0.029 0.959 ± 0.029 0.986 ± 0.004
678-830/782-830 0.989 ± 0.003 0.909 ± 0.031 0.891 ± 0.045 0.977 ± 0.006
692-830/750-830 0.998 ± 0.001 0.918 ± 0.039 0.948 ± 0.038 0.985 ± 0.004
692-830/782-830 0.992 ± 0.002 0.902 ± 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 ± 0.091 0.795 ± 0.075
678-830/750-830 0.978 ± 0.006 0.824 ± 0.058 0.810 ± 0.070 0.782 ± 0.088
678-830/782-830 0.970 ± 0.013 0.782 ± 0.059 0.575 ± 0.058 0.760 ± 0.090
692-830/750-830 0.972 ± 0.019 0.845 ± 0.052 0.760 ± 0.070 0.779 ± 0.101

692-830/782- 830 0.970 ± 0.017 0.825 ± 0.047 0.598 ± 0.084 0.829 ± 0.054
750- 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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E] 678-nm pair la 692-nm pair depends on absorption and scattering not only in the cerebral

[] 750-nm pair U 782-nm pair cortex but also in the skin, muscle, skull, and so on. However, the

Oxy-Hb similar shape time courses shown in Fig. 4 and Table 2 demon-
strate that every wavelength could be used to measure the same

1.2.
a) 1.2 - area and that differences in the signal amplitude are due to

1.0 . differences in the path-length. A simulation study examining the

E0.. dependence of the optical path on the wavelength is necessary forE0.8-
further discussion.

0.6 - A previous study (Yamashita et al., 2001) suggested that there
2)'a is no difference in signal amplitude and a similar tendency is seen
C 0.4
> in their graphs. Another study (Strangman et al., 2003) did not

0.2 mention any dependence of signal amplitude on wavelength pair.

0
F 0 P T Noise levels in Hb change

Deoxn/-Hb
The noise levels normalized by the noise amplitude in the 782-

1.2 tunm pairing are shown in Fig. 7 for the four wavelength pairs and

'~ 1.0 four areas. The wavelength pairs using 678, 692, and 750 nm
_a T generally produced less noise for both oxy- and deoxy-Hb in every

area. An analysis of variance (ANOVA, wavelength pairs x areas)

C 0.6 was used to test the dependence of the wavelength pairs on Hb
.4 noise. It showed a significant main effect of wavelength pairs [oxy-

(D 0.4- Hb: F(3,48) = 3.36, P < 0.05, deoxy-Hb: F(3,48) = 21.90, P < 0.

'9 0.20001 ]. Post hoc tests (Fisher's PLSD) revealed differences betweenco02
the 678- and the 782-nm pairings (oxy-Hb: P < 0.01, deoxy-Hb:

0. F 0 P T P < 0.01) and between the 692- and 782-nm pairings (oxy-Hb: P <

Area
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal) El 678-nm pair U 692-nm pair

[] 750-nim pair U 782-nm pair
Fig. 5. Relative mean hemoglobin changes in activation periods normalized
using data in 782-nm pairing. Each sample was intrasubject averaged data Oxy-Hb
from 6 s after onset of stimulation to end of stimulation. Error bars indicate
standard error. .

-~10

The wavelength dependence of the optical path-length also C 08
suggests that the measurement area differs among wavelengths. 0.6
Significantly, the relative path-lengths were (1) the partial path- C

length in the activation area and (2) the calculated path-length Z 0.4
when the concentration change for the 782-nm pair was fixed as

0.2the standard. It was not possible to determine whether each optical
path passed through the same tissue because the optical path 0

F 0 P T
[678 nm 11692 nm · 750 nm

782nm rl830nm 1.2 -
1.2

- 1.0

--0.8-0

:- 0.8
> 0.8
CD T 0.6-

0.6 0,
a ~;- 0.4

Z(D0.4 C
0.2

0.2 -

o . F 0 P T
F 0 P T Area

Area (F: Frontal, 0: Occipital, P: Parietal, T: Temporal)
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal)

Fig. 7. Relative noise level of oxy- and deoxy-Hb. Noise level was standard
Fig. 6. Relative optical path-length (L) calculated for each block for each deviation in rest period normalized by standard deviation in 782-nm

subject and area and then averaged for each area. Error bars indicate pairing. Levels were calculated for each subject, then averaged among

standard error. subjects. Error bars indicate standard error.
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Oxy-Hb Deoxy-Hb
0.006 - 0.006 -

'o~~~~~~~~~~~~ 'O
=oF 4. oF
o. ·0 F.·0 0 0aS

E + P · E + P·
m0.004 - T (D 0.004 T

0 +
+ i

0.002 0.002
CD +*+~~~~~~~~~~~~~~C

0 0~~~~~~~~~0

0 0.002 0.004 0.006 0 0.002 0.004 0.006
Theoretical noise amplitude Theoretical noise amplitude

Fig. 8. Scattering diagram of theoretical noise amplitude (horizontal axis) and experimental noise amplitude (vertical axis). F = frontal area, 0 occipital area,
P = parietal area, and T = temporal area.

0.05, deoxy-Hb: P < 0.01). Although a significant main effect of The experimental and theoretical noise levels showed signifi-
area was shown in the ANOVA [oxy-Hb: F(3,48) = 17.00, P < cantly high correlation coefficients (oxy-Hb: 0.99, P < 0.0001,
0.001, deoxy-Hb: F(3,48) = 2.80, P < 0.05], the interaction deoxy-Hb: 0.99, P < 0.0001), indicating that the noise levels

between wavelength pair and area was not significant. These were properly assessed. Consequently, these results suggest that
results suggest that the noise levels in the 678- and 692-nm using a shorter wavelength reduces noise levels in most Hb

pairings were lower than those in the 782-nm pairing regardless measurements.
of area and subject. The dependence of the noise level on the area
was probably due to the difference in transparency between areas, Signal-to-noise ratio

as previously mentioned.
The experimentally obtained noise levels corresponded to The relative S/N levels normalized using those in the 780-nm

those derived from theory (Eqs. (4) and (5)), as shown in Fig. 8. pairing are shown in Fig. 9. In most areas, using 678 or 692 rnm
with 830 nm produced the highest S/N. An ANOVA (wavelength-

678-nm pair U 692-nm pair pairs x areas) revealed a significant main effect of wavelength
pairs both for oxy-Hb [F(3,48) = 21.90, P < 0.001] and for deoxy-

~ 750-nm pair U 782-nm pair Hb [F(3,40) = 6.27, P < 0.005]. For oxy-Hb, post-hoc tests

Oxy-Hb (Fisher's PLSD) indicated a difference for every comparison (P <

2- 2.0 -0.005) except for that between the 678- and the 692-nm pairings,
cS suggesting that the most sensitive measurement is achieved using
0) the 678- or the 692-nm pairing. In contrast, post hoc tests (Fisher's

4) 1.5'-1.5 PLSD) for deoxy-Hb revealed a difference between the 678- and

the 692-nm parings (P < 0.05). A difference for every comparison
1.0 (P < 0.05) except for that between the 678- and the 750-nm

pairings was demonstrated in this analysis. Therefore, it can be
0.5 concluded that the 692-nm pairing provides the highest S/N for

deoxy-Hb measurements in this system.

0- The S/Ns for the 692-nm pairing for oxy-Hb and deoxy-Hb
F 0 P T were approximately 1.52 and 1.63 times higher than those for the

Deoxy-Hb 782-nm pairing. Thus, the 692-nm pairing provided the highest S/
N for both oxy-Hb and deoxy-Hb in our system although the error-

2 2.0 -. propagation law predicts a higher S/N when using shorter wave-

length such as 678 nm. This suggests that the optimal wavelength
1.5 cannot be determined only by the wavelength (absorption-coeffi-

cient of Hb species)--the optical properties of the measurement

z 1.0 area must be considered. Note that the optimal wavelength also
depends on the system properties, such as the irradiated light

.5> intensity and detection device. Our results demonstrate the practi-0.5
cality of using around 690 nm to improve NIR measurements for
brain functional study.

0 -
F 0 P T

Area
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal) Conclusion

Fig. 9. Relative signal-to-noise ratio for wavelength pairs normalized using Wavelengths of 678, 692, 750, and 782 nm were examined for

data in 782-nm pairing. Error bars indicate standard error. pairing with 830 nm to improve the S/N of NIRS for measuring
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cortical activation. Noise levels in Hb changes decreased when response using transcranial near infrared optical topography and surface
using wavelengths shorter than 782 nm, as predicted by the error- EEG. Neurolmage 16, 587-592.
propagation law, and the S/N was improved in most cases. Koizumi, H., Yamashita, Y., Maki, A., Yamamoto, T., Ito, Y., Itagaki, H.,
Although it has been suggested that activation-signal amplitudes Kennan, R., 1999. Higher-order brain function analysis by trans-cranial
are affected by a difference in the optical path-lengths, the Hb time dynamic near-infrared spectroscopy imaging. J. Biomed. Opt. 4 (4),

403-4]3.courses measured using all wavelength pairs agreed well in each40-13 Koizumi, H., Yamamoto, T., Maki, A., Yamashita, Y, Sato, H., Kawaguchi,
cortical area. This suggests that this wavelength range can be used H., Ichikawa, N., 2003. Optical topography: practical problems and new
to measure the same cortical area. The 692-nm pairing generally applications. Appl. Opt. 42 (16), 3054-3062.
provided the highest S/N both for oxy- and deoxy-Hb in this Maki, A., Yamashita, Y, Ito, Y, Watanabe, E., Mayanagi, H., Koizumi, H.,
system. Although the detected power of the transparent light at 678 1995. Spatial and temporal analysis of human motor activity using
and 692 nm did weaken in most cases, the effects of the absorption noninvasive NIR topography. Med. Phys. 22, 1997-2005.
coefficients surpassed those of the decreasing transparent light on Maki, A., Yamashita, Y, Watanabe, E., Koizumi, H., 1996. Visualizing
noise reduction for the Hb measurements. Consequently, around human motor activity by using non-invasive optical topography. Fron-
690 nm is a more optimal choice than around 780 nm for pairing tiers Med. Biol. Eng. 7 (4), 285-297.
with 830 nm to measure Hb changes induced by cortical activation. Minagawa-Kawai, Y, Mor, K., Funuya, I., Hayashi, R., Sato, Y, 2002.Assessing cerebral representations of short and long vowel categoriesThe improved S/N enables more sensitive tatitialnys by NIRS. NeuroReport 13 (5), 581-a584.
which is essential to functional mapping with NIR topography. Noguchi, Y., Takeuchi, T ., S akai, K.L., 2002. Lateralized activation in the

inferior frontal cortex during syntactic processing: event-related optical
topography study. Hum. Brain Mapp. 17, 89-99.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
OCT 1 2 2004 9200Corporate 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: 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 III (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.

k
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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 5 10(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 Padt 80 1), please

contact the Office of Compliance at (240) 276-0115. Also, please note the regulation entitled,

"Misbranding by reference to premarket notification" (2LCFR Part 807.97). You may obtain

other general information on your responsibilities under the Act from the Division of Small

Manufacturers, International and Consumner Assistance at its toll-free number (800) 638-2041 or

(301) 443-6597 or at its Internet address http://www.fda.gov/cdrli/dsma/dsmamain.htmIl

Sincerely yours,

ECelia 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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5 10(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.

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 CDRII, Office of Device Evaluation (ODE)

(Division Sign-O$f
Division of General, Restorative,
and Neurological Devices

510(k) Number /~OfP50/ Page I of l

5
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and

Radiological Health

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

September 15, 2004 Rockville, Maryland 20850

HITACHI MEDICAL CORP. 510(k) Number: K042501

C/O HITACHI MEDICAL SYSTEMS AMERICA Received: 14-SEP-2004
1959 SUMMIT COMMERCE PARK Product: ETG-4000 OPTICAL

TWINSBURG, OH 44087 TOPOCRAPHY 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 INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE
A LETTER FROM FDA ALLOWING YOU TO DO SO.

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/aO2-Ol.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
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Medical Device User Fee Cover Sheet - Form FDA 3601 Page 1 of I

(uq 2Crol
Form Approved:OMB No 0910-0511 Expiration Date: 

DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION I PAYMENT IDENTIFICATION NUMBE

MDC DEC US F V Srite 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:

1. Electronically submit the completed Cover 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

that 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 submitted 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, Attn: 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 concerning courier delivery.)

5. For Wire Transfer Payment Procedures, please refer to the MDUFMA Fee Payment Instructions at the following URL:
http:I/www.fdagov/cdrh/mdufrma/faos.html#

3a. You are responsible 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

HITACHI 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 (Include Area Code)

330-425-1410

3. TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you are unsure, please refer to the application

descriptions at the following web site: http://www.fda.oov/oc/mdufma

Select an apelicationftype: 3.1 Select one of the types below:

[ Premarket notification (51 O(k)); except for third party reviews Original Application

El Biologics License Application (BLA) Supplement Types:

H Premarket Approval Application (PMA) H] Efficacy (BLA)

[] Modular PMA H Panel Track (PMA, PMR, PDP)

H Product Development Protocol (POP) E Real-Time (PMA, PMR, POP)

[] Premarket Report (PMR) H 180-day (PMA, PMR, PDP)

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

H] YES, I meet the small business criteria and have submitted the NO, I am not a small business
required qualifying documents to FDA

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

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

E] This application is the first PMA submitted by a qualified small ] The sole purpose of the application is to support
business, including any affiliates, parents, and partner firms conditions of use for a pediatric population

This biologics application is submitted under section 351 of the The application is submitted by a state or federal
Public Health Service Act for a product licensed for further government entity for a device that is not to be distributed

manufacturing use only commercially

6. IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUE TO SOLE USE IN A
PEDIATRIC POPULATION THAT NOW PROPOSES 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).)

D YES 9 NO

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

o 0

https://fdasfinapp4.fda.gov/CFAPPS/mdufma/cov ersheet/lndex.cfm?fuseaction=fuse RptC... 9/9/2004-1 56
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HITACHI
HITACHI MEDICAL CORPORATION
1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 101-0047, Japan

SPECIAL 5 10(k)
Device Modification

Hitachi ETG-4000 Optical Topography System

Submitted September 13, 2004 by:

Hitachi Medical Corporation
1-1I- 14 Uchi-kanda, Chiyoda-ku

Tokyo 10 1-0047, Japan
Phone: 81-3-3294-3851
Fax: 81-3-3294-3860

For inquiries, contact:

Doug Thistlethwaite
Official Correspondent

Email: Thistlethwaitefl~hitachimed.com
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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 2

Statement of Intended Use 3

Device Description 4

Includes:

Device Description

Product Specification

Declaration of Conformity with Design Controls 5
Comparison to a Predicate Device 6

Includes:

Predicate Comparison Table

Product Labeling 7
Includes:

Operator's Manuals

Marketing Literature

©2004 Hitachi Medical Corporation ETG-4000 Table of Contents
Page I of 2
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Subject Section
Software Documentation 8

Includes:

General Information, Level of Concern Statement

Software Requirements

Software Design and Development, Quality Plan

Software Validation

Safety Information 9
Includes:

Test Reports

Biocompatibility Statement

Hazard (Risk) Analysis

Performance 10
Includes:

Sample Data

02004 Hitachi Medical Corporation ETG-4000 Table of Contents
Page 2 of 2
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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 5 1 0(k) Device Modification
Hitachi ETG-4000 Optical Topography System

To Whom It May Concern:

Pursuant to the requirements of Section 51 0(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 of a 5 1 0(k):

Item Description

Device Name Oximeter 71e 1C
Trade/Proprietary Name ETG-4000 Optical Topography System
Common Name Oximeter

Establishment Registration Hitachi Medical Corporation, Inc. #8030405

Classification II 7
Classification panel Anesthesiology

Classification Name Sec. 870.2700 Oximeter
Product Codes DQA

Applicable Performance Laser performance standards outlined in 21 CER 1040. 10-1 1.
Standards/Special Controls ______________________________

©2004 Hitachi Medical Corporation ETG-4000 Cover Letter
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CDRH SUBMISSION COVER SHEET

Date of Submission: September 13, 2004 FDA Document Number:

Section A Type of Submission
PMA PMA Supplement PDP 510(k) Meeting

fl Original submission 0 Regular 0 Presubtsssion 0 Driginal submission: 0 Pre-IDE meeting
[] Modular submission [ Special summaty [ Traditional `] Pre-PMA meeting
[] Amendment E[ Panel Track C] Original PDP 71 Special [ Pre-PDP meeting
[ Report C 30-day Supplement El Notice of intent to [ Abbreviated [ ] 80-day meeting
[ Report Amendment [] 30-day Notice start clinical trials El Additional C Dthcr (specify):

o 135-day Supplement [ Intention to submit information:
o Real-time Review Notice of Completion [ Traditional
O] Amendment to [ Notice of Completion El Special

PMA Supplement [] Amendment to PDP [ xbbreviated
El Report

IDE Humanitarian Device Class II Exemption Evaluation of Other Submission
Exemption Automatic Class Ill

El Original submission D Original submission Designation Describe submission:
O Amendment F Original submission E] Additional
El Supplement F Amendment information F1 Original submission

U Supplement [] Additional
El Report information

Section B Applicant or Sponsor
Compaany / Institution name: Establishment registration number:

Hitachi Medical Corporation 8030405

Division name (if apnlicable): Phone number (include area code):

( )
Street address: FAX number (include area code):

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

City: Tokyo 101-0047 State / Province Country: Japan

Contact name:

Contact title: Contact e-mail address:

Section C Submission correspondent (if different from above)

Company / Institution name: Hitachi Medical Systems America, Establishment registration number: 1528028

In1c.

Division name (if applicable): Phone number (include area code):

(330 ) 425-1313

Street address: 1959 Summit Commerce Park FAX number (include area code):
(330 )425-1410

City: Twinsburg State /Province: OH L-"*0g 7 Country: USA

Contact name: Doug Thistlethwaite

Contact title: Manager of Regulatory Affairs Contact e-mail address: thistlethwaited@hitachimed.com

Version 2.0 FINAL ORAFF-- May S. 1998
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Section DI Reason for Submission - PMA, PDP, or HDE
f" New device [] Change in design, component, or specification: EI Location change:
[] Nithdrawal [ Software Fl Manufacturer
fl Additional or expanded indications E Color Additive [ Sterilizer
El Licensing agreement [ Material [] Packager

[ Specifications C Distributor
[ Process change El Other (specify below)

El Manufacturing E Report submission:
El Sterilization El Labeling change: [] Annual or periodic
o 'ackaging E ndications El Post-approval study
o] Other (specify below) 0 Instructions El Adverse reaction

[ Performance Characteristics Fl Device defect
ol ,esponse to FDA correspondence: El Shelf life l Amendment

0 Request for applicant hold [] Trade name
0 Request for removal of applicant hold U O)ther (specify below) 0l Change in ownership
[ Request for extension El Change in correspondent
[] ,equest to remove or add manufacturing site

[] Other reason (specify):

Section D2 Reason for Submission - IDE
[ New device El Change in: [ Response to FDA letter concerning:
O Addition of institution [] Correspondent [] Conditional approval
O Expansion / extension of study - Design El Deemed approved
O IRB certification U Informed consent 0 Deficient final report
o] Request hearing C Manufacturer U Deficient progress report
3] Request waiver U Manufacturing process C Deficient investigator report

O Termination of study r Protocol- feasibility [ Disapproval
U Withdrawal of application C Protocol - other [] Request extension of
O Unanticipated adverse effect El Sponsor time to respond to FDA
O] Notification of emergency use [] Request meeting
o Compassionate use request r Report submission:
O] Treatment IDE El Current investigator
O Continuing availability request F] Annual progress

O] Site waiver limit reached
Ol 7inal

C- Other reason (specify):

Section D3 Reason for Submission - 510(k)
[] New device 0] Change in technology C Change in materials
C/ Additional or expanded indications W Change in design C Change in manufacturing process
O Other reason (specify):

Version 2.0 FINAL DRAFT -- May 8. 1998
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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:
I DQA 2 3 4t,1e 510(k) summary attached

581 6 r 5 10(k) statem ent

Information on devices to which substantial equivalence is claimed:

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

I K01 1320 I ETG-l00 Optical Topography System 1Hitachi 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 or usual name or classification name:

Oximeter

Trade or proprietary or model name Model number

i ETG-4000

2 2

3 3

4 4

5 5

FDA document numbers of all prior related submissions (regardless of outcome):

2 3 4 5 6

7 8 9 10 JI1 12

Data included in submission: /I Laboratory testing fl Animal trials [ Human trials

Section G Product Classification - Applicable to All Applications
Product code DQA C.F.R. Section: 870 2700 Device class:

[ Class I tClass II
E Class III [ Unclassified

Classification panel: Anesthesiology

Indications (from labeling):

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

VL
Version 2.tS FINAL DRAFT - May t i998
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Item 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 K01 1320. 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 Hitachi Medical Corporation
Facility/Facilities 1-1-14 Uchi-Kanda, Chiyoda-ku

Tokyo, Japan

List Of Attachments

Section Description

2 5 10(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
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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, I
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: thistlethwaitedc~hitachimed.com

<Doyig Thistlethwaite
Q.Manager, Regulatory Affairs

Hitachi Medical Systems America, Inc.

©2004 Hitachi Medical Corporation ETG*4000 Cover Letter
Page 3 of 3
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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
Original FDA establishment registration number: O Manufacturer r Contract sterilizer

fl Add 0 Delete I (}3o,1o5 [ Contract manuthcturer M Repackager / relabeler

Cnmnanx; / inetiottiin namop Establishment relistration number:
Hitachi Medical Corporation 8030405

Division name (if applicable): Phone number (include area code):

( 81 ) 3-3294-3851

Street address: FAX number (include area code):

- 1-14 Uchi-Kanda, Chiyoda-ku (81 ) 3-3294-3860

City: Tokyo 1 01-0047 State / Province: Country:Japan

Contact name:

Contact title: Contact e-mail address:

n Original FDA establishment registration number: F Manufacturer 0 Contract sterilizer
E Add n Delete [] Contract manufacturer r Repackager / relabeler

Company / Institution name: Establishment regiotratinn number:

Division name (if annlicable): Phone number (include area code):

( )
Street address: FAX number (include area code):

( )
City: State / Province: Country:

Contact name:

Contact title: Contact e-mail address:

r' Original FDA establishment reoistration number: - Manufacturer 0 Contract sterilizer
0 Add O Delete El Contract manufacturer 0 Repackager / relabeler

Companv / Institution name: Establishment registration number:

Division name (if applicable): Phone number (include area code):

( )
Street address: FAX number (include area code):

( )
Cite: State / Province: Conntrv

Contact name:

Contact title: Contact e-mail address:

Version 2 0 FINAL DRAF - May 8 1998
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Section 2

510(k) Summary

©2004 Hitachi Medical Corporation ETG-4000 Section 2
Page ] of4
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HITACHI
HITACHI MEDICAL CORPORATION
1-1-14 Uchi-Karnda, Chiyoda-ku
Tokyo 101-0047, Japan

510(k) Summary

Submitter Information
Submitter: Hitachi Medical Corporation

1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 10 1-0047, Japan

Contact: Douglas J. Thistlethwaite
ph: (330) 425-1313
fax: (3 30) 425-141 0

Date: September 13, 2004

Device Name
Device Name: Optical Topography System .*1 .

