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FOREWORD

Background: This is the final report for Contract DAAH04-94-C-0020 entitled
"Medical Applications of IR Focal Plane Arrays”. It was initiated in 1994 as
a three year project with funding from DARPA and DDR&E and monitored by ARO.
The motivation for this effort was to transfer the highly developed advanced
DOD infrared technology to the field of medicine, with a view to achieving a
low cost, non-invasive, non-ionizing and effective imaging modality. As such,
it could be used on its own or as an adjunct to other imaging methods
presently available in order to enhance the overall performance.

Infrared imaging was limitedly used both in the U.S. and abroad since the mid
1960s to measure the physiology of hemodynamics and of the autonomic nervous
system by means of a precise temperature measurement. Unlike imaging
techniques such as X-Ray and CT that primarily provide information on
anatomical structures, IR imaging provides physiological information not
easily measured by other methods. It is utterly non-invasive, as it passively
monitors radiant heat emitted by the human body. Hence, it is absolutely risk
free unlike X-Rays or even MRI and Ultrasound at a fraction of their cost.

The United States pioneered the clinical use of infrared imaging in the
late 1960s in neurology, surgery, oncology, dentistry, and dermatology. It
became very popular at the start, but was conducted with inadequate
equipment, with little awareness of the scope and limitations of infrared
technology, and with little understanding of the underlying physioclogical
and pathophysiological manifestations it can measure. This was a typical
example of a premature use of a technology in medicine and thus it was
discredited by the majority of the medical community. However, the true
believers in this technology continued their efforts in this important
research and today we have significant findings which support this
revitalized effort, that has been strengthened by the currently available
superior infrared technology.

Primary Anticipated Results: The premise of this program was to initially
perform an in-depth world-wide review of the status of infrared imaging in
medicine, in order to use it as a platform upon which to base its
reintroduction and revitalization with state-of-the-art technology. Important
factors were to identify current and potential uses of IR imaging in medicine,
and to define performance requirements and system specifications. In the
process of doing this, it was anticipated that a network of physicians,
academicians, biomedical engineers and manufacturers could be formed in order
to facilitate collaborative studies and exchange of information and methods.
Furthermore, it was deemed necessary to assess IR imaging benefits in terms of
cost savings, ease of diagnosis, and improvement of early detection of disease
as compared to other diagnostic imaging systems. Another anticipated result
was to initiate preliminary studies at leading academic centers in order to
stimulate interest for establishing programs to obtain quantification of IR
imaging data and develop plans for long term clinical investigations.



Current Status: Substantial progress has been made in the determining of
the benefits of IR imaging in medicine in the last three and a half years.
This has been reported in current literature, scientific conferences, and
workshops. The latest advances in IR focal plane arrays have led to superior
performance cameras with the increased sensitivity and specificity required
by medical users in both military and non-military medicine. Under the
current ARO effort, there has also been marked progress in identifying
potential applications for the cost effective use of infrared imaging in
medical screening, diagnosis, and therapy.

Several major areas of use were identified through in-depth review of recent
literature, contact with leading medical centers, clinicians, and
universities. Current and potential uses of IR imaging in medicine are in the
areas of neurology, vascular disorders, arthritis and rheumatism, pain
(management and control), surgery, neonatology, oncology, tissue viability,
emergency medicine, dermatology, ophthalmology, and dentistry.

The impact of the above findings and developments form the basis for the
continued exploitation of infrared imaging in medicine and establish its
potential value to the medical field. It further enhances the renewed interest
in this modality, which provides a non-invasive, non-ionizing, diagnostic and
therapeutic form of imaging at very reasonable cost. It has already generated
new initiatives in DOD, industry, and universities.

New initiatives using infrared imaging have been initiated in several medical
centers (Walter Reed Army Institute of Research, National Institutes of
Health, Johns Hopkins University Medical Center, Duke Medical Center, North
Carolina State University, Ville Marie Breast Center, Elliott Mastology
Centers). These are promising preliminary clinical assessments, and the
guantification of these studies have to be continued.

Results from IR systems performance assessments indicate that the present IR
technology, both cooled and uncooled, have sufficient sensitivity and
resolution for practically all medical imaging applications. However, image
processing needs to be enhanced with advanced algorithms which will provide
improved image interpretation for the physicians. Further, software packages
must be designed to be “user friendly”.

Technology Transferred: Through this work, infrared imaging in medicine
was exposed to ever-growing audiences. For the first time, the work of the
last two decades in this field was given a wider and more unified focus. By
means of special tracks and workshops in international conferences organized
by the Principal Investigator, this work sparked a significant and ever-
growing interest in the capabilities of this modality. For example, from 1994
to 1987 the papers presented at these conferences increased from 6 to 36; many
academic and DOD medical centers initiated clinical investigations using
infrared imaging. Manufacturers of IR cameras were appraised of this
development. This triggered an interest in taking another look at the
potential medical market.



