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Nori-Invasive Optical Measurements 

Date: February 25, 1998 

A. Parties

Final Report 
CRADA No. TC-1070-94 

Revision: 

The project is a relationship between the Lav.:rence Livermore National Laboratory (LLNL)
and Novametrix Medical Systems, Inc.

B. Project Scope

University of.California 
Lawrence Livermore National Lahor.1torv 
7000 East A venue, L-795 
Livermore, CA 94550 

Novamclrix Medical Systems, Inc. 
5 Technology Dri\'e 
P.O. Box 690 
Wallingford, CT 06492 

Development and evaluation of Optical Coherence Tomography (OCT) as a new non-invasive
medical diagnostic tool for measuring concentration of absorbing species in highly scattering
media. Although funding reductions prevented the completetion of the originally proposed
project, the key deliverable of a detailed evaluation of OCT for quantitative spectroscopy was
achieved.

C. Technical

The main accomplishments of this collaborative project were:

I . Designed and built a fiber based OCT system
2. Quantified the penetration limits of OCT in a variety of tissue including skin, heart,

artery, and bone.
3. Designed and tested a dual wavelength OCT system which operated at 1.3 µm and I .5

µm. Using this system we demonstrated the potential of OCT to measure water
concentration in biological tissue.

4. Designed and tested a birefringence OCT system which accurately measured tissue
birefringence. Using this system we demonstrated the potential of OCT to diagnose the
extent of burn damage as evidenced by a significant reduction in tissue birefringence.

The lack of high-power broadband diode sources which operate at wavelengths below 800 
nm currently prevents the development of an accurate OCT based blood oxymeter. 
However, this technology will soon exist and our current plans are at that time to submit a 
proposal to our industrial partner. 
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Partner Contribution

1. A puke oximeter to be used as a blood oxygenation standard.
2. EvaIuated OCT resuk.s and compared to existing pulse oximeter.
3. Conducted literature searches to identifj medical applications of OCT-
4. Performed market studies of potential applications of H for medical appIica(ions,

including battlefield medicine.

No subjec[ inventions were created during the .CIWDA projec[.

Documents/Reference List
Paten{ application IL9617B Ml~lfiplc-\{~a~leleng[llspecmoscopic qwn{ifalion oJlighl-
Obsorhing species in scatlen”ng media

CRADA progress repor( FY95
CRADA progress repon FY96
CRADA final report FY97

Ackno\rlcdgemcnt

1)
2)

3)

4)

5)

The Panici&n[ has reviewed th; final report and concurs w;[h [he staternems made ~herein.
The P~licipant agrees that any modifications or changes from the initial proposal were
discussed and agreed to during the term of the project-
The Pzu-ticipantcertifies that aI1 reports either completai or in process are listed and all subject
inventions and the associated intellectual prope~ protection measures generated by his/her
respective company and attributab~e to the project have been disclosd or are included on a list
attached to this report-
The Participant certifies that if real property was exchanged during the aMeemen4 all has either
been returned to the initkd custodian or transfemd permanently.
The Participant certifies that proprietag information has been returned or destroyed by LLN_L.

Novarneti Medical Systems, Inc. Lawrence Liverrnore National Laborato~

Attachment I l%rd Abstract
Attachment II Projmt AccompIishrnents Summary
Attachment III FinaJ QuarterIy Report
Attachment IV Diagrams
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Non-Invasive OPtical Measurements

FinaI Abstract “
Attachment I

CRADA NO. TC-107O-94

Optical low-coherence reflectomet~ (OCLR) is a non-invasive optical technique for
imaging into highly scattering media. In this collaboration, LL1’Wand Novametrix Medics]
Sy~ems, Inc. evaluated the pot~ntial of OCLR to measure the concentration of blood
constiu-mts. A fiber optic scanning OCLR system was developed and used to measure the
penem(ion limits into a variety of animal tissue. The results indicate that OCLR can probe
Up[o 3 mm in[o tissue and accurately measure the transverse path len=ti arrd the [otal
auenua(ion coefficient. A dual wavelength OCLR system operating at 1300nm and
1500nnl demonstrated the use of (his technique to quantify waler content in human skin.
Additional optical sources operating at different wavelengths will allow OLCR [o be
combined with standard absorption spectroscopy techniques. UltimaMy, this will provide
a safe. incxpcmsive spectroscopic system able {o non-invasive]y qumnify blood constiluen{s

Wvcral millimckrs in[o tissue.