Trade/Proprietary Name: ETG-4000 OC .u RA
Common Name: Oximeter

Classification Name: Oximeter
Classification Number: Sec. 870.2700

Predicate Device
Predicate Device: Hitachi ETG-l00, KOI1320

©D2004 Hitachi Medical Corporation ETG-4000 Section 2
Page 2 of 4
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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 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
Page 3 of 4

FOI - Page 51 of 482

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

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



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
Page 4 of 4
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Section 3

Indications for Use

©D2004 Hitachi Medical Corporation ETG-4000 Section 3
Page I of 2
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5 10(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
ox yh emoglob in.

(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 _____

©2004 Hitachi Medical Corporation ETG-4000 Section 3
Page 2 of 2
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Section 4

Device Description

Section Contents:
ETG4000 SYSTEM DESCRIPTION ................................................................................................................................................................ 2

ETC4000 PRODUCT SPECIFICATION ......................................................................................................................................................... 5

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

©2004 Hitachi Medical Corporation ETG4000 Section 4
Page I of 8
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ETG-4000 System Description

©2004 Hitachi Medical Corporation ETG-4000 Section 4
Page2 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
Page 3 of 8
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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. It is small and transportable. 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
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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 5 of 8
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ETG-4000 Product Specification

1) Measurement Portion
(1) Measured Items

Oxygenated Hemoglobin concentration change
De-oxygenated Hemoglobin concentration change x
Total Hemoglobin concentration change J, >

(2) Light source I ( -k '
Semiconductor Laser &

2 Wavelengths (695nm±20nm. 830nm±20nm)
Each Wavelength 18 (2 probes)
Each Wavelength 1O(l probe)

Radiated Power 2.0+0.4mW(695nm)
2.0+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 3xl1
Two probe 48 2

46 1 1
48 1 1
44 2
46 I 1

52 1 1_521
A single probe 24 I

22 1
24

Optical fiber: 2 probes (18 lines for transmission, 16 lines for reception)
I 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 0.1 sec 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) 3x3 holder
(2) 4x4 holder
(3) 3x5 holder
(4) 3x 1 lholder(2probe exclusively)
(5) Optical Fiber

3) Computer
(1) Main Unit (CPU) CPU:IntelRPentiumR4 processor 1.5GHz or greater

256MB or greater RAM, 30GB or greater HD
(2) Operating System MicrosoftR WindowsR2000 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 3xll

No.of Measurement Points 24 22 24 52
No.of Light Sources 8 8 10 17
No.of Detectors 8 7 8 16
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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)
Serial communication (RS232C) 2 channels
Network (LAN) 1 line ( not operational during optical topography measurement)
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Section 5

Declaration of Conformity with Design Controls
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Summary of Design Control Activities
ValidationNerification Activities

The design validation/verification tests that were performed as a result of the risk 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
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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.

Title

Date

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: 
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Section 6

Comparison to Predicate Device
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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 is the number of available channels.

Table 1: Specification Comparison

Hitachi ETG-4000 Hitachi ETG-100
.Chanaels,.
Number of channels 24, 48 (52) channel configuration 24 channels

MeasSrementi temo c t
Same Change in oxyhemoglobin concentration
Same Change in deoxyhemoglobin concentration
Same Change in total hemoglobin concentration

Light Source
Light source Same Semiconductor laser
Wavelength 695, 830nm 780, 830nm
Modulation system Same Frequency modulation, rock-in-amp system
Measurement rate Same lOOms
Number of sources 20 (2 wavelengths X 10), 36 (2 X 18) 20 (2 wavelengths X 10)
Laser Safety Class I M 3A
(IEC)

plh0toitetectOr
Type Same Avalanche Diode
Number of detectors 8, 16 8

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

Choose two (4x4, 3x5, 3x3, 3x1 1)
Detected light level Same Automatic
adjustment
Number of channels 24, 48 (52 with 3x1 1) 24

Dlspiay :
3D image Same Probe positioning unit,

3D Composite unit,
Wire frame display

Hb Time-course Time-course display, Time-course display,
display Mapped display, Topography display

Topography display

Da ta O u tp ut _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __a

Data types Measurement, Measurement,
Voltage, Voltage,

Hemoglobin, Hemoglobin,
Topographic image (still), Topographic image (still)

Topographic image (motion)
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__________________Hitachi ETG-4000 Hitachi ETG-100
Probe~~~~~~~~Lictnten 1

Fiber diameter Same Incident light I1mm,
Detected light 1.5mm

Tip materia Plastic Stainless steel

Tip configuration! Angle, spring installed structure Straight, angle spring installed structure

structure _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Neonatetp Available Available

External dimensions 526x933x1470 5'70x1 I 1x1310

Mass Approximately130k Approximately 130kg

Power source AC 120V, 500 VA or less AC 120V, 500VA or less

Electical Safety~77777777 7 ~ '
Electrical Safety Test IEC 60601-1, IEC 60601-1-1, lEC 60601 -1,

Standrd Aple 1 IEC 60825-1 IEC 60601-1-1, IEC 60825-1
Safety Class (IEC I

-60601I-1
Waterproo No No
Explosion proof oN
LIIeI~n'

IUser'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)
K01 1320.
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Section 7

Product Labeling
Operator's Manuals and Marketing Literature

Manual No. Title Page

Operator's Manuals

QIE-FS0242-1 System Instruction Manual 3

Site Planning Guide

N/A Noine required'

Marketing Literature

Not assigned ETG-4000 Product Brochure 210

Product Labels

N/A IEC Test Report excerpt 215

The ETG-4000 is portable and requires no special room environment.
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Operator's Manual

Note to Reviewer:

The Operator's Manual is the initial draft for the product. It will be edited, reviewed and
released prior to the first commercial shipment of the product.
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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 instruction 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 install 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.
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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 light 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 cine 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 simultaneously 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 so on. Also, it is a

mobile type allowing for bedside measurement.

Please read descriptions to use the system safely before use.

1 - I QIE-FSO242
Page 9 of 225 7(t

FOI - Page 78 of 482

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

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



Section 1 Getting Started

1.4 Environmental Conditions

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

(i) Working environmental conditions

* Ambient temperature +15 - +35 0C

* Relative humidity 30 '- 85% (no condensation, no freezing)

* Atmospheric pressure 700 -1060hPa

(2) Storing conditions

* Ambient temperature -10 - -I400C

* Relative humidity 10 - 90% (no condensation, no freezing)

* Atmospheric pressure 700 - lO60hPa

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.

(1) Voltage AC 100V±~10%

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.

(2) Phase Single phase

(3) Frequency 50/60Hz

(4) Capacity 500 VA or less

(5) 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 10 (2 or less). Never use the power outlet including no
medical grounding terminal.

(6) 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.

Tablel1.1 Fuse used

Fuse No. Rating
Fl, F2 5A/250V
F3, F4 8A/250V
F5, F6 2A/250V
F7, FS IA/250V

F9, Flo 5A1250V

Fuses used are rush resistant.
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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 in (1.4
Environmental Conditions].

<WARNING>

This system is not explosion proof. Never use it where explosive gas or inflammable
gas such as oil 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 Supply].

(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 50,
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.
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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) Do not bend the optical fiber cable by curvature radius of 30rmm 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 gauze soaked with alcohol to sterilize 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 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 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 notice for
improvement.
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Section 1 Getting Started

1.7.4 Interaction

Never use any device emitting radio wave such as "cellular telephone", "transceiver",

"portable radio", "radio-controlled 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>.

<CAUTION>
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.

* 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.

* Do not install the system where any gas due to chemicals, especially flammable gas,

is generated.

* 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.

* Check if all cable connection is correct and complete.
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Section 1 Getting Started

* 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:

i) 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.
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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

100 (on the side panel)

C 0) ) (on the side panel)

07
6004~~~~~

(on the rear
panel)

Fig. 1.2 Positions of System Labels
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Section 1 Getting Started

TYPE

VOLT

FREQ. 50/60Hz ,RATING 5 VA

SERIAL No. [

Hitachi Medical Corporation
1-1-14 Uchi-Kanda Chivoda-Kin Tokyo Japan

09

Lkti,~t. t

10,A: 4row

;AA:: 695nm, 830nm
IEC60825-1 Ed. 1 212m01-08

att
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Section 1 Getting Started

1.11 Cautions in Applying to the Patient

1.11.1 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
instructions by the doctor.

(3) For the study of an infant, engage in the study with it assisted.
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Section 2 System Composition

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

* Optical transmitter/receiver

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

* Display (18.1" LCD)

(2) Probe set

* Probe holder Max 3 sets

* Optical fiber cable (1mm ¢, 3m, with plug) Max 2 sets

(2) Ink-jet color printer 1 set

(3) Accessories

* Hair keeper 2

* Check phantom 1 (built-in)

* Instruction manual (Main unit) 1 set

* Instruction manual (PC and so on), others 1 set

Display

Optical fiber
cable hanger ½ 1

Probe 't See Fig. 2.2.

Main cabinet

Wheel

Fig. 2.1 Appearance of the System
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Section 2 System Composition

MO

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
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Section 2 System Composition

Printer

See Fig. 2.5.

See Fig. 2.6.

Fig. 2.4 System Rear View

r - Analog IN 1
Digital IN x/

USB

RS-232C Digital OUT Analog IN 2

Fig. 2.5 External Output Terminal
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Section 2 System Composition

Main switch Fuse

AC 100V

Fig. 2.6 System Bottom View (Power BOX)
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Section 3 Preparation before Use

Section 3 Preparation before Use

3.1 Power Operation

3.1.1 Power ON

(i) 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).
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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.

Fig. 3.4 Shut Down Message
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Section 3 Preparation before Use

(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. 3.5 Phantom Appearance 1

Fig. 3.6 Phantom Appearance 2

Protection cap

Fig. 3.7 Fiber Socket
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Section 3 Preparation before Use

NOTE: 1) When pulling out/inserting the fiber cable from/into the phantom, be sure to
hold the 0 part.

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

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

(3) 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].

(4) 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.

(5) 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.

(6) 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
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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]).

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.
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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 Use].

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.
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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.

NJ¢~a~~rcmentn

Analy~ ~~~ieco

lt

Fibe Manat-r

Fig. 4.2 [Operation] Button

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

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

Fig. 4.3 [Operation] Button
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Section 4 Measurement Operation

Stim measurement (Stimulation measurement)

C) 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

FREI_ ---- 4 Time
Rest Task Rest Task Rest Task Rest

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

Rest Task Rest

Fig. 4.4 Outline of Stim Measurement

Event measurement (Event variation)

$ 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.

© Outline of measurement method

Measurement data Evet Een

M ea suremenneiemrt startsE[ Ee E

Time

Fig. 4.5 Outline of Event Measurement

4 -3 QIE-FS0242
Page 31 of 225

FOI - Page 100 of 482

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

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



Section 4 Measurement Operation

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.

Fig. 4.6 Stim 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 the 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 [6.2.1 Stim measurement parameters]).
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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].)
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Section 4 Measurement Operation

4.3 Setting Display Parameters

Set display parameters for measurement data to be displayed during measurement.

(i) [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.

(c) 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.)

b lt Mwpmc On H&W KVPM 0" HWW~ It~wcr

R*~~~~ ~~~ Thsa 4 AbSva

Fig. 4.8 DISP Button

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

Green Normal
Yellow Under Gain
Red Over Gain

Gray OFF

Fig. 4.9 AD Status Window
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Section 4 Measurement Operation

Hb Time Course Window Hb Mapping Window

Hb Mapping On Head Window

Fig. 4.10 Realtime Integral Window
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Section 4 Measurement Operation

(2) Selecting time unit (displayed on the left side of main screen)

(For details, see [6.1.1 Information display area].)

(a) Select the time unit to be displayed. [si, [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.

Fg4.2 Seting ieAi

10 [min]10
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Section 4 Measurement Operation

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.

... .... ... ... ~ ~ ~ ~ ~ ~ (1

A

Fig. 4.13 Probe Set Window

(i) 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.
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Section 4 Measurement Operation

(4) Adjust Auto Gain and confirm it.

1)

Rpeat button1

Single button

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.

ILASER ONF LASER ti

Light green Light yellow

Fig. 4.15 Laser Button

2) The Auto Gain process can be performed once ([Single] button) or repeated ([Repeat]
button).
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Section 4 Measurement Operation

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.

* Default of laser output intensity is [High].

When there are many "Over", set laser output to [Normal] or [Low].

When using for an infant, set laser output to [Low] or [Normal].

* 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.

7off] F~~~~ow] 1EE1 F~~~High]

Gray ~ Purple Light blue <Orange f

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.
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Section 4 Measurement Operation

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.

FKg. 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.
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Section 4 Measurement Operation

(I) Stimulation marking during measurement

(a) 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

(b) 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].)

(c) 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)].)

(d) When marking by the external input signal (stimulation entry is {External} in the

Parameter Set window.

* 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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Section 4 MeasuremetOerto

(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].

Fig. 4.19 When Measurement is Suspended

(3) In the following cases, measurement stops.

(a) Clicking the [STOP] 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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Section 4 Measurement Operation

(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 is not saved.
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Section 4 Measurement Operation

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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Section 4 Measurement Operation

(i) Stimulation marking during measurement

(a) When marking automatically (stimulation entry is {Auto} 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.

(b 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 (FTl-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].)

(c When marking via serial communication (Stimulation entry is {Serial} in the

Parameter Set window)

* 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).

* 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)].)

(d) When marking by the external input signal (Stimulation entry is {External} in the

Parameter Set window)

*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 suspends measurement and the button name turns to
[UnPAUSE].

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.)

U/AS

Fig. 4.22 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.

HTO
Fig. 4.23 STOP Button
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Section 4 Measurement Operation

(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.)

.. ... r... . .

Fig. 4.24 File Manager Window

4 -20 QI E-FS0242
Page 48 of 225

FOI - Page 117 of 482

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

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



Section 4 Measurement Operation

(1) When the following warning message is displayed, click the [Addition] button to register

patient data.

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.

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

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

(When saving without overwrite, press the [Save As] button.)

Fig. 4.26 Saving File

(a) Age of the patient when measured can be changed.

(b) Comment for measurement can be changed.

(c) When saving data, click the [OK] button.

(d) When canceling data saving, click the [Cancel] button.
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Section 4 Measurement Operation

(3) When completing saving, the following appears and information on measurement data
saved is displayed. Correctness of data information saved can be checked.

T) ®Z ® ®4 ® 6()e(® ® ®®®® ®i

2003/01/08 12:39 2003/01/00 10:41 Grippkg 4 x 4 4x 4 Continuous Iiii X X 0001
2003/01/08 18:43 2003/0t/08 18:44 Grppis 4 x 4 4 x 4 Continuous Stlm X X 0002
2003/01/O0 18:45 2003/01/08 18:47 Grinpkm 4x 4 A x 4 Continuous Slim X X 10603
2003/01/09 18±65 2003/01/08 10:59 Gruinit 4x 4 4x 4 Continuous Stim X X 0004
2003/01 /00 19:06 2003/01/08 19:09 Grippinu 4x 4 4x 4 Continuous Stlm , X 00062003/01/08 19:06 2003/01/14 11:40 Gripping 4 x 4 4x 4 Continuous Slim X X 0o00
2003/01/08 10:06 2003/01/14 11:40 Gripping 4 x 4 4 *4 Continuous Slim X X 0007
2003/01/08 19:06 2003/01/16 13±35 Gripping 4 x 4 4x 4 Continuous Slim 4 . 0008
2003/01/00 19:06 2003/01/27 09:36 G.ppking 4 x 4 4x 4 Continuous Slim X { 0009
2003/01N/f 19;06 2003/03/03 10:33 Crippan 4 4 Ax A Continuous Slim X X 0010

Fig. 4.27 Measurement Data

10 Displays date and time when measured.

(© Displays date and time when saving measurement and analysis.

(©) Displays comment.

40 Displays the shape of probe i (Shape of probe: 3 X 3, 4 X 4, 3 X 5)

® Displays the shape of probe 2 (Shape of probe: 4 x 4, 3 x 5) * Only for 48CH case.
V Displays type of analysis (Continuous, Integral)

(~) Displays type of stimulation (Stim, Event)

® Displays presence of 3D Space (optional) data by 0 X.

® Displays presence of Video Capture (optional) data by O X.
R For measurement data exported, displays the folder to which data was exported.

(9 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 ID.)

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 ID.

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

ID NAME COMMENT DATE ID NAME COMMENT DATE
TARO TARO TASKi 03/07/20 03/07/20 - TARO TASK1 03/07/20
TARO TARO TASK2 03/07/20 03/07/20 - JIRO TASKI 03/07/20
TARO TARO TASKI 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.)
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Section 4 Measurement Operation

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.

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.

Fig. 4.30 Addition Button
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Section 4 Measurement Operation

(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.
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Section 4 Measurement Operation

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] --) [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)
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Section 4 Measurement Operation

(b) The following window appears. Select COM1 for the connecting method and click
[OK].

Fig. 4.33 Connection Set Window (Selecting connection method)

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

Bit/s 9600
Data bit 8
Parity None
Stop bit 1
Flow control None

Fig. 4.34 COM1 Set Window
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Section 4 Measurement Operation

(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
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Section 4 Measurement Operation

(0 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.
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Section 4 Measurement Operation

4.7.2 Setting parameters of Serial measurement

Set parameters before starting measurement utilizing serial communication.

(1) Clicking the [Parameter Setl button in main screen displays the Parameter set

window.

Fig. 4.38 Parameter Window (External)

(2) Select Serial settings as shown below.

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

COM OUT Select when outputting signals from thdisplay changes.

COM Port COMI

Baud Rate 9600

Stop Bit 1

Data Bit 8

Parity None
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Section 4 Measurement Operation

(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)

RS-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

Command name Command Receiving by Transmitting from
ETG-4000 ETG-4000

Start Starts measurement. Informs start of
measurement

top Stops measurement. Informs stop of
measurement

Stimulation Mark One of characters Informs insertion of........ +Inserts stimulation mark.(Stim Measure) "A"-"J" + Space stimulation mark
Inserts and displays
stimulation mark

Stimulation Mark One of characters "A + Space" displays "Fl" Informs insertion of
(Event Measure) "A"-"J" + Space "B + Space" displays "F2" stimulation mark

"J + Space" displays "F10"
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Section 4 Measurement Operation

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 [VI 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).
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Section 4 Measurement Operation

(3) Select External Trigger setting as shown below:

(a) Mark

Select valid/invalid of Stimulation setting of external input signal.

* None

Mark input by external input signal trigger is not valid.

* J,M

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

For analog signal
J is 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.

(b) Trigger channel

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

EXTI, EXT2

(c) 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.

(d) Trigger

Select orientation of the edge of stimulation mark trigger. Items 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 Out].

4-32 QIE-FS0242
Page 60 of 225

FOI - Page 129 of 482

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

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



Section 4 Measurement Operation

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

alternately].)

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

o Select a method of mark input [Auto] from Mark In.

Q Set Wait Time to 10 Es].

® Click the [A] button of Mark Class to set it to "Sequence" shown below.

( Enter "Stim A" to Name as a name of stimulation class.

Set Stimulation (stimulation periodi) to 20 Is].

Set Relax time to 30 [s].

O Set Repeat Count (repeating time of Sequence) to 3.

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

Wait Time Stim Time Relax Time Stim Time Relax Time Stim Time Relax Time

1Os 20s 30s 20s 30s 20s 30s

Fig. 4.42 Mark Input Timing
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Section 4 Measurement Operation

(2) External input - mark input by serial communication

1 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

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

(I Enter ["A" + Space + Return] on the main screen of hyper terminal.

Fig. 4.44 Hyper Terminal Window

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

®9 When marks are to be inputted further, repeat ®9 and 1).
If completing entries above, marks are inputted three times in measurement.

Mark In Mark In Mark In Mark In Mark In Mark In
#1 #2 #3 g4 #5 #6

Fig. 4.45 Mark Input Timing
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Section 4 Measurement Operation

(3) External input - mark input by External Input

(D Follow [4.7.4 Setting parameters of External measurement].

* Select "External" for Mark In.

* Set "J" for Mark.

* Set "UP" for Trigger.

* Set "EXTI" for Trigger Ch.

* Set 2 [VI for Threshold.

* Set 5 [VI for AID Gain.

Fig. 4.46 Setting External Parameters

With setting above, if input voltage to EXTI becomes over 2 [V], the mark "J" is

inputted in measurement.

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

Mark I1 Mark In Mark In Mark In Mark In Mark Ih

#1 ¢#2 #3 ,4 #5 #6

V

:1 Threshold ~ -
2V t t

0~~~~~ ~ ~~~~~~~~~ '-. x""s

Input'

Fig. 4.47 Mark Input Timing
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Section 4 Measurement Operation

(4) External input - mark input by Digital In

0 Follow [4.7.4 Setting parameters of External measurement].

* Select "External" for Mark In.

* Set "A" for DINI of Digital In.

* Set"UP" for Trigger of DINl of Digital In.

Fig. 4.48 Setting Digital In Parameters

If there is input voltage to DINI with setting above, a mark "A" is inputted in
measurement.

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

A 10 ! A, :4 >

Mark In Mark In Mark In Mark In Mark In Mark In#1 #2 #3 #4 #5 #6

V

5V

Input
voltage to

DINI of
Digital In

S

Fig. 4.49 Mark Input Timing

NOTE: 1) Input pulse width needs 100ms or more.
2) Interval from the end of mark to the input of next mark needs 100ms or

more.
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Section 4 Measurement Operation

4.8.2 When repeating one type stimulation (Event measurement)

(i) When marking from the system

Select "Event Measurement" tab of Parameter Set window.

Fig. 4.50 Parameter Set Window

O Select "Auto" for Mark In.
Q2) Set 10 [s] for Wait Time.
C3) Click the
C4) "A" button of Mark Class to set it to Sequence at the bottom.

(® Enter "StimA" into Name for the stimulation class.

® Set 50 [s] for Relax time.
(72 Set 3 for Repeat Count (sequence repeating time).

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

F1 F1 F1

hA~~~~~~~~~~~~~~~~~~~~~~~~~~~1
Wait Time Relax Time Relax Time Relax Time
los 5s ~50S 50S

Fig. 4.51 Mark Input Timing

(2) External input: when marking via serial communication

1 Follow [4.7.2 Setting parameters of Serial measurement].

* Select "Serial" for Mark In.
* Set Serial as shown below.

Fig. 4.52 Parameter Set Window
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Section 4 Measurement Operation

© 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

O) 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

O Follow [4.7.4 Setting parameters of External measurement].

Select "External" for Mark In.

Set "M" for Mark.

Set "UP" for Trigger.