1. PROBLEM DESCRIPTION

Infrared imaging in medicine was discontinued as a mainstream modality in the
United States in the 1970s, after a very enthusiastic beginning in the 1960s.
For example, as early as 1973 IR imaging was included in research studies on
breast cancer conducted by the National Cancer Institute at NIH. At that
time, they proved inconclusive and eventually were dropped from the testing.
However, some of those researchers who continued the work have since published
promising results in breast cancer and stated that the failure of the original
tests was due to inadequate training in thermography and physiology of the
researchers. Furthermore, it was conducted with inadequate equipment, with
little awareness of the scope and limitations of infrared technology, and with
poor understanding of the underlying physiological and pathophysiological
manifestations it can measure. This was a typical example of a premature use
of a technology in medicine which resulted in it being discredited by the
majority of the medical community. However, the true believers in this
technology continued their efforts in this important research, and today we
have significant findings which support this revitalized effort that has been
further strengthened by the currently available superior infrared technology.

The present program was based on the premise that by:

(1) performing an in-depth review for ascertaining the available current
research findings worldwide, it would be possible to identify the most
promising areas of applications.

(2) comparing this imaging technique with other available ones, one could
establish impact in cost savings, early detection of disease, diagnostic
screening effectiveness, and benefits.

(3) defining the image performance requirements and systems specifications
needed in a clinical measurement setting, it would be possible to determine
factors such as thermal sensitivity, special resolution, SNR, optics, frame
rate and image processing.

(4) using the forum of conferences, workshops, briefings, and networking, it
would allow the groundwork to be set for collaborative efforts between medical
centers, academia, biomedical engineers, and manufacturers.



2. SUMMARY OF MOST IMPORTANT RESULTS

This was a three year contract, and the following are the most significant
results:

2.1. sStatus of Medical IR Imaging Worldwide:An in-depth survey of the
status of clinical IR imaging in U.S., Europe, Japan, and Korea was
undertaken. The results are highlighted as follows:

(1) United States: The U.S.pioneered the clinical use of IR imaging in the
late 1960s and was the first to use it in neurology, surgery, oncology,
dentistry, ophthalmology, and dermatology. Presently, its use has been
limited due to the following reasons:

(a) early clinical research was conducted with inadequate equipment,
with lacking technology and standardization, and with inexperienced users.
This led to unreliable results,

(b) strong political bias due to competing technologies.

All the foregoing reasons resulted in the withdrawal of support from both
government (Medicare) and insurance companies. Most American manufacturers
currently do not use the available technology, because the demand has been
curbed by the lack of reimbursement to the patient. However, there is recent
increased interest in IR clinical testing by several well-known medical
institutions (Harvard, Johns Hopkins, Texas Childrens' Hospital, NIH, Thomas
Jefferson Medical School, North Carolina State University. etc.). DARPA and
the ARMY (MRMC, NVESD) are initiating efforts for clinical studies related to
battlefield use. More recently, the exposure gained by the presentations at
the IEEE conferences, beginning in 1994 in Baltimore, and the collaborative
efforts forged at these, has instigated a forward trend and interest in the
involvement and investigation of this modality. For example, in the first
conference we had only six papers; in the fourth conference in Chicago we had
36 papers (six sessions of which three were clinical) on this subject.

The American Academy of Thermology is now working on standardization of
infrared systems, image processing, training, etc., and these efforts are
being coordinated with the Europeans and Japanese in order to develop an
international standard.

There has also been some concrete commercial activity as follows:

* General Electric has developed an infrared camera “Thermal Coronary
Angiography System” for use in open heart surgery, and is presently marketing
it.

+ Computerized Thermal Imaging (CTI), Inc., from Lake Oswego, Oregon, has
formed a teaming arrangement with TRW to develop and market infrared cameras
to be used in medicine. Howard University Hospital in Washington, D.C. is
currently doing clinical pre-testing. Some of these tests include breast
cancer studies.

More specific information of the above activities is contained in Appendix A.



(2) Europe: The European Association of Thermology established protocols
for the use of infrared imaging in selective areas such as rheumatology.
clinical pharmacology, Reynaud’s phenomenon, etc. Emphasis is placed on
quantitative imaging for disease management. A number of academic medical
centers support these activities. The British Medical Association listed test
procedures with recommended changes for adoption. The European Union
developed draft specifications for clinical IR imaging equipment and
methodology for standardization within the European Community. This will be
submitted to other countries such as U.S., Japan, Korea, etc., for
coordination and adoption. The relevant draft was discussed and coordinated
at a special workshop (requested by the Principal Investigator) at the Vienna
conference of the European Society of Thermology in May 1997.