,

Lawrence Livermore National Laboratory is operated by the University of California for

the U.S. Depanmerx of Energy
Technical Transfer Initiatives Program, P.O- Box 808 L-795, Livermore, CA 9455 I
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Non-Invasive OpticaI Measurements

Project Accomplishments Summary (Attachment II)
CRADA NO. TC-107O-94

Date: February 25, 1998 Revision:

A- Parties

B .

c.

D.

The project is a relationship between the Lawrence Livermore National Laborato~ (LLhl)
and Novarnetrix Medical Systems, Inc.

University of California
Lawrence Liverrnore National Labora[o~
7000 East Avenue, L-795
Livcrrnore, CA 94550

Novamctrix Medical Sys[ems. Inc.
5 Technology Drive
P.O. BOX 690
Wallin:ford CT 06492

Background
~dlough absorption of light in t-heWavcdengdl range 600 ml 101400 nm is low in tissue Lhe
hi@ degree of scattering has prevented both imaging and accurate quantitative spectroscopic
measurements. For this reason severaI techniques for discriminating between the sczmered
and unscattered photons have been developul in recent years. BaUistic photon imaging in
which a ultrashort pulse ( 10-]4seconds), is used as the Iight source and time gated detector
used to eliminate the delayed (scattered) photons have achieved good resxdts but are not
amenable to clinical systems because of their cornplexi~ and cos~ Frequency dormin
techniques like optical Jow-coherenm reffectomeuy (OLCR) rely on using continuous,
broadband light sources and conventional optical detectom to produce a compact and modular
device. OLCR in the form of optical coherence tomography (OCT) has been appliuxl to
tissue imaging with demonstrated spatial resolutions of 15 pm in the longitudinal direction
and several pm in the transverse dimension. Accurate blood constituent monitoring (OZ,COZ,
anesthesia, alcohoI, and glucose) requires a precise measurement of absorption and the
photon path Iength transverse through the tissue. Manying OLCR with absorption
spectroscopy will provide a safe, inexpensive spectroscopic system able to non-invasively
quantify blood constituents severs.I millimeters into tissue.

Description ,
The goal of this project was to deveIop and evaluate the potential of Optical Coherence
Tomography (oCT) as a new non-invasive medical diagnostic tool for measuring
concentration of absorbiig species in highly scattering media- This involved constructing a
dual wavelength fiber based OCT system quantifying the penetration ?.imits in a va.niety of
tissue types and validating the underlying principles of quantitative OCT.

Expected Economic Impact
Although the lack of broadband spectral sources operating at the necessary wavelengths has
hrnited the development of a practical new device, we expect this soon to change as the diode
technolo~ evolves. Ultimately quantitative OCT wiil play an ‘mportant role as a low cost
and accurate non- or minimally invasive diagnostic ted. This will provide the medical
industry with a technique for immediate and continuous analysis and in many cases eliminate
the need for expensive laboratoxy tests-

.



.

.CFZADATC-107O-94
Attachment II

E.

H.

I.

Benefits to DOE
OCT offers the possibility of imaging through highly scattering media with 10-15 p-mdepth
resolution. Important applications of this technology which are important for DOE/DP
include: diaemostic of high explosives, imaging inside weapons and battlefield medicine.
This project also enhances LLNL’s core competencies. For exarnple, this project uses laser
program personnel to advance a new technology and will offer a critical test of our radiation
transpon codes in scattering media. The opti+md diagnostic techniques developed through
this project are similar to those required for studying scattering in ICF plasmas. The
scientists trtined as part of this project can play importam roles in ongoing DOE/I_.LNL
programs,

Industr~’ Area
hqtiic~ jndustry will benefit from thjs technology. Ultimmly conpc[ and inexpensive
optical diagnostics will reduce diagnostic (ime and cost.

Project Status
The main acconlplishmen~s of this collaborative projea were:

1.
7-.

:.

4.

Designed and buil[ a fiber based OCT system.
Quaiitified the penetration limit.. of OCI’ in a variety of [issue inc]uding skin. hcan.
ar(cry. and bone.
Designed and tested a dual wavelength OCT syswm which operated a[ 1.3 pm and 1.5
pm. Using this system we demonstrated the po(ential of OCT [o measure water
concemration in biological tissue.
Designed and tested a birefringence OCT system which accuratelv measured [issue
bireffingence. Using this syst;m we demofistrated the potential ;f OCT to diagnose the
extent of bum damage as evidenced by a significant rtiuction in tissue birefringence.

The lack of high power broadband diode sources which operate at wavelengths below 800
run currendy prevents the development of an aoxrate OCT based blood oxymeter.
However, this technology wilI soon exist and ou current pkws are that time to submit a
proposal to our industrial p~er.