* Set "EXTI" for Trigger Ch.

Set 2 [V] for Threshold.

Set 5 [V] for A/D Gain.

Fig. 4.55 Setting External Parameters
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Section 4 Measurement Operation

If input voltage to EXTI becomes 2 [VI or more with setting above, the mark "M" is

inputted in measurement.

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

M M M M M M

Mark In Ma k In Mark In Mark In Mark In Mark In

VA #1 
#4 #5

2V \"' '~ Threshold
2V J !

voltage Ii I ) \ /~
of EXTi i~~~~~s~~~~ l

ig. 4.56 Mark Input Timing

(4) External input: when marking with Digital In

ED Follow [4.7.4 Setting parameters of External measurement].

* Select "External" for Mark In.

* Set "Fl" for Digital In.

* Set "UP" for Trigger.

Fig. 4.57 Setting External Parameters

If there is input voltage to DINT with setting above, the mark "Fl" is inputted in

measurement.
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Section 4 Measurement Operation

F1 F1 F1 F1 Fl Fl

Mark In Mark In Mark In Mark In Mark In Mark In
#1 #2 #3 #4 #5 #6

5V

Input 1 44
voltage to Ii
DINI of II
Digital InK

0 

_ 

-

_

Fig. 4.58 Mark Input Timing

NOTE: i) Input pulse width needs lO0ms or more.
2) Interval from the end of mark to the input of next mark needs lO0ms or

more.

4.8.3 When repeating two types at stimulation alternately
(1) Mark input from the system

Select "Stim Measurement" tab of parameter setting window.

Fig. 4.59 Setting Stint Measurement Parameters

(T) Select "Auto" for Mark In.
&j Set 10 [sI for Wait Time.

©M Click the "A" and "B" buttons of Mark Class and set "Sequence" at the bottom.
@1 Enter "StimA" and "Stim-B" respectively to Name as stimulation class names.
®5 Set Stimulation (interval of stimulation) to A= 10 [s] and B = 15 [sI.
06 Set Relax time to A =20 Es] and BSO3 [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.

BA

Waittlime StimnTimne Relax Time Stimn'Time RelaxTifme Stim-Timne Relax Time St~im Time R-elax Time
10S l0S 20s 15S 30s 10S 20s I5s 30s

Fig. 4.60 Mark Input Timing
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Section 4 Measurement Operation

(2) External input: Mark input using serial communication only

O Follow [4.7.2 Setting parameters of Serial measurement].

* Select "Serial" for Mark In.

* Set Serial communication as shown below:

Fig. 4.61 Setting Serial Parameters

©2) 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.

................. ......... B A ...........

Mark In Mark In Mark In Mark In Mark In Mark In
#1 #2 #3 #4 #5 #6

Fig. 4.63 Mark Input Timing
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Section 4 Measurement Operation

(3) External input: Mark input using External Input only

0 Follow [4.7.4 Setting parameters of External measurement].

* Select "External" for Mark In.

* Set "Sequence" for Mark.

* Set "UP" for Trigger.

* Set "EXTI" for Trigger Ch.

Set 2 [V] for Threshold

Fig. 4.64 Setting External Parameters

If input voltage to EXT1 exceeds 2 [V] with setting above, marks "A" and "B" are
inputted in measurement.

B
Mark 1�4 kkniIn Markln Mar in Ma nVA #1 -2 Ma#3 R 44 #5

I t .
2V Threshold A ;

InputI-hi
voltage y,,
to EXT '1 /

Fig. 4.65 Mark Input Timing
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Section 4 Measurement Operation

(4) External input: Mark input using Digital In only

fl2 Follow [4.7.4 Setting parameters of External measurement].

* Select "External" of Mark In.

* Set "A" to DIN1 of Digital In.

* 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.

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

DIN1 DIN2 DIN1

B I

Mark In Mark In Mark In Mark In Mark In Mark In
V AL #1 #2 #3 #4 #5 #6

5V

Input
voltage
to
Digital
In

0~~~~~~~~~~~~~~~~~~~~~~~~
Fig. 4.67 Mark Input Timing

NOTE: 1) Input pulse width needs lOOms or more.

2) Interval from the end of mark to the input of next mark needs lOOms or
more.
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Section 4 Measurement Operation

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] button of the main screen displays the Parameter Set
window.

Click 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".

* 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

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.

2

Inteeral

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 Manager], see [6.4 File Related Operation].
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Section 5 Analysis Procedure

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.

a I' Dxy

b

'~~~YLtb ib Ft Tie~or

11111-M th e~tvtOn pWi

Topc2 d
I",jjiT~oo2 On Head

AD StfaU

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 recalculation and redisplay.

(When changing settings by Parameter Set, the Reanalyze button needs not to be
pressed.)
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Section 5 Analysis Procedure

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.

Double click on any
stimulation for the cursor
to jump to its head.

Fig. 5.4 Mark Information Window

(3) Filter 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} Ž-_ {Sampling Period) x 2.

Moving average process

Normal
Moving average

Variation W thout averaging Variation

Hb concentration
variation graph

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
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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

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

* Mark input method
* Sampling Period
* PreScan Time
* Total Time
* Body Movement

(For details, see [6.2 Description on Parameter Set Window].)
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Section 5 Analysis Procedure

5.2.2 Executing Continuaus analysis
(2) Clicking the [START] button replays the result of Continuous analysis in the cine

mode on the main screen.

Fig. 5.10 Replay Screen

(i) Clicking the [Pause] button suspends and resumes analysis.

Every time clicking the button, PAUSE and UnPAUSE are replaced alternately

UtnPAUSEJ

Fig. 5.11 [PAUSE] Button

(2) Clicking the [STOP] button stops analysis.B....
Fig. 5.12 [STOP] Button
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Section 5 Analysis Procedure

(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.

(a) (b)

Fig. 5.13 Setting Graph Display
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Section 5 Analysis Procedure

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.

Double click on 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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Section 5 Analysis Procedure

(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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Section 5 Analysis Procedure

5.3.2 Executing Integral analysis

(4) Click the [START] 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.

Fig. 5.18 [PAUSE] Button

(3) Clicking the [STOP] button stops analysis.

Fig. 5.19 [STOP] Button

5 - 10 QIE-FS0242
Page 82 of 225

FOI - Page 151 of 482

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

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



Section 5 Analysis Procedure

(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 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.

(a) (b)

Fig. 5.20 Setting Graph Display
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Section 5 Analysis Procedure

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 Remrk
Hb Timne Course Mark Edit Mode In the measurement mode and

Data Cut Mode Integral analysis, "Mark Edit
Time Adjust Mode Mode", "Data Cut Mode" and "T. ime

Adj~ust Mode" are made invalid.
Hb M apping __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

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.
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Section 5 Analysis Procedure

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" is

displayed at the left center of window (In Integral analysis, mark edit is unavailable).

Hb lime Course screen Right click to
display the menu.

Fig. 5.21 Mark Edit Mode
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Section 5 Analysis Procedure

(2) Marking

Marking operation in the Mark Edit Mode is shown below.

(a) Selecting a mark to be edited

Step Entry operation Screen display Remarks
1 Use the pointer to select a Color of the mark selected turns to

mark and left click on it. red.

(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
i 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.
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Section 5 Analysis Procedure

(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.

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.

3 Select Set from the right
click menu.
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Section 5 Analysis Procedure

(e) Inserting a mark

S tep Entry operation Screen display Remarks
1 Select Insert from the right

click menu.

2 Determine the posi An insert mark is displayed in red. Two marks are
which the mark is to be inserted
inserted. 

-' automatically.

Move the
marks for

3ffi adjustment.

3 Select Set from the right
click menu.
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Section 5 Analysis Procedure

(f) Canceling edit operation

Cancels edit operation and returns to the previous state.

Step Entry operation Screenemarks

i 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
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Section 5 Analysis Procedure

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.

Fig. 5.24 [PAUSE] Button

(3) Clicking the [STOP] button ends replay of analysis.

HT
Fig. 5.25 [STOP] Button
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Section 5 Analysis Procedure

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 isply

Fig. 5.26 Realtime Display

(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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Section 5 Analysis Procedure

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 !Hb Time Course screen Rih]likt
display themenu.

Fig. 5.28 Mark Edit Mode
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Section 5 Analysis Procedure

(2) Time adjust operation

The following shows operation in the Time Adjust Mode.

(a) Selecting a position to be edited

Ste Entry operation Screen display Remarks

i Use the pointer to left click The mark selected is displayed in red.

on the graph to be

changed.

(b) Selecting Set Adjust Time

Step En operation Screen display Remarks

1 Select Set Adjust Time Valid when the

from the right click menu. mark is
selected.

(b) Entering time

I Step Entry operation SRemarks
1 Enter any time to be

changed and click the [OK]
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.

5 -21 QIE-FS0242
Page 93 of 225

FOI - Page 162 of 482

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

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



Section 5 Analysis Procedure

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.)

Hb Time Corse screen Right click to
display the menu

Fig. 5.29 Data Cut Mode
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Section 5 Analysis Procedure

(2) Cut out operation

Edit operation in Data Cut Mode is shown below:

(a) Selecting start position

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.

I~~~
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Section 5 Analysis Procedure

(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. 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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Section 5 Analysis Procedure

(c) Data cut

Step Entry operation Screen display Remarks

Right click on the graph

and select Cut.

2 When prompted for final

confirmation, click the
[OK] button.

3 When the gauge reached Executing the

the end, cut process is cut process.

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 Data].)
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Section 5 Analysis Procedure

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.

----- ---[KU vecral

Fig. 5.30 Fie 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.

(c) 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.
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Section 5 Analyis roedr

(2) Upon completing save, the following appears.

2020191:200 003101 /09 19:41 Griphsn 4jr 4 4 x4Gotou m XX 0001

2603/Uhf0t 1849 2003/01/09 1 9:44 Guqppis 4 x 4 Ax A C ontinuous St. K 0002

2003/el/0l 10:45 2003/01/0U 19:47 Grippngs 4 x4 4 x 4 Continuous t 5fm IC I 0003

2003/01 /GB 1056 200I01/01A 19:~59 Grippin 4 x 4 4 x 4 Continuous Slim K IC 0004

2003/01 /09 19':06 2009/01/00 19:09 Gripping 4 x 4 4 x 4 Gontinuou. Slim IC I 0006

2003/01/fl 10:06 2003/01I14 11:40 Grippihg ixd 4 xY4 Continuotat Slim K K 0008

200/01l/GB 19:06 2003/01/14 11:40 Grippin 4 X 4 4 x 4 Continuous Slim K I 0007
2002/01/0819M0D 2005/01/11 13fl5 Gripping 4 x 4 4 z 4 Continuous Slim K N B000

2001/01/GB8 19:06 2008/01/27 09:3 Grippin; 4 x 4 4 x 4 continuous Slim K K 0000

2003/01 /01 10:06 2030aio/o3 1 0:33 Gil, .ki S ,4 4 x 4 Coat Guus til. K IC 0010

Fig. 5.32 Measurement Data

O1 Displays date and time when measured.

©Z Displays date and time when saving measurement or analysis.

(a Displays description of comment.

(0 Displays the shape of Probe 1.

0~5 Displays the shape of Probe 2.

(D Displays the type of analysis (Continuous, Integral)

(0 Displays the type of stimulation (Stim, Event)

® Displays whether the 3D Space (optional) data is present or not.

(R Displays whether Video Capture (optional) data is present or not.

®~ Displayed the destination folder when measurement data was exported.

(5 Displays file No.

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

Sectior.6 Description on Main Screen

6.1 Description on Main Screen

6.1.

6.1.

6.1.

Fig. 6.1 Main Screen
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Section 6 Description on Main screen

6.1.1 Information display area

(i) Patient Information

Main Screen

Fig. 6.2 Patient Information

1) ID

Enter patient ID.

2) Name

Enter the patient name.

3) Comment

Enter any comment on measurement data. Maximum three lines

4) 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.

Age 401-y

Month 4 m

4-ekw
Day 4-d

Fig. 6.3 Age Menu

5) Patient age

Enter patient age according to items designated in 4) Age.

6) Sex

Select patient sex.

* Male
* Female
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Section 6 Description on Main screen

(2) Time

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. 6.5 Time Change Window

3) Present Time (Display)

Current time is displayed.
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Section 6 Description on Main screen

(3) Measurement Information

* Measurement mode

Fig. 6.6 Measurement Information (Measurement)

Analysis mode

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)

Clicking on it displays the following menu for selecting time display format

4- Second unit

min - Minute unit

< h-min:s 4- lHour:Minute:Second unit

i time 4- 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 is 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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Section 6 Description on Main screen

(4) View Parameter

3) 4)

Fig. 6.9 View Parameter Screen

i) HbMax

2) HbMin

When Hb Range is Auto [Peak to PeakJ -ALL

The maximum values in plus anid minus directions are obtained among all Nb
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 Nb 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*mm].
Increment/decrement value of the up/down button is 0.1.

3) Time (Title)

Clicking on it displays the following menu and set the horizontal axis range of
graph freely. Default is 1 [min].

Fig. 6.10 Free Setting Horizontal Range of Graph
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Section 6 Description on Main screen

(a) Indexing of Hb Time Course and AD Time Course

* When set time is 1 hour and over, it is displayed in the [hi unit.

(Ex.) When setting with 1[hi 30[min]

* When set time is I minute and over and under I hour, it is displayed in
the [mini unit.

(Ex.) When setting with 0[hi 30[min] 30[s]

* When set time is below 1 minute, it is displayed in the Es] unit.

(Ex.) When setting with O[h] O[min] 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[s], 30[s], 1[min], 2[min], 3[min], 4[min], 5[min], 10[min], 20[min],
30[min], 1[h], 2[h], 12[h], free horizontalrange, (FullTime).

Full Time is available only in the Integral analysis.

(Range of Full Time = Pre time + Stim time + Recovery time + Post time)

Fig. 6.11 Selecting Horizontal Range of Graph
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Section 6 Description on Main screen

5) Next Mark

This is displayed only in measurement. It is activated only when Mark is Auto,
and it counts down the time [s] to inserting the next mark.

0.0

Fig. 6.12 Next Mark

>X Scroll 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

0 In the measurement mode

1)

Fig. 6.15 Mark Information (Measurement)
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Section 6 Description on Main screen

O Continuous analysis mode 2)

3)

15 5

Fig. 6.16 Mark Information (Continuous analysis)

O Integral analysis mode 6)

8) 9) 1) 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 [6.2.1 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 [Cancel] 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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Section 6 Description on Main screen

o Stimulation measurement

Double clicking any line
enables the cursor to jump
to 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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Section 6 Description on Main screen

6) Mark

Select a mark subject to the Integral analysis.

*Stim measurement: A-J
*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).

5) Pre

Set pre-stimulation time. Entry range is Sampling Period -999.9 [s.
Increment/decrement of the up/down button is the setting of Sampling Period.

9) Stim

Displays stimulation time in the Stim measurement.

io) Recovery

Set the recovery time [W. Entry range is Sampling Period -999.9 [sI.
Increment /decrement of the up/down button are the setting of Sampling Period.

Ii1) Post

Set the post-stimulation time [W. Entry range is Sampling Period - 999.9[s].
Increment/decrement of the up/down button is the setting of Sampling Period.

(2) Filter1)2

Fig. 6.20 Filter

1) LPF (Low pass filter, cut-off)

Set frequency [Hz] of LPE. 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 MovingAverage
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Section 6 Description on Main screen

Set moving average [s]. Options are as shown below:

* OFF
* Sampling Period * 5
* Sampling Period * 10
* 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 ~~~~~~~ Averaging -
Variation (No averaging) Variation

Graph of Hb
concentration
variation

t t

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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Section 6 Description on Main screen

6.1.3 Continuous display parameter area

(i) Animation display parameters

Set parameters of continuous cine display in analysis.

10 ~~~~~~~~~~~Main screen

Fig. 6.24 Animation Parameters

i) 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 hi] 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 hi.
Also, predetermined values may be selected. Options are shown below:

* 1 >< Sampling Period Is]
* 2 )< Sampling Period Es]
* 5NX Sampling Period Es]
* lO x Sampling Period Es]
* 20)< Sampling Period Es]
* 50>< Sampling Period [si
* 1 00>< Sampling Period [s]
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Section 6 Description on Main screen

6.1.4 Display related operation area

(1) [DISPLAY] button

Main-screen- Hb type to be displayed

Image type displayed on Main image
display area

Fig. 6.25 [DISPLAY] button

When clicked, the following menu appears.

Oxy
Deoxy

Total

Fig. 6.2.3 4 ~ Hb TimeCourse

Fig. 6.2.4 -4 >- Hb Mapping

Fig. 6.2.5 -- Hb Mapping On Head 2)

Fig. 6.2.6 -- '! Topo2D

Fig. 6.2.7 --- Topo2D On Head

Window 4-3)
....... Realtime Integral 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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Section 6 Description on Main screen

Fig. 6.27 Hb Time Course Screen

Fig. 6.28 Hb Mapping Screen
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Section 6 Description on Main screen

Fig. 6.29 Hb Mapping~~~~~~. .... On. Head Scee

Fig. 6.30 Topo 2D~~~~~~~Zs Scre
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Section 6 Description on Main screen

Fig. 6.81 Thbpo 2D On Head Screen

3) Window display options

The menu is shown below:

(For details, see [6.5 Description on Window Display].)

Hb TimeCourse 4- 6.5.1

Hb Mapping -4-- 6.5.2

On Hb Mapping On Head 4- 6.5.3

Topo2 D 4-6.5.4

Topo2D On Head 4-6.5.5

AD Status 4- 6.5.6

Fig. 6.82 Window Display Options

4) Realtime Integral display options

The menu is shown below:

(For details, see [6.6 Description on Realtime Integral Display].)

Hh TimeCourse 4- 6.6.1

H-b Mapping 4-6.6.2

Hb Mapping On Head -66

Fig. 6.38 Window Display Options
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Section 6 Description on Main screen

(2) [Utility] button

Use the [Utility] button only when purchasing the 3D Space (optional).

Fig. 6.34 [Utility] Button
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Section 6 Description on Main screen

6.1.5 Measurement and analysis related operation area

(1) Operation button

O peration 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.

0 Measurement mode

Measurement 1) Measurement

!I Analysis A-- 4)

Stim 5) 2) Integral · 5)

t Event . 3)Continuous .4-6)

File Manager...1 7) ~~~~~~File Manager..

~_ File Out -0 8) File Out t

Print 4 ~~9) Print,..

Fig. 6.36 Operation Button Menu

1) Measurement

Moves to the measurement mode.

2) Stim

Moves to the Stim mode.

3) Event

Moves to the Event mode.

4) Analysis

Moves to the Analysis mode. Updates the state of each item on the main screen.

5) Integral

Executes Integral analysis and moves to the Integral mode.

6) Continuous

Executes Continuous analysis and moves to the Continuous mode.
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Section 6 Description on Main screen

7) File Manager

Displays the following dialog and performs file management of ETG-4000 data.

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

]APPIMM 15.05 20TugI01 54149 VWIMi 4 * 0 . 5 K.*X 0995

an.?. os IOOS10biflTe Fil e .4M% Ou ... .. 2 00,.flhA0i1o i 4gdbiI, f g~ls I .4 4.4 0.t0.. 500*l XN N 0I

zo~~~qn itmap Filea u.. l'4-- 6.4.3 no

3,1Mh/ lo-as IC0I/blfll 944 ot a 4sf 4~ Oil 0. =.o 4 . X Doug50
MIAMI . 1009 2000/0t00 Sf43 wtI~Ia-t 4. 4 c..ia.n

Fig. 6.37 File Manager Window

9) File Out

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.)

Text Fie O. E- 6.4.2

Bitmap File Out...ag-0- 6.4.3

AniatonFil Ot - 6.4.4

Fig. 6.38 File Out Menu

9) Print

The whole main screen is printed out.
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Section 6 Description on Main screen

(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

6.2.1 Refer to 6.2.2 for Event Measurement

Fig. 6.41 Parameter Window and References (Upper section)

O Lower section

Fig. 6.42 Parameter Window (Lower Section)
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Section 6 Description on Main screen

1) Print

Prints the parameter dialog box.

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].)

Fig. 6.44 Probe Set Window
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Section 6 Description on Main screen

(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.

I 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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Section 6 Description on Main screen

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 [JUnPAUSE] Button

6) [Help] button

Fig. 6.51 [Help] Button

(D Manual

Clicking Manual displays this instruction manual in the window.

c) Help

Since the [Help] button is not used at present, it is always inactive.

® Version

Clicking Version displays the version information dialog.

Fig. 6.52 Version Information Window
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Section 6 Description on Main screen

6.1.6 Hardware control area

(1) LASER ON/OFF button

Turns the laser output ON/OFF.

I sEoN I ~E~ oFF I
Main screen

LASEfl OFF LASER ON

Fig. 6.53 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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Section 6 Description on Main screen

6.2 Description on Parameter Set Window

The following describes each parameter set section.

6.2.1 Stim Measurement parameters

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 [si.

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.

* 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

* Serial :Marking is carried out via serial 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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Section 6 Description on Main screen

3) Mark Class

Stimulation mark identification buttons of A to J. Clicking each button adds the

mark to Sequence.

4) Name

Enter any stimulation name of A to J.

5) Stimulation

Set stimulation time Es] ofAto J. Entry range is 1-999 [s].

Increment/decrement by the up/down buttons is 1.

6) Relaxation

Set interval time between stimulations ofAto J. Entry range is 1-999 Es].

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.

(2) Measurement

Set measurement time.

i) Sampling Period

Set measurement period Is]. When changing the value, display of maximum

measurement time is updated.

Entry range is 0.1-10.0 Ws].

Increment/decrement by the up/down buttons is 1.

2) PreScan Time

Set initial measurement time [si. Entry range is 5-32767 [s].

Increment/decrement by the up/down buttons is 1.

3) Total Time

Set total measurement time (hh:mm). Entry range is 0[hl1[min]-Total Max.

Increment/decrement by the up/down buttons is 1 for both [h] and [mini.

4) Total Max

Set the maximum measurement time (hh:mm). Its value is Sampling PeriodX

10X240 [min].
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Section 6 Description on Main screen

(3) Hb Continuous

Set parameters of Continuous analysis.

i) Base Start Time

Set start time Es] for base line calculation. Entry range is -32767-32766 [si.
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 Es] for base line calculation. Entry range is -32767--32766 [s.
However, restriction should be provided so that it is higher than Base Start Time.
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

Over threshold
............ ............... Recognized as

.......... .............. .................... ............. .................... v.men

b [V]

Average
measurement
signal
(Average in a
range of 'a")

a [s]

a Cognition Area
b Threshold Time [s]

Fig. 6.56 When Body Movement Occurred

tine showing
_ _ _ ~~~~~~~~~~~~body movement

Fig. 6.57 Graph Display When Body Movement Occurred

Fig. 6.58 Mark Display When Body Movement Occurred (Lattice display)
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Section 6 Description on Main screen

1) Body Movement

Select presence of action against body movement.