(3) Japan: Japan is the world’s most frequent user of IR imaging in clinical
settings (more than 1200 hospitals routinely perform such tests which are
readily reimbursed by the Japanese National Healthcare Insurance). Present
cost of thermographic test is $50.00, with a projection to reduce it further.
The Japanese Industrial Standards Organization sets guidelines for:
thermographic testing, standardization for thermographic images, and
standardization of image handling and data bases. The Research Center for
Advanced Science & Technology, University of Tokyo, sets national
specifications for clinical infrared equipment. (More detailed information is
included in Appendix B).

(4) Korea: In Korea infrared imaging was introduced in clinical settings
only five years ago, but today it is used by more than 300 hospitals for
routine screening, diagnostic, and therapeutic testing for both Western and
Oriental medicine. Government and insurance companies reimburse all
thermographic testing. The infrared equipment is imported primarily from the
U.S. and Europe.

2.2. Primary Medical Applications for IR: Ten major areas of use were
identified through in-depth review of recent literature, contact with leading
medical centers, clinicians, and universities. The specific areas of IR
imaging uses are: neurology, vascular disorders, arthritis and rheumatism,
pain management and control, tissue viability, oncological and breast cancer,
dermatological disorders, surgery, neo-natal, and ophthalmology. It has been
ascertained that the clinical areas most likely to lead in medical infrared
imaging are as follows:

- Open-heart, organ transplant, and reconstructive surgery.

- Staging and management of diabetes mellitus and liver disease.

- Neo-natal care and early diagnosis of neurological and metabolic
disorders.

- Screening of breast and skin cancer.

- Soft tissue and skin injury.

The significant benefits of infrared imaging to the above applications
is its ability to detect and characterize pathophysiological abnormalities
(e.g. functional imaging) not readily identified by other means, such as X-
Rays, CAT, and Ultrasonic imaging, which provide only structural information.



The latest enhancements in MRI systems do provide capability for both
structural and functional imaging, but at a far higher cost. Some advantages
of IR imaging, as well as some shortcomings, are listed in

Table 1.

The impact of the above findings is the basis for the exploitation of
infrared imaging in medicine and establishes its potential wvalue to the
medical field by the possibility of generating new interest in non-invasive,
diagnostic imaging at very reasonable cost. It has already sparked new
initiatives in DOD, industry, and universities (for more detailed discussion,
see Technology Transfer Section).

2.3. Performance Requirements Analysis: This effort established
qualitatively the performance requirements in terms of both spatial resolution
and thermal sensitivity for several critical medical applications, which led
to the formulation of the IR camera system design specifications which are
shown in Figure 1 and Table 2. This is a unique achievement since it has never
been done before. Now, it requires further work in order to quantify these
data. Additional findings demonstrate that current low cost,uncooled and high
resolution scanning IR systems are effective, and are suitable for meeting the
performance needs required for most of the clinical uses. This information is
of utmost importance to IR system manufacturers and clinicians.

2.4. Performance Analysis of IR Imaging Systems: Modelling results
were obtained on the performance of the infrared systems (cooled and uncooled)
as a function of aperture and recognition range. Performance curves for
present systems and projected future systems were obtained which indicate that
uncooled IR systems have the potential to approach the performance of cooled
systems with improvements in uncooled materials, thermal isolation structures,
and read-out electronics. Additional modelling on medical infrared sensors was
performed to obtain thermal sensitivity versus .optical aperture at short range
as required in a clinical setting. Performance data are shown in Figure 2.
This is an accomplishment, since it is the first time that the latter was
successfully tried on a medical sensor (see attached results).

The significant benefit of this accomplishment is that it demonstrates
both cooled and uncooled infrared systems can be used equally well for certain
applications in medicine.

2.5. Comparative Analysis between U.S. and Japanese Medical IR
Systems: Japan for some time now has successfully used IR imaging in
medicine on a large scale. One third of their hospitals, about 1,200
institutions, use these systems on a regular basis. The Japanese believe that
the next step would be to develop a system suitable both in price and
operation for use in their outpatient clinics, which outnumber their
hospitals, (about 10,000). Hence, it seemed cogent to obtain first-hand
information on lessons learned from their wide exposure, and to compare the
available systems for this purpose in Japan and the U.S. The factors
considered for this purpose were the following: technology, equipment,
specifications/standards, number of hospitals, insurance company and
government reimbursement of tests. The results show that, although the U.S.



is far superior in IR technology, Japan has better designed systems
specifically for medical use, and especially user-friendly. They also lead
significantly in other factors as shown in Table 3.