LLNL Point of Contact for Project Information
L&z Da Silva
Lawrence Liverrnore National Laboratory
7000 East Avenue, L-399
Livennore, CA 94550
(510) 423-9867 ,

(510) 424-2778 (FAX)

Companv Size and Point(s) of Contact
Novame&x Medical Systems Inc., is a publicly owned company with net sales of $28
rnillion and approximately 200 employ~.

Industrial Contac~
Les Mace
(425) 882-3500
(425) 869-1923 (Fax)

--r7-??,.-=-- -.--J - - . -
-. —s— . . . —. . . . . .
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J- Project Examples
We have data which illustrates the abiIi~ of OCT to quantify water content in human skin. A
picture of the OCT system and results is included with this package.

K. Release of Information

I certify that all information contained in this report is accurate and releasable to
the best of my knowIedge.

bh~ % c~~ +4)%?
&ena McKinley, Director

*
Date

Industrial Partnerships
and Commercialization

. I
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RELEASE OF INFORMATION

I have reviewed the attached Project Accomplishment Summary prepared by Lawrence Liverrnore
National Laborato~ and agree that the information about our CRADA may be released for external
distribution.

+(2 “7g

Les Mace Dare
Novameuix Medical Systems, Inc.
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Lawrence Livermore National Laborato r y  
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1a. A document describing a method for measuring optical path length in 

a non-invasive spectral analyzer 

1b. A report of a laboratory experiment of a trial implemcn1a1ion method 

2a, A document describing the design of a prototype OCO apparatus 

2b. A report documenting experimental trials associated with the design 

3a. A final report on results of the CAAOA project 

Vcnhca1,oo 01 p.;n,c,pan:f r.;-1.L�d contnbulion was made in 
accordan.:� .. ,:-. UNL pc�,�.· E)ll!am basis or verification. 

P1t:asc ,ni1,�1 

LJ:,1 an;- sc�·:c: 1n"Jcn:1cr.� t\ e,:!':':t p;::;y (1ndude fl; for LLNL invcntH)fls}. add,ttona! Met,g,ounc ,n1c1�-c�1 
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Pa1Cnt Apphca11cn IL-S€17 Dual-Wavelength Spectroscopic Ouanutat,on ot l19ht-Absorb1ng Spec,es in 

in Sc,:Heur.g Media. Heward Nathel. Harry Canland. Bill Colston Jr 

Accomplishments 

Describe T r:chnicaVNon· T ecmcal lessons learned (address and be specific about mileslones. participant contribllfions) 
Summcrize causes/justific:;100 ol devia1ions from original scope of WOik. Continue on a separate page if necessary. 

06-96

06-96

09-97

09-97

09-97

NO 

Optical coherence tomography (OCT) was used to measure the concentration of an absorber in a scattering media at a 

single wavelength. The results indicated, as hoped, that path length information is preserved even at relatively 

large scatterer concenlralions. Thus the feasibility of Beer's Law type measurement using our system was 

demonstrated. The issue of penetration depth as a function of source power and wavelength was also 

investigated. using both scattering phantoms and tissue samples. The longer wavelengths, up to about 1300 nm, 

penetrated the furthest in tissue. Above this wavelength water absorption attenuates the light and limits · 

penetration depth. Currently our penetration depth in tissue is around 1 mm, using a 140 microwatt 

superluminescent diode centered at 1300 nm wavelength. We are investigating the use of more powerful sources 

and better electronic filtering of the detected signal to increase this range. Using a 1500 "''!1 wavelength 

source we have also been able lo perform water quantization experiments which demonstrate the potential 

ot OCT as a non-invasive medical diagnostic tool. The lack of high power broadband sources which 

operate at wavelengths below 800 nm currently prevents the development of an accurate OCT based blood oxymeter. 

However, this technology will soon exist which will make it possible to complete the CAAOA goal. Overall this 

CAADA was extremely beneficial and gave UNL and Novametrix tile possibility of evaluating the potential 

of OCT for both medical and OP applications. 

Reviewed by CAAOA projed Program Manager: 

Reviewed tr( Y.arena McK,,\!Ey, Oitedor.Wll.llP&C: j(� �� )� 
Direct ques:',ons 1eg2rdmg mis Report to f P&C Resource Manage<, Carol Asher, al {510) 422-7618 

Date: 

Date: 
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We have developed an OCT system for imaging
through scattering media
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We have demonstrated a dual wavelength (3CT
system for water quantitation
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Higher absorption of water at 1550 nm leads to faster decay of signal.

3

.