2) Cognition Area

Set cognition area Es] 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.

Oetailed 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
"Threshold", it is 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.)

B C~~~~~~~~~~~~~~~~~~~~C
'EAP~ ~ B A B BE

#1: No movement #2: Moved #2(retry): 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 period +
Recovery time + Post time, this marking period is displayed latticed.
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Section 6 Description on Main screen

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.

i) 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 Es].

Increment/decrement of the up/down button is Sampling Period.

2) Recovery Time

Set the recovery time [si. When Sampling Period is changed, the relevant value
is redisplayed. Entry range is Sampling Period- 999.9 Es].

Increment/decrement of the up/down button is Sampling Period.

3) Post Time

Set the time after applying stimulation [si. 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 H~b conversion

0D Moving average

Set moving average time [si. Options are as shown below:

*OFF
*Sampling Period>( 5 [s]
*Sampling Period) 1i0 [s]
*Sampling Period >( 50 [s]
*Sampling Period X 1 00 Es]
*Sampling Period >X 300 Es]
*Sampling Period >< 600 Es]

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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Section 6 Description on Main screen

Variation (N vrgn) Variation

Graph of
variation of Hb
concentration

t t

Fig. 6.59 Outline of Moving Averaging

6.2.2 Event Measurement parameters

Fig. 6.60 Even Measurement Parameter Window

(i) Stimulation

Operation is same as the tab of [6.2.1 Stim measurement parameters] except no field
to set Stim time Is].

(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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Section 6 Description on Main screen

(4) Body Movement

i) 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 Es] (for Event). When Sampling
Period is changed, the relevant value is redisplayed. Entry range is 1 X
Sampling Period - 1000 X Sampling Period.

Increment/decrement of the up/down button is Sampling Period.

Default is 100 x Sampling Period [sW.

Oetailed descriptio

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
"Threshold", 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 is 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) 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

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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Section 6 Description on Main screen

6.2.3 Display parameters

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:

* 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.

* 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.

* 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.

* 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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Section 6 Description on Main screen

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.

a) rg )

h),

I~~~~~~~~~~~~~

Fig. 6.62 Color Balance Set Window
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Section 6 Description on Main screen

a) Displays color balance currently set.

b) Set boundary 1 of color balance (Drag)

c) 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.

i) Returns the setting of color balance to the when shipping the product.

(Default setting when the product was shipped)

Color i Color 2

Color 3 Color 4

Fig. 6.63 Color Sample
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Section 6 Description on Main screen

4) Graph Line Color

Change line color of Oxy, Deoxy and Total displayed on the Hb graph.

[Set Color] button

Fig. 6.64 Color Set Window (i)

Clicking the [Blend color (Dfl) button changes the window as shown below. Enter
any value in items of Color shade(E), Sharpness(S), Luminosity(jL), Red(R),
Green(Q) and BlueUB to create a color. Clicking the [Add Color(A)l 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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Section 6 Description on Main screen

(2) Base Line

Perform setup of base line subtraction.

1) Base Line

Set whether the base line subtraction is applied or not.

2) Degree

Set the order of function fitting in the base line subtraction.

Options are as shown below:

* 0,1,2,3,4,5

(3) Filter Set

Perform setup of filters

1) LPF (Cutoff of low pass filter)

Set LPF 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, 0.5, 1.0, 2.5

2) 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

3) 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.

4) Window Selection

Select any window function to cut signal when each filter was set.

Options are as shown below:

* Rectangle, Harming, Hamming
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Section 6 Description on Main screen

(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

· 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 SIN signal exception mode. Options are as shown below:

* Off (default)

The low S/N signal exception is not executed.

* Auto

In 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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Section 6 Description on Main screen

Each channel 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, it

indicates unselected (excluded), while other cases

indicate selected (not excluded).

[Reset] button 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).
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Section 6 Description on Main screen

6.2.4 External parameters

Set parameters related to external input and output.

(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/OUT
Select direction of command transmission and reception. Options are as shown
below:

* IN (Select if signals such as external mark input 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:

* COMI (Default)
* COM2
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Section 6 Description on Main screen

3) Baud rate

Select the baud rate. Options are as follows:

* 2400
* 4800
* 9600 (Default)
* 19200

4) Stop Bit

Select stop bit. Options are as follows:

* 1 (Default)
· 2

5) Data Bit

Select the number of data bits. Options are as follows:

.7
* 8 (Default)

6) Parity

Select the parity bit. Options are as shown below:

* 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 [VI of external input signal graph. Options are as

follows:

* 1.25, 2.5, 5.0
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Section 6 Description on Main screen

(3) External Trigger

Carry out setup related to external input signal trigger

1) Mark
Select valid/invalid of Stimulation setting of external input signal.

* None

No mark input by external input signal trigger

· J,M

W 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.

Sequence

Any mark can be inputted following the setting of external input signal
trigger edge.

However, external signal inputted 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.

2) Trigger Ch

Select either channel to be the trigger of stimulation mark input. Options are as
follows:

EXT1, EXT2

3) Threshold

Set the threshold [V] of trigger of stimulation mark input. Entry range is
0.0-5.0 [VI. Increment/decrement of the up/down button is 0.1.

4) Trigger

Select either edge direction of stimulation mark input trigger. Options are as
follows:

* Up
Mark is inputted when signal exceeds the threshold upward.

* Down
Mark is inputted when signal exceeds the threshold downward.
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Section 6 Description on Main screen

(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

* None (Mark input by digital signal is not performed. No Trigger is available

for selection.)
* START (Measurement by digital signal can be started.)
* STOP (Measurement by digital signal can be stopped.)

Items by measurement type

Stim Event
measurement measurement

A · F1
B F2
C · F3
D *F4
E - F5
F · F6
G · F7
H · F8

· I F9
· J ' ~M

2) Trigger

Method to receive digital signals can be selected.

* Up (Mark is inserted at rise-up. Low4-High)
* Down (Mark is inserted at rise-down. High-)Low)
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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 DOUTI~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
I ·- F9

J '~~ M

2) Trigger

Method of sending digital output signals can be selected.

* Up (Rise-up, Low-)High)
* Down (Rise-down, High4Low)
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Section 6 Description on Main screen

6.2.5 Saving parameter setting

Parameter setting can be saved and loaded.

o Overall view

Fig. 6.69 Parameter Window (Overall view)

o Upper section view ) 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

is 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 is 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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Section 6 Description on Main screen

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.

(3)

(4)

(5)

(6)

(8)

(9)

(10)

~~~~~~~~~~(11)
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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Section 6 Description on Main screen

(3) Probe Number

Select the number of proves to be used.

(4) Laser Power ON/OFF

Turn the laser power ON/OFF.

Whe LAERON [hen ASER WOFF

LASER OF LSR ON

Fig. 6.72 Laser ON/OFF

(5) Single button

Performs Auto Gain once.

* Use the [Single] button for the normal one-time process.

(6) 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.

(7) Probe

Informs that Auto Gain of each probe has been completed.

(8) Repeat Count

Displays the number of repeating times in Repeat.

(9) 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.)

(iO) Laser Power

Displays the meaning of laser power colors.

(Ii1) Exit button

Exits the Auto Gain process.
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Section 6 Description on Main screen

(12) Probel

Displays the probe number.

(13) 4X4

Displays the measurement mode.

Select from (4 x 4, 3 X 5, 3 X 3 X 2 and 3 x 11).

(14) Laser Power setting

Set laser power by probe unit.

Select from (High, Normal and Low, OFF).

* Default of power intensity is [High]. When there are many Over indications in the
Auto Gain result, it is recommended to set it to [Low].

[Low] is suitable for new born babies.

(15) Threshold

Set the threshold.

* 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.
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Section 6 Description on Main screen

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) (C)F (E)F (F) G

(H)

(0) (P) (Q) (R) (S) CT) (U)

Fig. 6.73 File Manager Window
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Section 6 Description on Main screen

(A) ID

Displays patient ID 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.

~THIT~R

Fig. 6.75 Patient Information Change Dialog

(G) 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 I Use the mouse to change display width.
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Section 6 Description on Main screen

O8-0i-ii Ia7ACHI HA4AkO Femal1 0003
03-06-i I MACH! JIRO Ma&e 1 0002

Fig. 6.77 Patient Data

D Displays the patient ID.

©) Displays the patient name.

® Displays patient sex.

( Displays comment.

( Displays the number of measurement data set

® 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 (A: ascending order, V: descending

order). Also, dragging the border between titles changes display width of each item.

IClick each title to determine ascending (L)/descending (7) order.

Fig. 6.78 Titles V Use the mouse to change display width.]

2003/01/08 18:39 2003/01/09 10:41 Gripping 4 x 4 4 x 4 Conlinuous Slim X X 0001
2003101/08 18:43 2003/01/08 18:44 Gippihs 4 4 4 x 4 Continuous Slim X X 0002
2003/01/08 18:45 200S/01/08 18:47 arippin[ 4 x 4 4 r 4 Continuous Slim X X B003
2003/01/08 18:56 2003/01/00 16:59 Gripping 4 x 4 4 x 4 Continuous Slim X X 0004
2003/01/09 19:06 2003/01/00 19:09 Gritpping 4 x 4 x 4 Continuous Stim X X 0005
2003/01/08 19:06 2003/01/14 11;40 Gripping 4 x 4 4 x Continuous Stim X X Wall
2003/01/08 19:06 2003/01/14 11:40 Gripping 4 x 4 4 x 4 Continuous Slim X X 0007
2003/01/0 19:06 2003/01/16 13:35 Griping 4 x 4 4 x 4 Continuous Slim X X 08006
2003/01/08 19:05 2003/01/27 09:36 Grpping 4x 4 4 x 4 Continuous Slim X X 0009
2003/01/08 19:06 2003/03/03 10:33 r'i in, AxL A xi4 Continuous Slim X X 0010

Fig. 6.79 Measurement Data
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Section 6 Description on Main screen

(D Display date and time of measurement.

© Displays data and time of saving measurement and analysis.

ED Displays comment.

(A Displays the shape of probe 1.

O Displays the shape of probe 2.

(D Displays results of analysis (Continuous, Integral)

07 Displays type of stimulation (Stim, Event).

® Displays presence of 3D Space (optional) data.

ED Displays presence of Video Capture (optional) data.
i When measurement data is exported, this displays the destination folder.

@i Displays file No. (attached automatically by the system).

(J) Delete

Saved data being selected 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.
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Section 6 Description on Main screen

(L) Save As

Clicking the [Save As] button displays the following dialog.

This saves data without overwriting.

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] button 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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Section 6 Description on Main screen

Fig. 6.82 Search Dialog

WTab 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.

*Patient tab

Search item Search type
ID 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
ProbeSeti Options: 3 X3, 4 X4, 3 X5, 3x X i
ProbeSet2 Options: 4)< 4, 3)< 5
Analyze -Options: Measurement, Continuous, Integral
Stim Options: Stim, Event
3D Options: 0, X
Video Options: 0, X
Export Text entry
File No Text entry

®M 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.)

O Select any drive to which data is to be exported.
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Section 6 Description on Main screen

Fig. 6.83 Export Button

Selecting a drive displays the directory tree of destination. Select the folder to
which data is to be exported.

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 ID in the destination folder, a message of
WAR0034 appears and returns to 0.

* When any Hb Export data already exists in the destination folder, a message of
WAR0040 appears and returns to (D.

Click the [OK] button to archive the data.

.............. Existing data

Data to be
exDorted

Fig. 6.85 List of Data to be Exported
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Section 6 Description on Main screen

(P) Import

Exported data is registered to the database.

*Note that the Text File Out data cannot be reloaded.

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
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Section 6 Description on Main screen

(Q) Hb Export

Hb data can be exported to any external device.

Data exported by Hb Export may be imported by 3DMRI of optional functions.

Q Select any drive to which data is to be exported.

Fig. 6.89 Hb Export Data Selection

QZ 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 (0.

* When any Export data exists in the destination folder, a message of WAR0040

appears and returns to (D.

Click the [OKI button to archive the data.

Existing data
Data for Hb Export

Fig. 6.91 List of Data for Hb Export
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Section 6 Description on Main screen

(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 (5)
[Pastel 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 Out

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.

(2)

(3)

(4)

(5)

Fig. 6.92 File Out Window

Fig. 6.93 Drive Selection Window
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Section 6 Description on Main screen

If selecting any output drive and clicking [Next.. .1, 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 is 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:

· Comma, Space, Tab, Semicolon

(3) Measurement

Select whether AD data is to be outputted 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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Section 6 Description on Main screen

6.4.3 Text File Out format

(i) Output file name

Output file is automatically named from the file name designated and the number of
probe units.

The following table shows details.

(Ex.) File name designated 00
The number of probe units N

Table 6.1 Output File Name

Data type File name Data contents

Measurement 00_MESProbel.csv Measurement data of probe unit 1

00_MESProbeN.csv Measurement data of probe unit N
Hb 00_NBAProbelOxy~csv Hb-Oxy data of probe unit 1

00_HBAProbelDeoxy.csv Hb-Deoxy data of probe unit 1
00_NBAProbelTotal.csv Hb-Total data of probe unit 1

00_HBAProbeNOxy.csv Hb-Oxy data of probe unit N
00_HBAProbeNDeoxy~csv Hb-Deoxy data of probe unit N
00_HBAProbeN Total.csv Hb-Total data of probe unit N
LHBM for measurement mode,

____________ HBA_ fralyis mode)
1External AD I00-EXT~csv IExternal input analog data
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Section 6 Description on Main screen

(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. Output format Description

1 Header Header section
2 File Version File version
3 Patient Information Patient information
4 ID 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 Time[s] Pre stimulation time [s]
12 Post Time [s] Rest time post stimulation [s]
13 Recovery Time[s] Recovery time after stimulation [s]
14 Base Time [s] Time to calculation base line [s]
15 Fitting Degree Degree of fitting curve
16 HPF[Hzl HPF frequency [Hz]. No Filter when filter is not

provided.
17 LPF[Hz] LPF frequency [Hzl. No Filter when filter is not

provided.
18 MovingAverage[s] Moving average Is]
19 Measure Information Measurement information
20 Date Date when measurement was performed
21 Mode Probe type (3x3/4x4/3x5/3x11).

·5 Nothing for External AD output

22 Wave[nm] 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 Is]
27 Stim Type Stimulation type (STIM/EVENT)
28 Stim Time [s] Stimulation time [s]
29 A,'"J, ;~ 1ft Stimulation time of each stimulation sequence [s]

FlF1,M
30 Repeat Count The repeating number of stimulation

31-39 Return Spare area
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Section 6 Description on Main screen

(3) Measurement output format

AD data (original) is outputted from PreScan.

File name is (File name designated) MESProbe (Probe unit number).csv.

Table 6.3 Measurement Output Format

Line No. Output format Description

I Data Data section
No this line for the data without header

2 Probe, Title
CHI(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

3 Item number, CHI-N (695): Measurement signal of laser light of
CH1(695.0),CH1(830.0), which wavelength is 695 [nm]. Unit is [VI.
: ... CHl-N (830): Measurement signal of laser light of
CHN(695.0),CHN(830.0), which wavelength is 830 [nm]. Unit is [V].
Mark, 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

Stim~~~~~~~~tStim measurement A B C D E F G H I IJ I
Event measurement Fl F2 I F3 F4 F5 F6 F7 FS F9 M
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Section 6 Description on Main screen

(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)_HBAProbe(Probe unit number)_(Hb

type).csv.

However, "_HMA " is _HBM_ in the measurement mode and HMA_ in the analysis

mode.

Table 6.5 Hb Output Format

Line No. Output format Description
I Data Data section. No this line for data without header.

2 Probe No. (fib type), Title
CHI-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.
3X5: N=24, 4X4: N=24, 3x5: 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:mm:ss.s) is outputted in

the Continuous analysis, while relative time starting

from 0.0 [I] 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)

(5) External AD output format

ExternalAD data is outputted. Data from PreScan is outputted.

File name is (file name designated)_EXT.csv.

Table 6.6 External AD Output Format

Line No. Output format Description

1 Data Data section, no this line for data without header

2 EXT AD, Title
CHi, CH2, CHI and CH are outputted when EXT1 (CHl) or EXT2

Mark, (CH2) is checked to ON.
Time

3 Ite& Nb,, CH1, CH2: External input analog data. Unit is [VI.
GCH, CH2, Mark: Stimulation mark letter. Stimulation mark

Mark, letters are outputted at the start point and end point in

Time, the Stimulation measurement, but at the point where an

BodyMovement, event occurred in the Event measurement. In other

RemovalMark, cases, '0' is outputted.
PreScan 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)
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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 ...]I to display the Bitmap File Out window. Select
destination directory, enter file name and click the [Save] button.

Bitmap Files(*.mp)

Fig. 6.96 Saving Destination Selection Window
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Section 6 Description on Main screen

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.

(1) (2)

(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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Section 6 Description on Main screen

2) Entering file name

Enter the file name into the following dialog to save it.

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

(A) Output start time

Click the picture scroll bar to determine the start position.

Fig. 6.101 Output Start Time

®B Output stop time

Click the picture scroll bar to determine the end position.

Fig. 6.102 Output Stop Time
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Section 6 Description on Main screen

® [START] button flickers

Click on it to continuously replay for the time designated.

Flickers

Fig. 6.103 [START] Button Flickers

[ ISTOP] button flickers

Flickers

~STOP

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)

i) Designate any compression method and click the [OK] button if acceptable. To

stop selection, click the [Cancel] button.

Fig. 6.105 Compression Method Selection Window

6 -66 QIE-FS0242
Page 165 of 225

'Z_5tZFOI - Page 234 of 482

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

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



Section 6 Description on Main screen

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.

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 scroll bar as lines.

Fig. 6.108 Picture Scroll Bar

(D Output start time

Click the picture scroll bar to determine the start position.

Iit

Fig. 6.109 Output Start Time
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Section 6 Description on Main screen

D) Output stop time

Click the picture scroll bar to determine the stop position.

rn~i

Fig. 6.110 [START] Button Flickers

®D [START] button flickers

Click on it to continuously replay for the time designated.F ~~~~~~Fickers
4~

Fig. 6.111 [START] Button Flickers

d [STOP] button flickers.J Flickers H

STOP -*I

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.

* Th 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.

* For operating the printer and replenishing it with paper and ink, see the instruction
manual of printer.
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Section 6 Description on Main screen

6.5 Description of Window Display

6.5.1 Hemoglobin time course graph display [Hb Time Course]

Select [Window] 4 [Hb Time Course] from the [DISPLAY] button menu of main screen to
display the following window.

Nb time courses are displayed for probes provided. The window can be changed in its
size and moved.

Fig.6.1 fb Time Course Window

(i) File menu

Prints this window. (See [6.5.8).)

Saves a bitmap file of this window. (See [6.5.9 (1)].)
4Outputs an AVI file. (See [6.5.101.)

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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Section 6 Description on Main screen

(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.

Fig. 6.115 Title Bars

(5) Channel selection

Select any channel to be zoomed.

(6) Graph display area

Hb graphs of each channel are displayed.

* For 3 x 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.

* When double clicking on the graph, the channel double clicked is enlarged.
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Section 6 Description on Main screen

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 H~b Mapping Window

(i) File menu

4-Prints this window. (See [6.5.8].)
4- Saves a bitmap file of this window. (See [6.5.9 (1)1.)

Outputs an AVI 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. 6.117 File Menu

(2) Probe Set

Displays probe number.
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Section 6 Description on Main screen

(3) Probe No

Displays probe number.

Set the Probe No. to ON/OFF.

When ON

Probe No. : ,

Probe orientation: *, 3. 3,

Probe orientation bar: [

(4) Title bar

Title bars are displayed in different colors for Probe 1 and 2.

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

* 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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Section 6 Description on Main screen

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.

Window can be changed in its size and moved.

Fig. 6.119 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 Outputs an AVI 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. 6.120 File Manu
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Section 6 Description on Main screen

(2) Probe No

Probe number is displayed

Set the Probe No. to ONIOFF.

· When ON

Probe No. : 3, I

Probe orientation 0, S. U, U

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

* 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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Section 6 Description on Main screen

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.

(2) /~- (3) (4 (5)

(6)

Fig. 6.121 Vertical Layout of Topo2D Images

Fig. 6.122 Horizontal layout of Thp2D Images
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Section 6 Description on Main screen

(i) File menu

4- Prints this window. (See [6.5.8].)
.4 Saves a bitmap file of this window. (See [6.5.9 (1)].)

4~ Outputs an AVI file. (See [6.5.1 0).)

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. :U

Probe orientation : 3, 3. 3,

Probe orientation bar:

(4) Title bars

Title bars are displayed in different colors for Probe 1 and 2.

Fig. 6.124 Title Bars

(5) Topographic image display area

Displays topographic images

* Use the [DISPIAYI button to switch over OxyDeoxy and Thtal displays.

* For 3 X 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 3SN 3 probe, only one color bar is displayed for both A and B probes.
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Section 6 Description on Main screen

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.

(5)

Fig. 6.125 Thpo2D 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 Outputs an AVI 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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Section 6 Description on Main screen

(3) Probe No

Probe number is displayed

Set the Probe No. to ON/OFF.

*When ON

Probe No. : t, ft

Probe orientation U, U. *, U

Probe orientation bar: F~77

(4) Topographic image display area

Topographic images are displayed.

*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 Nb Range is Each.
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Section 6 Description on Main screen

6.5.6 Displaying signal status of measurement channel [AD Status]

Clicking [Window] --) [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 is displayed in the following color:

Table 6.7 SN and Display Color

SN Display color
Normal Green
Under Yellow
Over Red

(Clear) Gray

Measurement channel

Incident point

Detected point

Fig. 6.127 AD Status

(6) File menu

4- Prints this window. (See [6.5.8].)
4- Saves a bitmap file of this window. (See [6.5.9 (1)].)
4 Outputs an AVI 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. 6.128 File Menu
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Section 6 Description on Main screen

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.

* 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

(i 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 [Thpo2D]

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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Section 6 Description on Main screen

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.

(2)

(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.

(i) Press the [Parameter Set] button to display the [Parameter] dialog and set parameters.

Fig. 6.132 [Parameter Set] Button
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Section 6 Description on Main screen

Setting of [Stimulation], [Hb Integral], [Moving Average], [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 Average] of the main screen, use [Moving Average] of the parameter

window.

Fig. 6.134 MovingAverage Setting

(3) Use MRealtime Integral] Mark to select a mark to perform Integral analysis. (Select any

one of A-J having been set in Mark In.)

It 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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Section 6 Description on Main screen

6.6.1 Hemoglobin time course graph [Hb Time Course]

Selecting [Realtime Integral] 4 [Hb Time Course] 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

X_(5) X ( 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)].)

4- 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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Section 6 Description on Main screen

(4) Title bars

Title bars are displayed in different colors for Probe i and 2.

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.

* 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 [DISPLAY] 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.

Fig. 6.139 Hb Mapping Window
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Section 6 Description on Main screen

(1) File menu

4- Prints this window. (See [6.5.8].)

4-- Saves a bitmap file of this window. (See [6.5.9 (1)1.)

4- 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.

When ON

Probe No. : a

Probe orientation: *, 3. *, 0

Probe orientation bar:

(4) Title bars

Title bars are displayed in different colors for Probe 1 and 2.

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.

* 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 Integral] 4 [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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Section 6 Description on Main screen

Fig. 6.142 Hb Mapping On Head Window

(i) 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. aJ, It

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

* 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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Section 6 Description on Main screen

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.

Pre M, ~ -Pre INNA Pre
Pr 9 9s

95 I ~~~~~~~~~~~~I SI I

Displaying results of Realtime Integrall

2) When using the body movement removal function, any mark period judged as body

movement exists is not included in the average.

PreI I Pre Pre
9s I~:~ ~l~ii~? ~ ~ I ~~ I9I '

Body move
occurred.

Excluded from analysis

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

Displaying results of Realtime Integral
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Section 6 Description on Main screen

6.1.1.2 Event measurement

Example operation shows a case in which Fl is selected for display.

1) Time of Event period uses that of Event period of the mark firstly selected.

PrePr 4p, Igl r
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.

) h i pre d e i

in the average. ove

Excluded from aEcludd arysansysP
Displaying results of Realtime Integral

2) When oftsim periods useseht ore ovSltippeod, any mark p eriod cmed first no d
in the average.

wEncjud gingrm whethes r te 2nd mar aondn afe6st ermvdo otepro

betPre m rk

9s ;'11TA;

time +Rdax tme + Pstln ti e" s uls o ed. m ntga
• 'nine of period usesrthat-of period of the mark selecte Pag 187 ofd 22r

wEludg wet e d mark andafsiste i

betee "then markalysis perintodns Pre timerlppd and "mark stio amerst pisnot pnlusded

· Time of Reaxtime perodsetht oStime peiod ofteuakseletd.frs
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Section 7 Measurement Data Handling

Section 7 Measurement Data Handling

This section describes relationship among [4.6 Saving Measurement Data], [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

Measurement4 Monitor Analysis
I ~~~~~~Time course

Print RA Hb

Save Load Topo

Delete Measurement database

Measurement
Analysis, Topo

Export Import File Out

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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Section 7 Measurement Data Handling

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.

7.2.1 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 (0) Import].)

7-2 186 QlE-FS0242
Page 189 of 225

FOI - Page 258 of 482

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

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



Section8 Message List ! Troubleshooting

Section 8 Message List / Troubleshooting

8.1 Category of Dialog Display

Category

Fig. 8.1 Dialog Display

8.2 Error Messages

Table 8.1 List of Error Messages

ClasslNo. Message I Description Action to be taken
1 Can't delete the folder! When deleting patient information, The process can be continued since

Please refer to the manual. deleting the folder that saves there is no problem even if the folder
Error No. 1) measurement data of the patient remains.

has not been completed.
2 Can't delete the files in the When deleting patient information, The process can be continued since

Specified folder! deleting files in the folder that saves the file is forced to be overwritten.
Please refer the manual. measurement data of the patient
(Error No.2) has not been completed.

3 Can't print out the screen! Hardcopy of each screen has not Check connection with the printer.
Please connect the printer. been completed.
(Error No.3)

4 Hard disk is full! Judgment when starting Check free space of the hard disk.
Please delete unneeded data. measurement tells that the number Or delete unnecessary files.
(Error No.4) of data files is too much or the data

file is too big.
5 Connection time out error When sending a command to the Check the DLA, DRV board and

occurred! DLA or DRV board or receiving backboard. Make contact with the
Please refer to the manual. data, no response was received from service personnel.
(Error No.5) the board so communication has

been canceled.
6 Hardware control failed! An error other than communication Check the DLA, DRV board and

Please refer to the manual. timeout occurred. backboard. Make contact with the
(Error No.6 ) service personnel.

7 Can't communicate with the In the adjustment process, an error Check the DLA, DRV board and
occurred in data communication backboard. Make contact with the
with the DLA board. service personnel.

Please refer to the manual.
(Error No.7)
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Section8 Message List / Troubleshooting

Class No. Message Description Action to be taken

8 Can't save the data! With the file name designated, the Retry saving with another file name.
Please refer to the manual. ile could not be opened. Or, if retrying is unsuccessful, reboot
Error No.8) the system. Make contact with the

service personnel.

9 Can't save the parameter With the designated parameter Retry saving with another name.
data! name, the parameter file could not Or, if unsuccessful, reboot the
Please refer to the manual. be opened. system.
(Error No.9) Make contact with the service

Iersonnel.
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. Make contact with the service
Error No. 10) personnel.

11 Can't discard the page for the Resource leaks. Reboot the system. If it is still
tab! displayed after rebooting the system,
Please reboot the system. make contact with the service
Error No. 11) personnel.

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
Pime shorter. reduce the number of measurement
(Error No. 12) data, or widen sampling interval.

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 process.
for the preset data. nformation could not be registered. If it is still displayed, make contact
Error No.13) with the service personnel.

14 Can't save the data! In the data file saving process, the With another file name, retry the
Please refer to the manual. data could not be saved. saving process.
Error No.14) If it is still displayed, make contact

with the service personnel.
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.

16 uto Gain Time out! Auto Gain is timed out. Retry the Auto Gain process.
lease refer to the manual.
Error No. 16)

17 Can't copy Export files. Export data cannot be copied. Check if the destination drive is not
(Error No.17) write-protected, or there is ample

free space.
18 Can't execute 3D Space 3D Space cannot be executed. Make contact with the service

program.( Error No.18 ) personnel.
19 Can't read the file The file [3DSpaceTempFile.etd] Retry 3D position measurement.

[3DSpaceTempFile.etd] cannot be loaded.
Please 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.
Please refer to the manual.
Error No.20)

21 ailed in cutting out the The process failed to cut Retry the cut process. If it is still
easurement data. measurement data. displayed, make contact with the

Error No.21) service personnel.
22 Can't execute the program. The program cannot run. Make contact with the service

Error No.22) personnel.
23 Bitmap File Out Error. The process failed to extract the Reboot the system. If it is still

(Error No.23) bitmap file. displayed after rebooting, make
contact with the service personnel.

24 Bitmap file Memory Error. Bitmap file memory has a trouble. Reboot the system. If it is still
(Error No.24) displayed after rebooting, make

contact with the service personnel.
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Section8 Message List ! Troubleshooting

Class No. Message Description Action to be taken
25 itmap file Create Error. Bitmap file creation failed. Reboot the system. If it is still

(rror No.25) displayed after rebooting, make
____________________c________ ontact with the service personnel.

26 Bitmap file Open Error. Bitmap file open failed. Make sure of free space for the hard
(Error No.26) disk. Or delete unnecessary files.

27 AVI file Initialize Error. AVI file initialization failed. Reboot the system. If it is still
Error No.27) displayed after rebooting, make

Contact with the service personnel.
28 AVI file Write Error. AVI file write failed. ake sure of free space for the hard

Error No.28) disk. Or delete unnecessary files.
29 AN Connect Control Error. AN connector control has a If it is displayed several times,

Error No.29) ; rouble. reboot the system.

8.3 Warning Messages

Table 8.2 List of Warning Messages
Class No. Message Description Action to be taken

.f 1 i I rong file format! 3D position data file format is not Reselect a correct file.
Please choose the right format orrect.
file.
(Warning No. 1)

7_ 2 Can't find the current subject File manager window is opened Register a new patient.
ID! with unregistered ID or wrong ID. Change ID.
Please refer to the manual.
(Warning No.2)

3 The patient ID is empty! Edit box to set patient ID is void. Set patient ID.
lease set the patient ID.

Warning No.3)
4 Phe output file is not set! In the File Out, file to be outputted Designate an output file.

lease select the output file. is not designated
(Warning No.4)

5 Can't find the analyzed data! The [START] 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.
nalyzing parameters. analysis process.
Warning No.5)

6 [rong value is set! In the dialog for calculating Enter a normal setting.
et the right value. standard variation (Maintenance

Warning No.6) mode), the setting is not correct.
7 Can't change ID! When changing patient ID, the Change it to another ID.

lease choose the other ID. same ID has already exist.
Warning No.7)

__5 8 'he name for the frame When saving the frame position, the Set a name to be saved.
Iosition set is not defined! name to be saved has not been set.
lease define the name.

Warning No.8)
9 Phe head shape can't be bhe head shape basic data file In 3D topo, the shape of head is not

isplayed! cannot be loaded. displayed. It is displayed when the
lease refer to the manual. file is deleted, so make contact with

Warning No.9) the service personnel.

7357 10 time greater than the total The position to which the mark is to Change it to a position that can be
line is selected! be moved is set behind the end set.
lease select a time less than position.

he total measurement time.
Warning No. 10)

8 - 3 QIE-FS0242
Page 192 of 225

FOI - Page 261 of 482

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

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



Section8 Message List / Troubleshooting

ClassNo.I Message Description Action to be taken
11A time before the start time is The position to which the mark is to Change it to a position that can be

selected! be moved is set ahead the start set.
Please select a time after the position.
measurement start time.
(Warning No. 11)

12 Mark position is at the same Position to which mark is to be Change it to a position that can be
time as another mark! moved is duplicated with another set.
Please choose a position that mark.
as no other mark.
Warning No.12)

13 Can't analyze! When changing analysis Set parameters to those with which
Check the analyzing parameters, the process cannot ata can be analyzed.
arameter. proceed to the analysis process.
Warning No. 13)

1.4 ardware Connection Error! When booting the system, hardware Check if the hardware is powered.
Can't measure! is not connected or powered. Or check connection with hardware.
lease refer to the manual.

Warning No. 14)
15 nitialization error with Initialization of RS-232C serial port eboot the system since the setting

S-232C! failed. has been rewritten to an abnormal
lease refer to the manual. value or PC is abnormal.

Warning No. 15) If it is still displayed after rebooting,
make contact with the service
personnel.

16 Interpolation for 3D In the 3D spline, interpolation Since it occurs when measurement
isualization failed! ailed. channel is wrong, retry to measure
Please refer to the manual. 3D position data.
Warning No.16)

17 Interpolation for 3D n the 3D 3rd cycle spline, Retry to acquire 3D position
isualization failed. nterpolation failed. nformation.
Please refer to the manual.
Warning No. 17)

.\ 18 ave Count Over! When registering probe set position, Maximum positions must be below
et the number less than 10. he number of probe set exceeds the 10. Register below 10.

(Warning No. 18) limit.
._ 19 [me name for the probe When registering or deleting probe Enter probe position name.

osition is empty! set position, probe set position
lease define the name for the registration name has not been
robe position set. ntered.
Warning No. 19)

20 e specified name of the When deleting a probe set position, Designate a probe position name
robe position set doesn't he name designated does not exist. that exists.
x~st.
,hoose the existing name of
he probe position set.
Warning No. 20)

21 Please set the time under [ml. Set the time under message time. Set the time under message time.
Warning No.21)

22 The name for the definition of When registering and deleting a Designate the parameter set name.
the parameter is empty. parameter set, the parameter set
Please input the name. registration name is not entered.
(Warning No.22)

- 23 The specified name does not n judgment when deleting a Designate the parameter set name.
exist. parameter set, the parameter set
Please choose an existing name for deletion is not entered.
name.
Warning No.23)

_17 24 [ap cannot be even. Tap will The number of filter taps must be Set an odd number.
rutotatically be set to an odd odd.
Iumber.
fWarning No.24)
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Section8 Message List / Troubleshooting

Class No. Message Description Action to be taken

T 25The set value is out of the Set value is out of the limit, so it is
imits. automatically corrected.
he appropriate value is
utomatically set.

(Warning No.25)
26 Probe Set has not been done! Probe Set has not been completed. Execute Probe Set before

lease execute Probe Set measurement.
efore the measurement.

(Warning No.26)
27 reset has not been done! Probe Set has not been completed. Execute Probe Set before

Please execute Preset before measurement.
he measurement.
Warning No.27)

28 atient Information is Patient information differs. Select correct patient information.
different.
Warning No.28)- 29 (NG) It is short of size of the Extraction point is too short. Take the extraction point longer.
export point.
Warning No.29)

711 30 Can't find Export TBL file. Export TBL file can not be found. Designate the folder exported.
(Warning No. 30)

.g 31 There is not enough disk There is no sufficient free space in Make sure of free space of the
space to perform this function. he destination medium. destination hard disk. Or delete
(Warning No3l) unnecessary files.

32 The PreSet data is not
corresponding to 3D-Position
data. Please refer to the
manual.
(Warning No. 32)

_ 33 e Integral Analysis could Analysis was not executed due to Re-set Integral analysis parameters.
not be done using the Body body movement.
Movement processing.
Check the parameters.
(Warning No. 33)

34 Export type is different. Export data type is wrong. Correctly designate files Hb
(Warning No.34) Exported or Exported.

_\ 35 The Integral Analysis could No analysis has been executed. Re-set Integral analysis parameters.
ot be done.

Check the parameter.
(Warning No. 35)

._ 36 Recovery, and Post times Pre, Relax and Post time overlap. Set values so that Pre, Relax and
verlap. Post time do not overlap each other.

(Warning No. 36)
_ 37 Setting is illegal. Setting is wrong. Retry extracting data.

(Warning No. 37)
38 re privilege of Windows 2000 The privilege of Windows2000 could Make contact with the service

as not able to be changed. not be changed. personnel.
Warning No.38)

39A set location overlaps with set position overlaps with PreScan esignate any section other than
PreScan data. Please select data. PreScan.
[he position which does not
verlap.

(Warning No.39)
40 The set value is out of the

imits.
(Warning No.40)

41 Failed in the copy of the 3D 3D position data copy failed. Make sure of free space of hard disk.
position data. Or delete unnecessary files.

(Warning No.41)
42 Probe information is different. he file could not be copied due to Select correct information file.

The file cannot be copied. different probe information.
(Warning No.42) 1 _
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Sections Message List I T~roubleshooting

Classl No. IMessage Dlescriplion Action to be taken
43 Start Point cannot be set in The start point cannot be set in the Designate any section other than

the PreScan section. PreScan section. PreScan.
(W arning No.43) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7744 End Point cannot be set in the The end point cannot be set in the Designate any section other than
PreScan section. PreScan section. PreScan.
(W arning No.44) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

45 M easurement tine is too long. Measurement time is too long. Set shorter measurement time.
Please select a shorter time.
KWarning No.45)

46 Parameter Name is illegal. Parameter name is not correct. Enter another name.
Please change Parameter
Name.

(Warning No.46)
47 The specified Mark Class does Designated mark class does not Select any mark class that exists.

not exist. Please set the Mark exist.
Class again.
(Warning No. 47)

48 Too many windows. oo many windows are displayed. Close windows.
(Warning No. 48)
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Section8 Message List / Troubleshooting

8.4 Check Messages

Table 8.3 Check Messages

ClassjNo. I Message Description Action to be taken
I Didn't save the measurement Displayed when attempting to load OK: Disposes the current

data! Load the other data? data without saving it after measurement data and loads selected
(Check No. 1) measurement. data.

Cancel: Returns to its original state.
( 2 Didn't save the measurement Displayed when attempting to OK: Disposes the current

data! execute Probe Set without saving it measurement data and executes
Continue the Probe Set? after measurement. Probe Set.
(Check No.2) Cancel: Returns to its original state.

3 idn't save the measurement Displayed when attempting OK: Disposes the current
data! measurement without saving it measurement data and prepares
Start the measurement? after measurement. measurement.
(Check No.3) Cancel: Returns to its original state.

4 idn't save the measurement Displayed when attempting to OK: Disposes the current
data! change stimulation mode without measurement data and changes
Change the type of stimulus? saving it after measurement. stimulation type.
(Check No.4) Cancel: Returns to its original state.

5 idn't save the measurement Displayed when attempting to exit OK: Disposes the current
data! this software without saving it after measurement data and terminates
Finish the program? measurement. this software.
(Check No.5) Cancel: Returns to its original state.

6 rhe system will be shut down! Displayed when attempting to exit OK: Terminates this software.
OK? this software. Cancel: Returns to its original state.
(Check No.6)

7 he same name already Displayed if the same name has OK: Changes the patient name.
exists! een already registered when Cancel: Returns to its original state.
Change the name? attempting to change patient name
(Check No.7) in the patient information.

8 rhe existing file will be Displayed when confirming OK: Overwrites.
verwritten. OK? overwrite. Cancel: Returns to its original state.

(Check No.8)
9 e selected item will be Displayed when confirming deletionOK: Deletes.

deleted. OK? Cancel: Returns to its original state.
(Check No.9)

Q(F 10 he default value will be set. Displayed when confirming the OK: Returns the setting to the
OK? setting to be returned to the default default value.
(Check No.10) value. Cancel: Returns to its original state.

.~ 11 idn't save the measurement Displayed when attempting to OK: Disposes the current
data! change a parameter without saving measurement data and changes
Change the parameter? it after measurement. parameters.
(Check No.11) Cancel: Returns to its original state.

12 e parameter will be Displayed when confirming OK: Overwrites.
verwritten. OK? overwrite of parameters. Cancel: Returns to its original state.

(Check No.12)
13 he parameter will be deleted! Displayed when confirming deletion OK: Deletes.

OK? wf parameters. Cancel: Returns to its original state.
(Check No.13)

14 he 3D Space data will be 3D Space data will be deleted. OK: Deletes.
deleted! OK? Cancel: Returns to its original state.

Check No.14 )
15 e 3D Space data is changed. 3D Space data has been changed. OK: Disposes the current data and

Load the 3D Space data? Do you wish to load 3D Space data? oads a new data.
r(Check No. 15 ) Cancel: Returns to its original state.

16 idn't save the measurement Measurement data cannot be saved. OK: Disposes the current data and
data! o you wish to continue Hb Export? oads a new data.
Continue the Hb Export? Cancel: Returns to its original state.
(Check No.16)
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Section8 Message List / Troubleshooting

lass [No. Message fDescription Action to be taken

17 This File name already exists.A file of which name is the same OK: Overwrites.
Overwrite? exists. Do you wish to overwrite? Cancel: Returns to its original state.
(Check No.17 )

18 The probe position is changed. Probe position has been changed. OK: Disposes the current data and
OK? exits,
( Check No.18) Cancel: Returns to its original state.

19 The parameter is changed. The parameter has been changed. OK: Disposes the current data and
OK? exits.
(Check No. 19) Cancel: Returns to its original state.

20 Change the type of stimulus? Stimulation type has been changed. OK: Disposes the current data and
(Check No.20) xits.

Cancel: Returns to its original state.
21 ['he program will end! OK? The program will end. OK: Exits.

(Check No.21) Cancel: Returns to its original state.
22 rime Adjust Reset! OK? Time Adjust will be reset. OK: Resets Time Adjust.

(Check No.22) Cancel: Returns to its original state.
W 23 Pelete 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

tart the Analyze? with the analysis start point. Post time do not overlap.
(Check No.24 )

(f, 25 he cut data will be removed. Data cut will be executed. Data 0K: Executes data cut.
OK? annot be recovered. OK? Cancel: Returns to its original state.
(Check No.25)

26 rhe 3D Space data already 3D Space data with the same name OK: Overwrites.
xists. Overwrite? exists. May it be overwritten? Cancel: Returns to its original state.r_ Check No.26)

27 Po you wish to copy the 3D Do you wish to copy the 3D Space OK: Copies the 3D Space data.
Space data? ata? Cancel: Returns to its original state.
(Check No.27 )

28 rhe last measurement will be The last measurement failed. Do OK: Disposes the current
:ancelled. Load the new ou wish to load a new data? measurement data and loads a new
measurement data? measurement data.
I( Check No. 28) Cancel: Returns to its original state.

1)29 Selected file will be deleted. Data selected has been deleted. Do K: Continues.
Continue? ou wish to continue? Cancel: Returns to its original state.
] Check No.29)

) 30o ~ready exists. Overwrite? It has already existed. Do you OK: Overwrites.
Check No.30 ) wish to overwrite? Cancel: Returns to its original state.

31 he system will shutdown. The system will shut down. Reboot
lease restart the system. the system.

(Check No.31)
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Section8 Message List / Troubleshooting

8.5 Probe Set Messages

Table 8.4 List of Probe Set Messages

Class]No. Message Description Action to be taken

I Can't read the DLA & DRV Can't read the DLA & DRV setup [eboot the system. If it is still
setup data. Please refer to dataa . isplayed after rebooting, make
the manual. contact with the service personnel.
(Probe Set Error No.1)

2 Can't communicate with the Can't communicate with the [ eboot the system. If it is still
DLA-PCB! Please refer to DLA-PCB. displayed after rebooting, make
he manual. contact with the service personnel.

(Probe Set Error No.2)
3 uto Gain time out! Auto Gain is timed out. Execute Auto Gain again.

(lease refer to the manual.
Probe Set Error No.3)
the name to save information The name to save information is not Enter the name.
s not set. Please set the set.
name.
(Probe Set Warning No.1)

2 The number of maximum The number of maximum
registration is exceeded. registration is exceeded.
Please delete another item Delete other registration data.
when registering.
(Probe Set Warning No.2)

1_ 3 ere is no specified name. Designated name does not exist.
lease set the name. Register the name.

(Probe Set Warning No.3)
4 4 D broke down. <<Please call LD is broken. Make contact with the service

he service person>> personnel.
Probe Set Warning No.4)

1 i[h e existing file will be May this file be overwritten? OK; Overwrites.
(verwritten. OK? Cancel: Returns to its original state.
Probe Set Check No.1 )

2 The selected item will be May the file selected be deleted? 0K: Deletes.
leleted. OK? Cancel: Returns to its original state.
(Probe Set Check No.2)

3 The probe position is changed. Probe position has changed. Do OK: Disposes the current probe
Continue? you wish to continue? position and continues.
(Probe Set Check No.3) Cancel: Returns to its original state.

4 LD broke down. Continue? LD is broken. Do you wish to OK: Continues.
<<Please call the service continue? Cancel: Returns to its original state.
person>> Make contact with the service
(Probe Set Check No.4) )ersonnel.
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Section9 Cautions in Movin 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) Thin 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 easier 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.

(3) 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 100. 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).

9.2 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 [96 QIE-FS0242
Page 199 of 225

FOI - Page 268 of 482

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

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



Section10 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

,Weekly Monthly Others

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 is 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 is

yellow in Gain adjustment by the [Probe Set] button, re-set the probe and retry check.

When it is still yellow 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.
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Sectionl1 Maintenance Check and Cleaning

10.4 Periodical Check

I Every day I Weekly Others

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 periodical maintenance.
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Sectionli Repair, Readjustment and Disposition

Section 11 Repair, Readjustment and Disposition

(1) 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).

(2) 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.

(3) Disposition of equipment

When disposing this system, it must be treated as an industrial waste. Be sure to

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.
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Section12 Specification

Section 12 Specification

12.1 Measurement Section

(1) Measurement items

* Oxygenated hemoglobin concentration change

* Deoxygenated hemoglobin concentration change

* Total hemoglobin concentration change

(2) Light source

* Semiconductor laser 2 wavelength (695-- 20nm, 830±- 20nm)
Max: 18 channels each, Total 36 channels

* Optical intensity 2.0mW (per wavelength)

(3) Detector

: Avalanche diode Max: 16

(4) Topographic image measurement

* Max 52 channels 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-probe specification 46 2

2probe specification 442
3-probe specification 48 1
3-probe specification 46 ,_ 1

( x II is optional)

(5) Data acquisition and display

* Data acquisition time (velocity) Settable from max 0.1ls

* Accuracy of data acquisition time ± lOims or less

* Display 0) Hb Time Course reception, Hb display
20 2D topographic cine images
) 3D topographic cine images (optional)

12.2 Probe Holder Section

(1) 3 x 3 holder

(2) 4X4 holder

(3) 3 x 5 holder

(4) 3 X 11 holder (optional)

(5) Optical fiber cables: max 34 cables
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Sectionl2 Specification

12.3 Computer

(1) Main unit CPU: Pentium4, 1.5Ghz, RAM:256MB, HDD:30GB

(2) OS Windows2000 SP3 or higher

(3) Application software Optical topography software

(4) MO 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 3x1l

Number of measurement points 24 22 24 52
Number of light sources 8 8 10 17
Number of detectors 8 7 8 16

Hb Time Course 0 0 0 0
Display Topographic image 0 0 0 0

(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, etc.

(2) Calculation Hb Time Course data

Text format: Patient ID, measurement parameters, measurement data, marker
information, etc.

(3) Topographic image

Bitmap (BMP) format
Cine (AVI) format

12.6 Power Requirement

(i) Voltage AC 100V±10%

(2) Frequency 50/60Hz

(3) Power consumption 500VA or less

(4) Power outlet 3-core outlet with grounding terminal
(Grounding resistance: IO 1or less)

12.7 Environment Condition

(1) Temperature +5 - +35 0C

(2) Relative humidity 30 - 85%

(3) Atmospheric pressure 700 - 1060hPa
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Section12 Specification

12.8 Outside Dimensions

526(W) X 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.
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General Information
Software Version Number: ETG-4000 Software Version 1.41le Date: July 15, 2004

Operational Environment:

Hardware platform: Pentiumn IV, 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 ne

Premarket Submissions for
Software Contained in
Medical Devices (5/29/98).

The flowchart (included) from Y
that guidance was used to
determine the level of concern. ooldlvrofhntl

The ETG-4000 does not
provide life support or haveY'
the capacity to deliver harmful
energy levels. It does not dw.

control treatment or provide a
diagnosis. The device is an
adjunctive tool intended to be
used by a competent
professional or physician who
exercises good judgment to
interpret the information Ndii, .

presented.

Based on these factors and a Y
formal risk analysis, we
believe that the ETG-4000
software falls under the Pifoiiu~d

category of minor concern.
Therefore, the following ahrro FireuinrYS

information is provided, based
on Table 1 in the guidance
document referenced above. MJ ~]o

@02004 Hitachi Medical Corporation ETG-4000 Section 8
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Technical Report

Evaluation of calculation algorism of Hemoglobin

(Hb) concentration change using blood Phantom

Hitachi, Ltd, Advanced Research Laboratory
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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.
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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 lbased on the following criteria;,

(a) It 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

input.

(2) Software Architecture

The architecture of the software will obtain by the basic design is shown in

Fig.2.

PROGRAM AINALYISPA MODULE

DISPLAY MODULE

USERPARMETR MODULE

AJUST PARAMETER MODULE

DATA FILE CONTROL MODULE

Fig.2 Architecture of the software
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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

Inage and characters on the screen, option devicesete.

(c) Main display 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 molule;

It will be for performing data analysis, storage of analyzed data,

topography generation and still topographic image storing process,

(f) Display module;

It 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

It, will be for controlling data file managing screen, file save, file

load, file copy, file elimination, file search and file sorting process.

6
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(4) Flowchart of program

Turn on the power

supply of the system

Operating system software is started

Operation by user at control panel

OS: Serves the main program with an operation

by user.

MAIN PROGRAM:

Recognizes switches on control panel and requests

initiation of program associated with each switch

OS:]
Enables the program requested from the main program

The program is executed

Fig. 3 Flow chart of program
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1.Introduction
This Softw process of the

ETG-4000
The following documents including Software Quality Plan have been created based on 'The documents
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) Test Plan
(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 --------- ---- - ser's requirements
The ETG-4000 Software Requirements will be created after collating and analyzing user's
requirements.

2.1.2 Creation of the development plan
The ETG-4000 development plan will be created based on ETG-4000 Software
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 C00ll), the research and development specification regulation (HMK C4004).

2.1.3 Creation of the basic specifications
The ETG-400 basic specifications will be created to realize user's requirements, based on
the ETG-4000 oftware Requirements and the ETG-4000 Development Plan.
The preparati of the basic specifications is prescribed in the basic specifications regulation
(HMK 04004)
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2.1.4 Creation of the functional specifications
ETG-4000 unctional specifications will be created to describe function-- ---------- put data

for each module divided by fu--------- ---- ed on the contents of the ETG-4000 --- ftware

Requirements, the ETG-4000  development plan and the ETG-4000  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-4000 Software Requirements, the

ETG- development plan, the ETG-400O basic specifications and the
ETG-4000 unctional specifications.
The preparation method of the cording is prescribed in the Coding Standard (CDM-S002B).

2.2 Verfication and Validation

2.2.1 Test
Tests will b-- ---------- d following the ETG-4000  Plan. The details are described in the

ETG-4000  Plan.
The test results are described in the ETG-4000 Test Procedure. The preparation method

of the Test Procedure is prescribed in the Test Procedure standard (CDM-SO05).

2.2.2 Analysis of Test Results
When defects are detected in tests, the design department must analyze the reason(s) why defects

occurred and try 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-4000  be described in the ETG-4000 
Validation Report.
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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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ETG-4000
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Test Procedure

ETG-4000

HITACHI MEDICAL CORPORATION
Tokyo, Japan
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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.

02004 Hitachi Medical Corporation ETG-4000 Section 8
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Section 9

Safety Information

Contents:

T est R eports ................................................................ 2
Biocompatibility ............................................................. 67
Risk Analysis................................................................68

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

©02004 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

lEG 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 RH-EINLAND
Product Safety GmbH-
Am Grauen Stein
D-51105 Kd1n TUV

TEST REPORT
12005692 001

IEC 60601-1:1988 + A1:1991 + A2:1995

EN60601-1:1990+AI :1993-.A2:1995-.A1S:1996
IEC 60601-1-1:2000 /EN 60601-1-12001

* ~~~~~~~~~~~~Optical Topography System

ETG-4000
Hitachi Medical Corporation

TUV

Page 3 of 8l
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Page: 01 of 48 TS EOTA
DOGNUM.: R6O60IIOO IEC 60601-1, -1-1

Rev: 4.0 Medical electric equipmentT V
Date: 112000General and particular requirements for safetyTU

Report

Nhi aeoti aedo ln mes .eor Hthach Meial Coreporedbtion usngi

Address...................126-10 Shintyofuta, Kashw i-sh, Cokhia-ken 277-08045, Japan

Test specification

Standard ................... IEC 60601-1:1988 +A 1f991 + A2:1995
EN 60601-1:1990+A1:1993A-A2:1995+A13:1996
IEC 60601-1-1:2000 I EN 60601-1-1:2001

Test procedure .. :........... TUJV Test Report

Procedure deviation............N.A.

* Non-standard test method.......N.A.

Test Report Formlblank test report

Test Report Form No ........... 1601 -1 _C/97-07 / 1601 -1 -1 -A

TRF originator .............. _ UL

Master TRF ................. 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

Description................ Optical Topography System

Trademark ................. Hitachi

Model and/or type reference......ETG-4000

Manufacturer ............ Same as client

Factory .................... Same as client

Rating(s) ................... 23QV-, 50/60Hz, 700VA
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12005692 001 Page 2 of 48
TOV

lEC 60601-1

Particulars: test item vs. test requirements

Classification of installation and use .................... ttenpe e / po e i, / mobile .fixe

I pcrrnzrzentl s~lzyIhndh

Supply connection ............................................ :........ pe....... / /
appliance coupler / n.....tz.h.ble..

Test case verdicts

Test case does not apply to the test object .......... : N(.A.)

Test item does meet the requirement .................. P(ass)

Test item does not meet the requirement ............. Flail)

Testing

Date of receipt of test item .............................. 2003-03-11

Date(s) of performance of test ............................ 2003-08-26 - 2003-09-03

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 System consists of a movable (casters) base rack. A metal box underneath incorporates a AC power supply

(linear 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 components were part of the device under test:
- CRT-Monitor: Eizo Co.,
- Keyboard: Dell Co.,
- Mouse: Dell Co.,
- Workstation with CD ROM/Floppy: Dell Co.

For EN 60601-f, the Amendment A13:1996 has been listed. However, since the descnbed requirements are not

applicable, no further reporting is deemed necessary.

Attachments

Attachment 1: Rating label / Transport/Storage label I Laser safety markings I Label Overview 15 pages

Attachment 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.: I601-1_C TRF origir.3tor: UL

- age bot fl
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TUV RHEINLAND
Product Safety GmbH
Am Grauen Stein
D-51105 K61n 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 Sl

FOI - Page 412 of 482

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

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



A
unodutsicRheinland

Produktsicherheit und -1 ualitlit TUV Berlin Brandenburg

Product Safety and Quality

Priufbericht - Nr.: 12004909 001 Seite i von 14

Test Report No.

Auftraggeber: Hitachi Medical Corporation

Client: 2-1 Shintoyofuta. Kashiwa-shi, Chiba 277-0804 Japan

Gegenstand der Prtifung: Optical Encephalography System

Test item:

Bezeichnung: ETG-4000 Serien-Nr.: Engineering

Identification: 
Serial No. Sample

Wareneingangs-Nr.: 3028121 Eingangsdatum: 11.03.2003

Receipt No.: 
Date of receipt:

a pr~fort: TUV Rheinland Japan Ltd., Yokohama Laboratory

W rosting locaion:1-26-10, Hayabuchi, Tsuzuki-ku. Yokohama 224-0025, Japan

pri. ifgru ndlage : lEG 60825-1:2001, Edition 1.2

Test specification: EN 60825-1 :1994+A1 1: 1996+A2:2001

Safety of laser products - Part 1. Equipment classification, requirements and

user's guide

Prlfergebnis: Der vorstehend beschriebene Prufgegenstand wurde geprift und

entspricht oben genannter Prtifgrundlage.

Test Result The a. m. test item passed.

Prfflaboratorium/Testing Laboratory kontrolliertkchecked by

geprifftltested by:

27.06.2003 E. Riechert 27.06.2003

Datum Name Unterschrift Datum Name terschrift

Date Name Signalum Date Name Signature

SonstigeslOtherAspects:

A standard update according to lEC 60825-1:2001, Edition 1.2 was performed.

The equipment was tested as delivered, assembled and set by the manufacturer.

Deviations from the set parameters and fault 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

Abkr9Zungen: ok / P = entspricht PrufgnjndIge Abbreviations: ok/P = passed

faill/F = entsprichf nich Prlgrutndlage fail/F = failed

n.a. IN = niht nwendb 
na. / N = not applicable

Dieser Priifbericht bezieht sich nur auf den o.g. Priifgegensta nd und darf ohne Genehmigung der

PrOfstelle nicht auszugsweise vervielfbltigt werden.

This test report relates to the a. m. test item. Without permission of the test center this test report is not

permitted to be duplicated in extracts.

TOV Rheinland Product Safety GmbH · Am Grauen Stein D - 51105 KdIfl Phone: +49221 608-1371 Fax: +49 221 806-3995

Mail: trps-certification@tuV.com ' Web: wA.tuv comn

H1 PSo AROUPS'tGF 3 0
3 rope¢csThstingtH1ACHt~4,~rNI4a b oI~ca'IU6'8s2~ 01 2604g 0e 
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A
Page 2 of 14 TUV

Reference No... ...... 12004909 001

Compiled by (+ signature) ...... see cover page

Approved by (+ signature).......see cover page

Date of issue ...... .see cover page

Testing laboratory

Name .......................... TUV Rheinland Japan Ltd., Yokohama Laboratory

Address ......... .. 1-26-10, Hayabuchi, Tsuzuki-ku. Yokohama 224-0025, Japan

Testing location ............ as above

Applicant

Name ........... ........... Hitachi Medical Corporation

Ii Address ........ .............. 2-1 Shintoyofuta. Kashiwa-shi, Chiba 277-0504, Japan

Test specification

Standard ...... l.... .. .. EC 60825-1 :2001, Edition 1.2

Test procedure N.A.

Procedure deviation N .A.

Non-standard test method N.A.

Test item

Description .................... Optical Encephalography System

Trademark ................ .... HITACHI

Model and/or type reference .... .. : ETG-4000

Manufacturer .................. same as applicant

Factory ....... ......... .. -same as applicant

Rating ...................... 230VW 50/60Hz 500VA

Copy of marking plate

engineering sample, no marking provided

Page 54 of 8l
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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-4000Pae6ofS t 2
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Risk Analysis

©2004 Hitachi Medical Corporation ETG-4000Pae6of8 2
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Risk Assessment Standard

Table -1 Risk Severity _____________

Class II Level [Injury Definition
Deaths - Deaths

IV 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
III Critical Serious Occupational Disease daily life

Serious System Trouble - Facility catches fire.
Slight Injuries - Physical or mental injuries which don't

II 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

INegligible Occupational Disease - Smoke from system, repairable

__ __ __Slighter than System Trouble ______________________

Table -2 Risk Likelihood ________ ___________

Level Likelihood Probability ( /ear) (for reference)

4 Probable I -Io-,
3 Occasional __ _ _ __ _ _ __to-,__ _ __ _ _ __ _ _ __ _ _ _

2I mprobable____ - Io-'
I In~~credible _.10-6

Table -3 Risk Level
Likelihood KKgvwA,~

4 B v
UIP

2 C *.B B t

C C B ~

Seveni~

Table -4 Risk Criteria _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___________________ Acceptable region Criteria

AILI:22::$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
________________ ____________________ consideringRisk reducing benefit and expense.

C Broadly Acceptable region - System isn't necessary to change.

H1MK C0tOmlS(rnslaied)
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Risk Assessment Report (b) (4)
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Section 10

Performance

Contents:
Sample Data Output .................... ......... .... ... .. .. .. 2

©20-04 Hitachi Medical Corporation ETG -4000

Page I 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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The ETG-4000 system Sample data
Task: Right Hand Tapping

Activ area

Hb Time course graph
5 task Data is averaged m
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 ti m
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

3rted, the amount of Total-Hb
<started to increase. After about

l5sec, the signal reached a peak.
After the peak,the signal returns -i

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 -
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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.

2D Topo graph
on the head
Select: Total Hb

ammmw
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The ETG-4000 system Sample data
Task: Calculation A ve area

Hb Time course graph I
5 task Data is averaged .. . 1 it'-
arithmetically. The increase of ..
Oxy-Hb and Total-Hb is II
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 L
that the Left frontal field activity
is dominant. 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 ,X* '*;''-'J'
'rea are activating.

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

L

C e
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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 - Ai
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
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The ETG-4000 system Sample data
Task: Name Listing 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
is sperior. An increase in the
Oxy-hemoglobin level
spreading around the Broca
area, the working memory area t
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
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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 observedl
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 pattem reversal)

Active area
Hb Time course graph
5 task Data is averaged
arithmetically. The increase of 011
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 1
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 n
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
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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 endof
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

m
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UO04;iI 1:02M;:H ITACM ME[DICAL 
;3300634414

HITACHI Fax
HITACHI MEDICAL SYSTEMS AMERICA, INC. Transmission

DATE: 9/29/04 Page 1 of 8
TO: Michel Janda Fax: 301-827-4350COMPANY: FDA

cc:

FROM: Doug Thistlethwaite Telephone: 330.425.1313
Fax: 330.425.1410

SUBJECT: 510(k) K042501 Responses REF#:
The docu ments acco mpanying this telecopy t~n nfrnm iion con ain confidential information belonging to the sender which is legally privileged. The
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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 5 10(k) Device Modification (K042501)
Hitachi ETG-4000 Optical Topography System

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,

-~? h it'ietliwai/te
Official Correspondent, Hitachi Medical Corporation

(330)-425-1313 x3720
thistlethwaited~hitachi.com

©2004 IlJitachi Medical Corporation ETG-4000 Revisions 092904
Page I of 2
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Chang~~~~e Reus Deci tion/Comments
Truth and ~~Acua ttachment I.- See revised T&A statement using standard form,

Statement
Device Nme in 5Attachment 2. Corrected to read "ETG-4000 Optical Topography

Summary Sytem".
Intended use Attachment 3. Revised usin standard form.
User Manual Corrections Attachment 4. Changed sterilization references to cleaning. See

pages 1-4 and 3-5, included.
Technical Paper references Attachment 5.
4, 5, 6 Item 5 - Note that the title reference for item 5 was incorrect in

the algorithm evaluation document. The included document is
the correct reference.
Item 6 - The listed item was published in Japanese. The included
document is an English version on the same topic.

©2004 Ilitachi Medical Corporation ETG-4000 Revisions 092904
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Attachment 2

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

510(k) Summary
K C%' 0 LII:C

Submitter Information
Submitter: Hitachi Medical Corporation

1-1-14 Uchi-Kanda, Chiyoda-ku
Tokyo 10 1-0047, Japan

Contact: Douglas J. Thistlethwaite
ph: (330) 425-1313
fax: (330) 425-141 0

Date: September 13, 2004

Device Name
Device Name: Optical Topography System

Trade/Proprietary Name: ETG-4000 Optical Topography System
Common Name: Oximeter

Classification Name: Oximeter
Classification Number: See. 870.2700

Predicate Device
Predicate Device: Hitachi ETG-100, KOI11320

©2004 ilitachi 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 Official Correspondent of Hitachi Medical Corporation, I believeto the best of my knowledge, that all data and information submitted in this premarketnotification are truthful and accurate and that no material fact has been omitted.

Douglas Thistlethwaite
(Name)

(Date)

510(k) Number: __- C_.{- 2ff'o

©2004 !titachi Medical Corporation ETG-4000 
Cover Letter

Page 3 of 3
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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.

Prescription Use x AND/OR ~Over-the-Counter Use
(Part 21 CFR 801 Subpart D) 2CF80SuprQ

'PLEASE DO NOT WRITE BELOW THIS LINE -CONTINUE ON ANOTHER PAGE IF NEEDED)
Concurrence of CDR]H, Office of Device Evaluation (ODE)

Page. IoflI
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Attachment 4

Section I Getting Startedl

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 thepatient and receive reflected light to conduct it to the detectors. Observe the followingcautions so as not to damage it by careless handling.

(i) Do not bend the optical fiber cable by curvature radius of 30mm or less.
(2) Do niot 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 gauze 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 tomake 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 products approved in respnetth E

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 offthe 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 powercable 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, dataacquisition, data processing and data display. Mounting any general computer onthe system can cause malfunction. Do not mount such computer.

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

1-4 
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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 bythe optical fiber cable due to body movement and so on, measurement data is affectedand a wrong result may be produced. Adjust the hanger so that all optical fibercables 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 
Q)E-FS0242

Page 27 of 225

/¢
FOI - Page 463 of 482

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

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



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

Yurchi Yamarshita,`u Alushi Maki, arid H-ideaki Koizumi
Morkdi 1D4., Atfvwtd R*-mer4 Lot~tvaton, Hawv~,t. Sariwma, Thi-6ItJA9 Japci-

(ltxeivr4 It Cklobvcr XXX): accepted for publication 21 Msrch 2(X)I

The precision of nrinintvasive optical mcasuscietoni atihc ctirwenlrafion clunget~ in oxvy. daoxy-,
and taud-hemoglohin dcerandts ait uov~mlebgi I csthiilnagi the precision, we calculated the noise
bevel of the concentration ulbange-s as the uniccnainitv in niasatrcineniti asimp several wavelength
pair-, or lighi. Seven baser dwdrcs 166M-848 urn) Were used &imuItaneOU.%l~ for spcctrnscnptc inca

urnei of brun itcivity during linger mnornr stimulalion. We ahso used the analysis of cenox
prunpaigaLi'n, fromn Lhx unceituinty in dirrect. measurement, or absorbancc changes to estimate indi-
rTcily Lk' uncentanvy of concentration changes. The iniasurcmcaca of the conccntualionj clises~
made using an 930166-rm, pair wre two times (oxy HIM and six tirne.5 idkuay-Ftb) mrae procise
than those made usings an 930fl2irm, jniT. ©~ 200 Amaeflccv Aswociveio of PhvsicifsI for Meli-
rIntt [ DOE l0 I11 IV 131341 _

Key words: noninva~sivc optical nwasaremnnem henoglobin, ~vkgh iaiusiwI. brain ;wnVItv

1. INTRODUCTON i-eveaa1 researchers have drveloped multiwavelcicgth mca-
%tamremem in h ricantitinftanle regaon" For cwnrpkv loin

Ncaz~nitarcd speciroseopy (N[RS) is a method f or noninva- wvlntsM3 I~ 6,ad44njw sdfrma
sive mneucremzuc of ussaic metabolism. Lerchirl aengh(7,1386 nd94mjreudfrm-

he Unsc n ri cimy npncli h suning hecrmogtobift and cytoichr-ome aa,.12 Anotuer method

surerirrt ofT brain activitv has recertilv becomec of intines nt~j~ ~ hr ivligh 70.~I5 rd$4 iifrtec
also Li, clivi' ~~cellahion of tissue scattering change thar obstructs hemiogle-only to) nCurosicknec hut ao diicu) muediciri because of bin mecasurelmentI Morcnovc, iwn, wavwckngths pruvide a

the deVrlopmTCnI III several measuremnent techniqucs such Li
I'MRI,5 PFL" and MEG." The advantages of NERS com sinple method for ineasurhng concentration changes in oxy-.
paired with LIXIsC techniques are portabiiity. real-time In Uoy sadtoaJ-hcmoigliohiftY" e- 'Th lijght %siihir,
surnennt, and decreased sensitivity to suhjieci movement, jte Iwnve~lengiregion 150- 5SC run is widely used I-or the
Thus NTRS is expected ito hecotni .o wideLy usciul method 1nonInI35VaIC measurement of hemoglobin by isso wave-

for mcmuremem of hmiv rictivity.lengths, becausec the oxy- athd dcoxv hemtjg)ohirs spvtctrn ar;

'Ili origin oIf nuninvasivc optical measurementicu dn "*IsdI aitsbtvMtinud hwvent Lf 5
NIRS is ihe uniineler, which measures the oxyge Timrin r. --i In general, a mnore senisitive and precise maue
of hei Ior' by usng heoobn sabtoration inent is expected when ihert 6, a large difftaecev in the ati-

*pCR-~ Following' U-h develojnnemtl of the wtrmvctur, sonflimonceiticicrnts between two wavelengths. Thus we can
NIRS has also been used io detesi then eorwnctnflon chne expect better precision by ibe misc of wavelsingths under V()
itt OXY-. deoxy-, and tOWa-hicnioglutnn duec to metabolic i'n' hea% th Mti o wclfkicirt of dtoxy-itcrnoglobin
changes, cenchial hkemrrrrhagc. and bamn activity . Using at 6370 Tim is Itou times larger than that at the 830-nm wave-
NIRS, ve-veral studies have developed a new methodology length as Shown in Fig. I.
fur norunvasive topoigraphic imaging of brain aectiviryA4 P tser diojdes heave recently bccurme ccnnticrcially avail-
and measurement systems fortU thi mag& 9.161 able ioi only our near-infrnared light (750-130 ram) butl also

For sprctiriscoipic rreasuremertin of hemoglobin. wLide for red light (650-700 nn$l. However, there is linkl reweatch
wavelength regions Erour visible to necar-infratred are used. to esunrnur the effectiVeneSs of 4udJi red light in MnimlingVWsv

The light within the wavelength region of 50--AE m is mexisurtlenrit (if Nrasm activity, Morcover, kew studies have
used for optica recording of an exposed hbnimnt becaute vFa shownT a wavelength depcndezce ol measuremnti precision
large absoirption band of hmrnuioglobun. Tle ozximcitr useste except Ibr a theoretical study for the mesnurement of herni,
wavelength range oft 6DO00-10 rmn for- the measurement of lOnbi uAygetAlIUM satunshuon in retinal blood vesscls.2
hemorglorbin in the catlohe fir l6n~crtip,' On the other hand, lIn the cm-rent study we estimated the dependence of mnca-
the light tithin the recarinfitaced rcgrt'n (around 800 urm) is suritremet precision of the concenriumion changes in hernugto
suitable for the nuninvusive mreasurement of the brain be- bin on wavelength ir a two- wavelengrth anraly-sis. We exper-
caUse Of theC greater pICneLr-alion tbxuiiugh the scalp and skull. nirwully developed a mrmianntilatus measurement system
The molar altoqacrsfon cnieflicwnrs vif oxy- and deoxy- using never, lasw dLndvx trim, red Io necar-infrared light
hentroglobin' 3 in 'he actiitiidregion ame sho-wn in Fig.)1. (664 -$4f nml 'Mc system use-s modulation and lock-in de-
The absorPtion e IS fi6!Ls WVe bused Lin natural loramrihnw leteom for highly sensitive specuroscopic measslIemfeli of

For Orx rioruivasive optical mum, ureirnnt of hemoglobin, brain activity. We used the theonrizcal anailysis of er-ro

sin8 Usid Phm. 2s e6, ,June WI0 001,1-24S2CGMIM(SW1081418.tk0 C WI0 Am. Anioc. Phiby. Met- 11lK
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ling Ysm.,hita, Win. art4 K~izunmi: Ncninmwfvvt opticlMmnirn lrirns liDV

1.11 - and 5 1, 1,~~~~~~~kp is the attenuation due Io scatleninglin LiSSIUM. DUting

a .: Mk N stirnujattuon fth u~xyrcnwitt fl the hemo~globin is charngcc
and absorbance A,, is ginin a.4

040 w =r s~imva th vaue tirtn Lvu~ylb fioCJ .i4 Because) th

C." IN 7% no IV* 100 ~~ahcidtancc durt e ogbn saOUw ttelrerhi
wlvvlenob~~~~mm~~ tha todeL cytochromne aou, 1 0wth main brnta of ,31. J in tissue

Fin A 11 1722f ym "%~cwi~m d=fm 2 7 2 7in sth i meinanstel ralesi N weneg simuiaiia Bchause iaiite
]It ~ ~ ~ ~ ~ ii([~tw asnapic a., ~a,~k Subtracting M foE-

(2) gives the ah~snrartnct change &AA, due t ~malvL

propagation for hencrcnoairrutft prcLISI~on o su rcaohtt sflos

the eonientrxanoft changes. Ali" ktwxLa~!

II. THEORY *a.jAC..,y- 1~ (3j~ AC

The iwo-wav'cetegth analysis, of hemioglobiun rnceiutra-
taon is explained ast follows. When Lhe distartce between the hr

minedeo and dciecl0o POi~i 0n thtae sealp is about 30) mm, AC0,- kC0,jj- C.1. d {4i

the detccsad lishi has mre~hal the caehrat LcorLcx. pass1its CsIi.~CLaeJd(5
through the scIt and the sku[I7A ThUle absclbunv~A,, 4 fIhj 'C," C .10-C.mit~d 5

for wavclagdh Xi dulung Test state is tilus aind
a~pproximately 1' ACJ= C, ,- 6do

~~~~~~~~~ ~~~~~~~It Eq. (6 A CL,Wmcanfs charige in ki~al hmgnOSIhnconcert-
lily tration, whiich conesponds upy.ivoiMale6y to the change in

~ ~ ek~,~~d I bloud volume. Because it is difficult Lo determine the effer-
8."k] oc~~~~~~~~ta path kutillh d inside Ohx cerebral crtecx. wtt %hnw the

+ 'i .t + 11Ii11 reititive CiincrMIitmtn LChbble. AC,,. AC,,,,, and

where is5 a~the detected tigit intensity during tOr resi AC Uj in units of milImtinnlrrindli mter. By using two dif-

state, 4,"j, is die incident liskil inensity, and ferern wavelengths, XI and \2, wc rAni obtain thie conccotra-

Fko, ame the molar absoepCtloncefficients Of cixy- and Lion changes by solving hq. (II is foillow&,

deoxy- hemoglobin at wavekengd' XI.'' C,.y and -e~~kAI~ Aa
Wv Ik corflctfl1uxilfl if uxy- and deoxy-

hemoglbiti durrimg thic rest Stale d is the eftecivc path

lengilt intfissue. a~, is the atk'ituatiob due to absompitriunfor A COjIIL:AA:Ijj a ,A~Aj

example, cytochronue aa,) except for that by hemuoploinh. E

A C111= a , A Cad,- F" )A r,.jk1 At

where ci~fieC;Icen depetids on wavelerngth SfightlyIy Although the
wiavckIisth dependcnee of the path lwtglth may caiut the

E tj~~0~~,l ~ ~ t&Myik2 ~~ I: ~ ~ unar~ty inr s A-C09 .y AC ., adACW there is little

Eqations {70)-(O show that Lhe cuqLnctrILTU~n ch m intirnliuilfn CMheil wavetensth dependence of the waiuernig
herroglonixan indirvtl measuremcrns cakulaied 1niri that coceficicmls of %~Ip. dkull, and brain int vrivo. in this analysis

direct mncasurrmeiui of the, absorbnc qhangacN AA, 'A "Mi we assunwc tha hthe effective pubh length is independent of

AA,, the fIleti'vc math length Inside- tisu±w ihrakiij de- wttvecnmph.
otndSC wVV3V)C$Ei~ saLcily hecause duv tissue watauning If tho tWO wavelengths arc fixed, the ctineenal~iiCn

MiokSc Pitlsicu, Vol 26, NJo. 6, Aw no'
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1110 Ytwrawhlta, Maki. and Kolinlim: Nmininauie opticad rinsa~runwirt 11110

elaipe c conlskdercid In iv a junction or the abscoibanct
chanuis. In 8c-nem-l, errot propagation in indirectnlcssurc e-__

mearl, is cxplatined as fdlhrnus The iisdirccr ,ncasuremena rj
described by a general lbniction fJof the direcl mv-asumtncroK S~

A arid Iv:J4U k ph fl
Arat7s

If the direct measurcineni uriccrtionlhs or &i and & an:

random and indqrrnideii each other, the uncertainly of the
mindirect measurement &, i approximatclv show-n by the par-
tial differenuial of Eq. I I i as followls,

- auI' bls- 11 2J .. 0

Assnming diat the JiicLeflaxnILt of the ahwsrhanec changes[%kr
ror 1wo wflvelent$Il is e tandomi and itaocependent- we apply
Eq, (7) {911 io [,,A 1121 and ubuun Ilk- fo1Iowing equaadomn: Hiu HI~k dinitm she nnvm ysyem: ALPDavalsoti;ow

amo&

uniquely identified by the modulation frequency. After cou-
( 131 pl irig each diode Iby an optical fiber coupler Mitsubishi Glas

Chemical CG5-S6j. the severt-wavelength light is spin to
1*0 ihizidsl. optiCal filbcrs (I -mm diameicri arranged at the

SAA I,)' lef~~It~ an~d nght herntspluzrc&. Thec reflected light from each
hemisphere it rccivedol by a delcchng OliialC fibrs I-minin

- ~~~~~~~~~~~diameter) next to each incideant fiber and connected 10 tone (if
I (~~~AAA1,,,P, (14 1 iwro avalanche pbotoduidcs lHanraniarsu C5460-01IJ The

L ~~~~~~~~~distance between the incident and detecting optical fibers is

arid V4 ,nrton (inach licntispherec. This arrnngrment allows thie
2 ~~~~~~simulLancour musurtmainet of the brain activilies of the lf

I 6A *I"W) I 6~I'j and Tnghl hemisphc'res, The nolsecequivakcnii powe Of tht:
£ ~~~~~~~~~avalanche phouiodiode is 20 fWt,,iH2_ Each avalanche photo-

rk-W ~~~~~~~~diodle oaspru is wepented inro seven mo~dularcii signals, one

E 11514 Iu Al for each Wivly~crigih. hy Keen hick-in Amplifiers. To untiml-
Lancuuslv rneasurtz both hecrnvsphcrvs and seven wavelkrnfth%.

where &$AA,,,, and 6AA,k 2, are Ike direri mcasurvmicllr uI- we used a total of 14 lock-an amnplifiers Each lock-in arniph-
ecertainties of Ike absorbaticc changes. and SAC,,,. hier consists of an IC module that acts, as a phase sensilive

.3C nd.y SW AC 1.. meaCn the indirect mllasLurlmlntL U11 detector (NF Coarpration CD-505R2). The input cqwivalent
certainties of tie concentration changes, in hemogLobin. Av- 1115 n'Iii-g or Qe lock in krphir Ki 30 rWIV(J1 Be-

curctiniS to Pqs. It3-95). the uncertairnitiesinheeoncerntra- cause the noise voltage of the uvalinchc pbuwctidirxl urppi
lion chunges depend (in not only the unvcrtaiflhics in sltef curcren-io-voknage amplifier is 2 LV/V _Hz, the serisidv-
absorbarice changes but also On the miolar alh~orpiitiin coufrn iiy of the hick-in amplifier is enough. The time constant of
cieits. These equations amis irdicua:e that 6A1C 011. the lock-in anhpliflcri~ is 125 mK 4hkc corresponding s~ialilix-
65AC&,,. and 666 Cw depend on the wavelength pair el X1 itg nime is about S5W mlirt The I4 oaiput signals of the
and X2. loxkir mnlpLifii- rcsent Stol a0* tomnputer via a munticha~nnel

=AIJ'LOg~digi[M1 wcnverrEt EKcidilcy MetraLByte DAS-
Ill. MEASUREMENT SYSTEM 1R4)LHC)0 With a KaMpling rair Of SwX ins. Through die

A block dutpiurn or' dthe niesuremerur Nywmn i% shsi in modulation and kwil-in dielocitn Of All drluiaga light, we
Fig. 2. The basic, design or the modulation and the luck-in simultaneously obtain spectroscopic measurements from
detection is the 5amei as a previous topgraphic imgn cacti laser diode with high sensitively qgauns Snay ligt.
systemo d tha hues two wavelengths of 780 and 834 nun The vitually no cros-walk bohixrcln the signals (Less than -50
currentH sy5stem uses seven-Liascr diodes with wavelengths ol dB), no optical loss srto optical filter Or dilruncticn gnfling).
664, 692, 752. 782, 7tfl, 83U, and 848 rim and each has a and rio time loss (no switcht-
power of 0.2 mW. Their intensities arc modulated stfU4irkuMAURMNTOsBANiC1V-
daily at frequencies rmwiing Ironm 1.2 to 3 3 Mirz, The rnodki- IVMESR EN OFBAN CT rY
lation frequencies are chlosent I avoid Any Lvertup in their The purpoise of InK MVAiur1M~ent LK Mitl to clarify brain
ha-rnunic frnloncicw. The: hltah humr cAKh Laser diode can kie iacrivity itself hud Ill lififiultC tdo WavelIŽIMth dependerce On

M11aleadia Ph"".c Vol. 23, No., 5, Jun. 2001
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1iii Yarnalthfl. till~, cn0 kwwani: Nonlnvashv. c41ticil Mm~Urwut 1

04t - CM (a)~~~~~~~~~~~~~~60

0.25
02 nilC~t

(1.01

-~0.23

(I 2 0I ( I 2, 4 4 i 0 10 2 4

li,114reorsu ax ilo ,s sobtiL asn Ith pri a I)tl'N) 0 pI :I

Ad isf¶.l Coofncn if act iNtnimIn ~had~mllc h

unccrtnnty- Thas we used a simple and well-knowin finger . 4th1
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Wavelength Dependence of Sensitivity in NIRS for Measurements
of Different Brain Areas

H1,roki Sato andA tsushi Maki

Advanced Research Laboratory, Hitachi, Ltd

Introduction
Concentration changes in hemoglobin (H1b) caused by neural activity can be measured in

cerebral cortices using near-infrared spectroscopy (NIRS) 1-3. We proposed NIR topography

in 1995 as a new noninvasive imaging modality 4and have developed the system since then.

The system called 'Optical Topography' (OT) is commercially available (ETG-100; Hitachi

Medical Corporation). It has 1 0 laser diodes of two wavelengths at 780 and 830 nm and

measures relative concentration changes in oxy-Hb (AC0 ., ) and those in deoxy-Hb

(ACdCOy). These values of AC,,, and ACdwoxy are derived from the differences in

absorption coefficients of oxy-H-b (s.,,) and deoxy-Hb (Edeoxy) between two wavelengths.

The wavelength dependence of the measurement sensitivity has lately been evaluated

using the error propagation law 5. The study suggested that the measurement uncertainties

are dependent on the differences in c,, and Edeoxy 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 £,,, and Ede...v between two wavelengths. That is, wavelengths shorter than

780 nm paired with 830 nm should provide more sensitive measurements of AC0 ,y and

ACdeoxy.

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 nmr were tested as

a wavelength paired with 830 nmr 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: 0.10O). 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

FOI - Page 471 of 482

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

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



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

ACoxy and ACdeoxy 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 5.

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 5, 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 hemoglobin (Hb) species (Jobsis, 1977; Jobsis et al., 1988; Wray et

changes in the concentration of oxygenated hemoglobin (oxy-Hlb) and al., 1988). Particularly important has been the application of NIRS
deoxygenated hemoglobin (deoxy-Hb) in tissue by using illumination at to noninvasive measurements of concentration changes in oxygen-
two different wavelengths, is often applied to noninvasive measure- ated hemoglobin (oxy-Hb) and deoxygenated hemoglobin (deoxy-
ments of human brain functions. It is common to use two wavelengths Hb) related to brain functions (Chance et al., 1993; Hoshi and
that are on opposite sides of the point where the optical absorptions of Tamura, 1993; Kato et al., 1993; Vilhinger et al., 1993). Since
oxy- and deoxy-Hfb are equal (about 800 rmu) but an optimaloxy-and eoxyHI, re eual abou 800nm) ut a optmal near-infrared (NIR) topography with multiple measurement posi-
wavelength pair has not yet been determined. In this study, we

conducted simultaneous recordings at five wavelengths (678, 692, 750, tions was introduced as a nonnvasive imaging modality (Maki et
782, and 830 nm) to determine the best wavelength for pairing with 830 al., 1995; Yamashita et al., 1996a,b), many cognitive studies using
nm. A theory suggests that pairing a shorter wavelength with 830 nm NIR topography have been reported in various fields (Kennan et
can provide more sensitivity because of the larger difference in al., 2002a,b: Minagawa-Kawai et al., 2002; Noguchi et al., 2002;
absorption coefficients of hemoglobin between two wavelengths. The Obata el al., 2003: Pena et al., 2003; Sato et al., 1999; Taga ct al.,
changes measured in four cortical areas (frontal, occipital, parietal, and 2000; Watanabe et al., 1998). In this method, the changes in the
temporal) showed that the noise level when the 678-, 692-, and 750-nm concentration of oxy-Hb and deoxy-Hb in the cerebral cortex are
wavelengths were paired with 830 nm was usually lower than when the simultaneously recorded at multiple positions by using light at two
782-nm wavelength was paired with 830 nom, which is consistent with different wavelengths (780 and 830 nm). Noninvasive NIR topog-
theoretical prediction. Moreover, the signal-to-noise ratios (SINs) and

waveengh deendncie ofthe owe detcte in ll reasand raphy, which has advantages such as applicability to infants, iswavelength dependencies of the power detected in all areas and
subjects together suggest that the 692-nm pairing had the highest S/N. expected to provide novel information on brain function (Koizumi
This suggests that the optimal wavelengths depend on not only the et al., 1999, 2003).
difference in the absorption coefficients of hemoglobin but also on the The current NIR system has both future potential and current

optical properties in the measurement area, which affect the strength of limitations (Koizumi et al., 2003). One limitation is the signal-to-
the attenuation data. The 692-nm wavelength is thus a more optimal noise ratio (S/N)-the data must be averaged to detect small
choice than wavelengths around 780 nm for pairing with 830 nm to activation signals such as event-related responses (Kennan et al.,
measure Hb changes induced by cortical activation. The improved S/N 2002b; Noguchi et al., 2002). Improving S/N sensitivity is thus one
enables more sensitive statistical analysis, which is essential to improvement needed to make NIR topography more useful. We
functional mapping with NIRS. have investigated wavelength selection for improving the S/N in
© 2004 Elsevier Inc. All rights reserved.

practical NIR measurements.

Keywords: Near-infrared spectroscopy; Wavelength; Hemoglobin; Cortical In dual-wavelength analysis, equations based on the modified
activation; Sensitivity Beer-Lambert law are used (Cope and Delpy, 1988; Delpy et al.,

1 988):

L ·ACoxy - AQox (;1. J.2)

Introduction -tdeoxy (12) AA(.I) + 2deoxy (11) 'A(2)
E

Near-infrared spectroscopy (NIRS) has been used for measure- L ACaeoxy ACdeoxy (. I12)
ments of biological metabolism such as concentration changes in

=v(y (X2) -AA(A,) - Voxy ().1) ' AA(22) (2)

E
where

· Corresponding author Fax: +8149-296-6006.
E-mail address:. h-satowrd.hitachi.co.jp (H. Sato).
Available online on ScienceDirect (www.sciencedirect.com.) E tdeox (.I) -Eoxy (A2) - t&dox (.2) oxy (A) (3)
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The relative concentration changes (ACG,, (2, 22) and ACdeoxy study, however, did not compare actual noise levels among
(21, 22)) are expressed as the concentration changes (AC0 ., and wavelength pairs although it concluded that pairing 690 or 760

ACeoy) multiplied by the indefinite optical path-length in the nm with 830 nm is better than pairing 780 with 830 nm for
activation region (L), where AA, eoy, and £deoxy indicate the measuring oxygenation changes.
logarithm of the intensity changes, the absorption coefficient of We think experimental examination of the Hb changes resulting
oxy-Hb, and that of deoxy-Hb, respectively, for two wavelengths from the use of an optimal wavelength (approximately 650-750
(,l, A2). Note that we have to assume that the path-length (L) is nm) paired with 830 nm is necessary to determine the practicality

equal for every wavelength because accurate estimation of L is of this method because simulation studies cannot verify every
almost impossible with this technique. Although the wavelength possible model. In particular, the practicality of each wavelength
dependence of L can be predicted and can make independent should be investigated by measuring the variation in the detected
measurements for multiple chromophores difficult (cross-talk), the light power, which depends on the transparency of the wavelength
cross-talk effect is negligible when measuring changes only in in tissue. Moreover, the dependencies of the activation-signal
oxy- and deoxy-Hb (Uludag et al., 2002). profile and S/N on the wavelengths should be examined to verify

Wavelengths that are symmetric about the point where the that these wavelengths measure the Hb changes induced by the
optical absorptions of oxy- and deoxy-Hb are equal (about 800 same cortical activation.
nm) are usually used as 3l and X2 (e.g., 780 and 830 nm), but In this study, we measured cortical activations in four areas

optimal wavelengths have not yet been determined. The present (frontal, occipital, parietal, and temporal) with simultaneous re-
study aims to improve the S/N for hemoglobin changes expressing cording using five wavelengths (678, 692, 750, 782, and 830 nm)

cortical activation by selecting an appropriate wavelength pair for to find a way to improve the sensitivity of NIRS measurements.
practical use.

According to the general error-propagation law, the noise levels
in the Hb changes depend on the differences in the Hb absorption Materials and methods
coefficients between the two wavelengths (Yamashita et al., 2001).
The theoretical noise levels in AC' w, and ACjeoxy depend on the Subjects and measurement paradigm

wavelengths and can be expressed as
Vdeoxy (22)> Four subjects (two men, two women; ages 25-45) gave

(tl-AC~,,y (21. 22))2 = K E (IlAA (A2 informed consent to participate in this study. All subjects showed
/,dEox,, (J)\2 right-handedness by the Edinburgh inventory (Oldfield, 1971).

+KSd"'y <J(8LA (22) )2, (4) Four stimulation paradigms were given to each subject for
measurement of the four cortical areas. To measure frontal cortex

\)2 (8 ,,y (22)> 2 6AA 2 activation, mental arithmetic tasks were used. A number from I to
(6ACQexy (21,.2)) E 9 was randomly presented every 1500 ms. The subjects were

9( ~oxy (I.1)] (A, (`2))2, (5) instructed to calculate the running total in their head and to whisper
\ E ) with minimum jaw movement the answer at the end of each string

where 6AC'xy (,. 2.2) and 8ACeoxy (2, 22) are the indirectly of 10 numbers. For the occipital cortex measurements, rectangular

measurednoiselevelsofACo',y (21,>2)andACdX.,y(XlA 2),andfJAA (,l) black-and-red checkerboard stimuli with the squares reversing
aAA (21) and tiAA (22) are the directly measured noise levels of between black and red at a frequency of 8 Hz were presented.
£4 (21) and AA (22) Assuming that Aia (;.,) and Aga (22) are The subjects were instructed to focus their attention on the fixation

random and independent, we can calculate 8ACdX (2, 22) and cross at the center. The parietal cortices were activated using a
6ACjeoy (t2, 22) using Eqs. (4) and (5). On the assumption that finger-tapping task-the fingers of the left hand were placed on the

rAia (Al) and SAIl (22) are the same, using a wavelength pair tip of the thumb in serial order (forefinger-second finger-third
having a larger difference in the hemoglobin absorption between finger-little finger-third finger-second finger-forefinger). The
the two wavelengths should provide more sensitivity. For subjects were asked to repeat the tapping sequence as rapidly as
example, wavelengths shorter than 780 nm paired with 830 possible during the time 'Tapping' was presented on a CRT
nm should provide less noise in measurements of AC',XY and monitor. Auditory-language stimuli were used for the temporal
ACAeoxy (Koizumi et al., 2003; Yamashita et al., 2001). Another area measurements. The subject wore headphones and was
study using a similar theory suggests that the 780- and 830-nm instructed to carefully listen to a Japanese story presented through
pairings are not optimal for oxygen saturation-related measure- the headphones while looking at the fixation cross on the monitor.
ments (Strangman et al., 2003). In each measurement paradigm, a 15-s stimulation period and a 30-

However, the optimal range of wavelengths has not been s rest period were alternated 10 times after a 30-s rest period. All
determined and the effectiveness of these wavelengths for practical the visual stimuli were displayed on a CRT monitor placed 70 cm
use is still unclear. A previous study (Yamashita et al., 2001) from the subject's eyes in a dark room. During the measurements,
measured only motor function in the parietal lobe of one subject the subject sal in a chair and was instructed to fix his or her gaze on
although optical properties are predicted to depend on the anatom- the cross at the center of monitor and to concentrate on each task.
ical variances among subjects and areas. Although the results The measurement positions were determined for each subject
supported the theoretical prediction that using two wavelengths based on the preliminary experiments using multichannel NIR
having larger differences in the absorption coefficients of hemo- topography (Optical Topography ®, ETG-100: Hitachi Medical
globin reduces measurement noise, they did not clarify the meth- Corporation, Japan) using the 780- and 830-nm pairings. The
od's practicality. On the other hand, another study (Strangman et positions showing significant activation in the frontal areas were
al., 2003) conducted simultaneous measurements with multiple around the middle of the Fp2 , F1, and F8 locations in the
wavelengths of 675, 691, 752, 780. 788, 830, and 840 nm. The international 10-20 system (American Electroencephalographic
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were delayed 6 s from the stimuli onset, the shifted period of the

stimulation was defined as the activation period. The mean Hb

A/D convoter changes during the prestimulation period and those during the
activation period were calculated for each block. Based on the t
value (paired t test) between the mean Hb changes in the presti-

mulation periods and those in the activation periods, data with

Oscillators ", significant t values (P < 0.1) were selected for further analysis
....... .:;; using the activation signal. After the selection, the mean Hb

Laser ........... i 678 692 750 782 830 i changes in the activation periods were used to examine the signal
diodes nm nm nm nm nm amplitude and signal-to-noise ratio (S/N). We calculated the signal-

to-noise ratio by dividing the signal amplitude by the noise
amplitude.

Incident Detection
position position Noise levels in Hb changes

Fig. 1. Diagram of measurement system. APD: avalanche photodiode. The noise amplitude in the Hb changes was determined using
attenuation data for the first prestimulation period of 20 s before

Society, 1994). The measurement positions in the occipital, pari- the original data was separated into blocks. The concentration

etal, and temporal areas were determined to be around the 01, C4, changes in the oxy- and deoxy-Hb were derived from the data after
and T3 locations, respectively. In general, the locations in the it was baseline-corrected using a line. The noise amplitude was

international 10-20 system have an appropriate rclationship with defined as the standard deviation in the Hb changes after applying

cortical anatomy (Towel et al., 1993). 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
NIRS measurement low-frequency fluctuations and physiological signals such as

respiration and pulse signals.
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 Results and discussion
irradiate the same point simultaneously. The continuous mixed-

light was irradiated on the subjects' head, and the reflected light Detected power of reflected light
was detected every 100 ms using an avalanche photodiode (APD)
located 30 mm from the incident position. Optical fibers (diameter The detected power of the original reflected light (830 nm) is

of I mm) were used for both the irradiating and detecting lights. shown in Fig. 2 for each cortical area. The power detected in the

The average power of each light source was 0.93 mW, and each frontal area differed greatly from those in the other areas, probably

source was modulated at a different frequency (1.0-2.7 kHz) to because the subjects had no hair covering the frontal area. The

enable separation using a lock-in amplifier after detection. power detected in the temporal area was higher than in the occipital
and parietal areas, possibly due to differences in the root-of-hair

Data analysis density and cranium thickness.
As shown in Fig. 3, the relative detected power was weaker the

Hb time course shorter the wavelength, except for the frontal area. Compared with

The detected temporal data for the attenuation change at each the detected power for 830 nm, those for 678, 692, and 750 nm
wavelength were separated into blocks consisting of a 5-s presti- were 36%, 44%, and 59% on average, respectively. The power

mulation period during the resting state, a 15-s stimulation period detected in each area differed depended on the wavelength,

during the stimulation, and a 25-s poststimulation period during the suggesting the need for spectroscopic study of human hair.
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 1.5E. 7
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 1.0E70._

in oxy- and deoxy-Hb [AC'Ay (2, 22) and ACexy (Al, ;2)] from the
attenuation data of two wavelengths [AA(.I) and AA(;2 )], 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 F 0 P T
that for the 678-, 692-, and 750-nm pairings in each area. Area

(F: Frontal, 0: Occipital, P: Parietal, T: Temporal)
Activation-signal amplitude

Fig. 2. Mean detected power (830 nm) in four conical areas calculated
Activation signals were statistically assessed and selected. using recorded voltage and corrected for detector's wavelength sensitivity

Assuming that the hemodynamic changes induced by the stimuli and amplifier gain. Error bars indicate standard error.
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0] 678 nmn 03692 nm El0750 nm previous studies (e.g., Sato et al., 1999), the concentration of oxy-

1782 nm "'830 nm Hb increased and that of deoxy-Hb decreased during the task
1.5.

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
0V 1 in the vascular system, as suggested by another study (Yamamoto

and Kato, 2002), in which similar results were found in Broca's0
xa area. Further studies focusing on the relationship among neural

0.5 activity, the fMRI signal, and the NIRS signal are needed for better

understanding of the physiological mechanism.
The t tests for all subjects except one indicated significant

0 · - - activation for both oxy- and deoxy-Hb in every cortical area. The
F 0 P T exceptional subject showed insignificant deoxy-Hb changes only

Area in the parietal and occipital areas. One reason for the exception
(F: Frontal, 0: Occipital, P: Parietal, T. Temporal) might be the possibility of variation in the deoxy-Hb changes

(Yamamoto and Kato, 2002). Another possibility is a poor S/N for
Fig. 3. Relative detected power of five wavelengths for each area corrected deoxy-Hb in both areas (Table 1). The activation-signal amplitudes
for detector's wavelength sensitivity and amplifier gain, and normalized by for deoxy-Hb are usually less than half those for oxy-Hb (Maki et
data for 830 nm. Error bars indicate standard enzor.

at., 1996).
After low-pass 0.8-Hz filtering, the profiles obtained from the

HIb time course four wavelength-pairs were compared. The low-pass filtering

eliminated the effects of high-frequency system noise, The

Using the attenuation data for each wavelength, we calculated correlation coefficients (Pearson's product-moment correlation

the Hb time courses. The block-averaged results for each cortical coefficient) are listed in Table 2. Every comparison shows a

area for each wavelength pair for a representative subject are significant positive correlation (P < 0.0001) for all subjects,
shown in Fig. 4. The shapes of the time courses obtained with indicating that every wavelength pair measured almost the same

the different wavelength pairs were similar for each area. As in cortical area.

- Oxy-Hb - Deoxy-Hb

678-nm pair 692-nm pair 750-nm pair 782-nm pair

T0.05 -I-T 1
Frontal 0

F -0.15

0.3
o0.0

Occipital _ ,1

-0.05

0 02 0 405 0 1 0 20rr0 01 0304 02 04

0

F- 015

0.

0.15

Temporal -::.

0 10 20 30 40 0 IC 20 30 40 0 10 20 30 40 0 10 20 30 40

Time [s] Time [s] Time [s] 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 I the optical properties of the biological tissue. We defined L as the
Relative signal-to-noise ratios (S/Ns) for four areas for 782-nm pairing partial path-length, which is the average path-length of light
calculated by dividing signal (amplitude of Hb change in activation periods) traveling through a focal region of absorber changes (Hiraoka et
by noise level (standard deviation during pre-activation period) al., 1993). To estimate the wavelength dependence of the activa-

Hb species Area Relative S/N tion-signal amplitude, we calculated the relative path-length (L' for
(mean ± SE) each wavelength, on the assumption that the path-lengths of 782

Oxy-Hb frontal 1.00 and 830 nm are the same:
occipital 0.57 ± 0.11
parietal 0.46 ± 0.05 L'(X) .
temporal 0.62 ± 0104 k ( A) X ACJxy (782 830)+ 8

deoxy (l) X ACdeoxy(782, 830)
Deoxy-Hb frontal 0.64 ± 0.04 (6)

occipital 0.31 ± 0.13
parietal 0.20 + 0.08
temporal 0.37 + 0.10 where the concentration changes for the 782-nm pairing were used

They were normalized using Oxy-Hh data for frontal area. as the standard changes [ACJxy (782, 830) and ACIeoxy (782, 830)] for
SE = standard error every wavelength to isolate the difference in amplitude of AC'y

and AC,¢o,, for the 678-, 692-, and 750-nm pairings due to the
variance in optical path-length (L) from that for the 782-nm

The correlation coefficients for deoxy-Hb for all areas except pairing. Recent reports suggest that the partial path-length is more
for the frontal area were relatively low because of the lower S/N appropriate than the differential path-length for compensating for
in those areas. The mean SiNs for deoxy-Hb in the occipital, the difference in NIRS sensitivity (Okada and Delpy, 2003a,b).

parietal, and temporal areas were about 31%, 20%, and 37% The relative path-lengths (L) calculated for each area are shown
relative to the S/N for oxy-Hb in the frontal area, respectively in Fig. 6. The average path-lengths for 678, 692, and 750 nm were
(Table 1). The lower correlate coefficients for deoxy-Hb may shorter than those for 782 and 830 nm although there were large

have resulted from the area dependence of the detected power intersubject variances. These results indicate that the variances in
(Fig. 2) and a lower S/N. the signal amplitude might be explained by the effect of the

varying path-lengths. The large variances for 678, 692, and 750
Activation-signal amplitude nm would greatly affect the deoxy-Hb signal because shorter

wavelengths have a higher absorption coefficient in deoxy-Hb.
The activation-signal amplitudes normalized using the data for The wavelength dependence of the optical path-length might

the 782-nm pairing are shown in Fig. 5. The amplitudes were lower raise concern about the cross-talk effect (Uludag et al., 2002).
for the shorter wavelengths in most cases. An analysis of variance Although we could not determine which wavelength pair actually

(ANOVA) (wavelength pairs x areas) indicated significant effect resulted in the minimum cross-talk since the L's were calculated on
of wavelength pairs for deoxy-Hb [F(3,40) - 3.65, P < 0.05] the assumption that the path-lengths of 782 and 830 nm are the

although no significant effect for oxy-Hb [F(3,48) = 0.97, P> 0.1] same, it is important that the direction of the signal (positive or
was found. According to Eqs. (1)-(3), the Hb changes (ACdxy and negative) was consistent among the wavelength pairs in each

ACdeaxy) do not depend on the wavelength pair, but it is possible hemoglobin and subject. This suggests that the wavelength depen-
that the activation-signal amplitudes were affected by a difference dence of cross-talk was small enough not to cause a different
in optical path-lengths (L's) among the wavelengths. activation pattern and that the signal amplitude can be corrected

Although the path-length (L) should be the same for different using the relative path-length when the signal amplitudes in the
wavelengths according to Eqs. (1)-(3), it changes depending on 782-nm pair are fixed as the standard.

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

Wavelength-pairs comparison Frontal (mean + SE) Occipital (mean ± SE) Parietal (mean ± SE) Temporal (mean + SE)

Oxy-Hb
678-830/692-830 0.998 ± 0.001 0.934 + 0.028 0.967 + 0.021 0.983 ± 0.013
678 -830/750-830 0.998 + 0.001 0.937 + 0.029 0.959 + 0.029 0.986 + 0.004
678 -830/782 -830 0.989 + 0.003 0.909 + 0.031 0.891 + 0.045 0.977 + 0.006
692 -830/750- 830 0.998 + 0.001 0.918 + 0.039 0.948 + 0.038 0.985 + 0.004
692-830/782-830 0.992 + 0.002 0.902 + 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 + 0.091 0.795 + 0.075
678-830/750-830 0.978 + 0.006 0.824 ± 0.058 0.810 + 0.070 0.782 + 0.088
678 -830/782 -830 0.970 + 0.013 0.782 + 0.059 0.575 ± 0.058 0.760 + 0.090
692-830/750-830 0.972 + 0.019 0.845 + 0.052 0.760 + 0.070 0.779 + 0.101
692 -830/782 -830 0.970 ± 0.017 0.825 + 0.047 0.598 ± 0.084 0.829 + 0.054
750- 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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E3 678-nm pair 0 692-nm pair depends on absorption and scattering not only in the cerebral

[ 750-nm pair U 782-nm pair cortex but also in the skin, muscle, skull, and so on. However, the
Oxy-Hb similar shape time courses shown in Fig. 4 and Table 2 demon-

strate that every wavelength could be used to measure the same
1.201.2 area and that differences in the signal amplitude are due to

.2 1.0 differences in the path-length. A simulation study examining the
a. dependence of the optical path on the wavelength is necessary for

O* 0.8 further discussion.
'a5, 0.6 A previous study (Yamashita et al., 2001) suggested that there

is no difference in signal amplitude and a similar tendency is seen00.4
·-> in their graphs. Another study (Strangman et al., 2003) did not

0.2 mention any dependence of signal amplitude on wavelength pair.

F 0 P T Noise levels in Hb change

Deoxy-Hb
The noise levels normalized by the noise amplitude in the 782-

1.2 nm pairing are shown in Fig. 7 for the four wavelength pairs and

1.0 four areas. The wavelength pairs using 678, 692, and 750 nm
ff8 'generally produced less noise for both oxy- and deoxy-Hb in every

E0.8 area. An analysis of variance (ANOVA, wavelength pairs x areas)

It was used to test the dependence of the wavelength pairs on Hb
.0 0.4 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.
" 0.2 0001 ]. Post hoc tests (Fisher's PLSD) revealed differences between
a:: the 678- and the 782-nm pairings (oxy-Hb: P < 0.01, deoxy-Hb:

F 0 P T P < 0.0!) and between the 692- and 782-nm pairings (oxy-Hb: P <

Area
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal) Q3 678-nm pair [ 692-nm pair

Fig. 5. Relative mean hemoglobin changes in activation periods normalized E 750-nm pair U 782-nm pair
using data in 782-nm pairing. Each sample was intrasubject averaged data Oxy-Hb
from 6 s after onset of stimulation to end of stimulation. Error bars indicate
standard error. 1.0

10-

The wavelength dependence of the optical path-length also 0.8
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 0
when the concentration change for the 782-nm pair was fixed as
the standard. It was not possible to determine whether each optical 0.2
path passed through the same tissue because the optical path 0

F 0 P T
0 678 nm E] 692 nm El 750 nm

* 782 nm 830 nm 1.2
1.2

--1.0-

0.80

0,

~~~~~~~~~~~~~~~~~~0.6'0.8 >)

0.4
0.6

W0.2'

00.2
0

0 F 0 P T
F 0 P T Area

Area (F: Frontal, 0: Occipital, P: Parietal, T: Temporal)
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal)

Fig. 7. Relative noise level of oxy- and deoxy-Hb. Noise level was standard
Fig. 6. Relative optical path-length (L) calculated for each block for each deviation in rest period normalized by standard deviation in 782-nm
subject and area and then averaged for each area. Error bars indicate pairing. Levels were calculated for each subject, then averaged among
standard error. subjects. Error bars indicate standard error.
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Oxy-Hb Deoxy-Hlb
0. 0,006

~=oF + -goF +* F .0F
· 0 0 0
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.04 AT 0.004 A TIn ~ ~ ~~~~~~~004 a0

o 0

0.002 0.002 ·

E ~~~~~~E
X ~~~~~X

LF 0 o n0.lr 2 q
0.00

0 0.002 0.004 0.006 0 0.002 0.004 0.006
Theoretical noise amplitude Theoretical noise amplitude

Fig. 8. Scattering diagram of theoretical noise amplitude (horizontal axis) and experimental noise amplitude (vertical axis). F = frontal area, 0 = occipital area,
P = parietal area, and T = temporal area.

0.05, deoxy-Hb: P < 0.01). Although a significant main effect of The experimental and theoretical noise levels showed signifi-
area was shown in the ANOVA [oxy-Hb: F(3,48) = 17.00, P < cantly high correlation coefficients (oxy-Hb: 0.99, P < 0.0001,
0.001, deoxy-Hb: F(3,48) = 2.80, P < 0.05], the interaction deoxy-Hb: 0.99, P < 0.0001), indicating that the noise levels
between wavelength pair and area was not significant. These were properly assessed. Consequently, these results suggest that
results suggest that the noise levels in the 678- and 692-nm using a shorter wavelength reduces noise levels in most Hb
pairings were lower than those in the 782-nm pairing regardless measurements.
of area and subject. The dependence of the noise level on the area
was probably due to the difference in transparency between areas, Signal-to-noise ratio
as previously mentioned.

The experimentally obtained noise levels corresponded to The relative S/N levels normalized using those in the 780-nm
those derived from theory (Eqs. (4) and (5)), as shown in Fig. 8. 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-

[ 678-nm pair E 692-nm pair pairs x areas) revealed a significant main effect of wavelength
pairs both for oxy-Hb [F(3,48) = 21.90, P< 0.001] and for deoxy-

~ 750-nm pair U 782-nm pair Hb [F(3,40) = 6.27, P < 0.005]. For oxy-Hb, post-hoc tests
Oxy-Hb (Fisher's PLSD) indicated a difference for every comparison (P <

2' 2.0 0.005) except for that between the 678- and the 692-nm pairings,
oi suggesting that the most sensitive measurement is achieved using
"e 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 (P < 0.05). A difference for every comparison
z1.0- (P < 0.05) except for that between the 678- and the 750-nm

>, pairings was demonstrated in this analysis. Therefore, it can be
0.5 concluded that the 692-nm pairing provides the highest S/N for

deoxy-Hb measurements in this system.
0 The S/Ns for the 6 92-nm pairing for oxy-Hb and deoxy-Hb

F 0 P T were approximately 1.52 and 1.63 times higher than those for the
Deoxy-Hb 782-nm pairing. Thus, the 6 92-nm pairing provided the highest S/

N for both oxy-Hb and deoxy-Hb in our system although the error-
a 2.0 propagation law predicts a higher S/N when using shorter wave-

C length such as 678 nm. This suggests that the optimal wavelength
>' 1.5 - cannot be determined only by the wavelength (absorption-coeffi-

cient of Hb species)--the optical properties of the measurement
z 1.0 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.

0
F 0 P T

Area
(F: Frontal, 0: Occipital, P: Parietal, T: Temporal) Conclusion

Fig. 9. Relative signal-to-noise ratio for wavelength pairs normalized using Wavelengths of 678, 692, 750, and 782 nm were examined for
data in 782-nm pairing. Error bars indicate standard error. pairing with 830 nm to improve the S/N of NIRS for measuring
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cortical activation. Noise levels in Hb changes decreased when response using transcranial near infrared optical topography and surface
using wavelengths shorter than 782 im, as predicted by the error- EEG. Neurolmage 16, 587-592.
propagation law, and the S/N was improved in most cases. Koizumi, H., Yamashita, Y, Maki, A., Yamamoto, T., Ito, Y, Itagaki, H.,

Although it has been suggested that activation-signal amplitudes Kennan, R., 1999. Higher-order brain function analysis by trans-cranial
Although ~~~~~~~~~~~~~~~~dynamic near-infrared spectroscopy imaging. J1. Biomed. Opt. 4 (4),

are affected by a difference in the optical path-lengths, the Hb time d0s-i .Ot
403 -413.

courses measured using all wavelength pairs agreed well in each Koizumi, H., Yamamoto, T., Maki, A., Yamashita, Y., Sato, H., Kawaguchi,
cortical area. This suggests that this wavelength range can be used H., Ichikawa, N., 2003. Optical topography: practical problems and new
to measure the same cortical area. The 692-nm pairing generally applications. Appl. Opt. 42 (16), 3054-3062.
provided the highest S/N both for oxy- and deoxy-Hb in this Maki, A., Yamashita, Y, Ito, Y., Watanabe, E., Mayanagi, H., Koizumi, H4.,
system. Although the detected power of the transparent light at 678 1995. Spatial and temporal analysis of human motor activity using
and 692 nra did weaken in most cases, the effects of the absorption noninvasive NIR topography. Med. Phys. 22, 1997-2005.
coefficients surpassed those of the decreasing transparent light on Maki, A., Yamashita, Y., Watnabe, E., Koizumi, H., 1996. Visualizing
noise reduction for the Hb measurements. Consequently, around human motor activity by using non-invasive optical topography Fron-
690 nm is a more optimal choice than around 780 nm for pairing tiers Med. Biol. Eng. 7 (4), 285-297.

Minagawa-Kawai, Y5 Moi K., Punsa h, Hayashi, R., Sato, Y., 2002.with 830 nm to measure Hb changes induced by cortical activation. g , , , , ya , y
Assessing cerebral representations of short and long vowel categories

The improved S/N enables more sensitive statistical analysis, by NIRS. Neureport 13(5), 581-584.
which is essential to functional mapping with NIR topography. Noguchi, Y., Takeuchi, T., Sakai, K.L., 2002. Lateralized activation in the

inferior frontal cortex during syntactic processing: event-related optical
topography study. Hum. Brain Mapp. 17, 89-99.
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

New Device is Compared toA
Marketed Device *

Descriptive Information Does New Device Have Same NO Do the Differences Alter the Intedded Not Substantially

about New or Marketed Indication Statement? ` Therapeutic/Diagnostic/etc. Effect YES Equivalent Determination

Device Requested as Needed (in Deciding, May Consider Impact on
YES Safety and Effectiveness)?*

New Device Has Same Intended NO
Use and May be "Substantially Equivalent"

New Device Has
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 0- Raise New Types of Safety YES 0
Effecti eness? or Effectiveness Questions?

NO Are the Descriptive NO

Characteristics Precise Enough NOto Ensure Equivalence? 0 1
NO

Are Performance Data Do Accepted Scientific

Available to Asses Equivalence? YES Methods Exist for
Assessing Effects of NO

the New Characteristics?

YES ® ~~YE

Performance Are Performance Data Available NO

Data Required To Assess Effects of New
Characteristics? ***{YES

Performance Data Demonstrate Performance Data Demonstrate

Equivalence? 4 Equivalence? 4

NO ~~~~YES 4,YES 4,NO
"Substantially Equivalent" O

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.

This decision is normally based on descriptive information alone, but limited testing information is sometimes required.

· ** Data maybe in the 510(k), other 510(k)s, the Center's classification files, or the literature.
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