These data are important as a basis for the possible enhancement of the
use of this technology in the U.S. For example, we have to address
deficiencies like standards, hospital use, insurance companies and government
reimbursement, in order to establish it here. Effort was focused on these
issues, in addition to initiating further clinical studies at medical centers
for validation, but a lot more work is needed.

2.6.Duke University IR Clinical Test: Met with the Chancellor Emeritus,
Dr. William Anlyan, and the Chairman of the Department of Radiology, Dr. Carl
Ravin, of Duke University Medical Center in order to introduce to them the
potential advantages of using IR imaging clinically. The main purpose was to
convince them to carry out some basic clinical research on the early detection
of breast cancer using this modality. Originally, they were hesitant due to
the past history of Thermography, but they were more amenable when we
suggested that we could arrange for them to borrow a state-of-the-art camera
from the Jet Propulsion Laboratory for preliminary tests. Another key factor
in influencing their decision was the viewing of the images taken at the
Browman Gray School of Medicine, North Carolina, by Professor Wesley Snyder,
North Carolina State University, Mike Grenn, CECOM/NVESD, and Tim White,

Lockheed Martin, of the trauma patients as they came into the hospital. [This
collaborative team and idea was an off-shoot of the IEEE/EMBS International
Conference in Amsterdam, 1996]). The arrangements for Duke were finalized in

1997 and the clinical testing will be in February/March 1998.

This is a significant accomplishment because it is very crucial to have
the opportunity to validate the value of IR imaging at a top medical center.

2.7. Assessment of Medical IR Imaging Systems Currently in Use: A
survey was made to ascertain what systems were used to produce the clinical
data presented at the IEEE/EMBS conference in Chicago.. The questionnaire
given to the presenters covered all key characteristics and specifications,
including performance such as spatial and thermal resolution, frame rates,
size, weight, etc. The rationale for this survey was to correlate the system
performance with the quality of the results presented by the speakers.

The significance of this would be to get a comparison of systems and
their efficacy in clinical settings. These data were given to Mike Grenn,
NVESD, who will do a qguantitative performance analysis using the night vision
IR model. This will be of great importance for manufacturers to enhance the
system performance, and for the users of medical IR cameras to optimize their
clinical results.

2.8. Latest Results on IR Imaging in Breast Cancer: A study was
conducted to compile the latest findings concerning the use of infrared
imaging in breast cancer. The following are some of the most significant
results reported: )



(1)

(2)

{3)

Dr. Keyserlingk, et al, from Canada recently reported that when
mammography is used with infrared imaging, there is an enhancement in
sensitivity from 81% to 95%. 1In addition, in a sampling of 62 breast
cancer patients, infrared imaging was especially useful in younger
patients. 1In these clinical studies, infrared was used as an adjuvant
imaging modality to mammography (“Infrared Imaging of the Breast: A
Preliminary Reappraisal Using Resolution Digital Technology in 62
Successive Cases of Breast Cancer”, Proc. Amer. Society of Clinical
Oncology, Denver, Colorado, May 1997). :

In his recent report “Infrared Imaging of the Breast: A Preliminary
Reappraisal Using High Resolution Digital Technology in Addition to
Mammography in the Detection of Stage I and II Breast Cancer”, Proc. of
Workshop on Organized Breast Cancer Programs, Ottawa, Canada, April
1897. Dr. Keyserlingk extends his observations to one hundred patients,
17 were undetected by IR imaging, 16 were undetected by mammography, and
only 5 were undetected when both modalities were used together.

Dr .Head et al compared a first generation infrared imager with a second
generation (focal plane array), and he reported an enhancement in
sensitivity for detection of breast cancer from 32.7% to 50.5%. This
work was funded by the U.S. Army CECOM, Night Vision & Electronic
Sensors Directorate under a Small Business Innovative Research (SBIR)
Program (“Breast Cancer Risk Assessment with an Advanced Infrared
Imaging System”, Proc. Amer. Society of Clinical Oncology, Denver,
Colorado, May 1997).

In a previous paper “Application of Second Generation Infrared

Imaging with Computerized Image Analysis to Breast Cancer Risk
Assessment, Proc. IEEE/Engineering in Medicine and Biology Society
International Conference, Amsterdam, 1996, Dr. Head reported that the
second generation infrared imager has greater thermal sensitivity and
greater dynamic range which results in a greater ability to demonstrate
asymmetric heat patterns which indicates early breast cancer problems.

Dr. Gamagami in his recent book “Atlas of Mammography” (November 1996)
reports that with telethermography preneoplastic angiogenic alterations
can be seen in asymptomatic patients years before clinical or
mammographic manifestations appear. Further, he reports that this
modality can be very useful in evaluating the efficacy of chemotherapy
before and after treatment of inflammatory carcinoma. In addition, he
reports that infrared imaging should be used in conjunction with
mammography (“Atlas of Mammography”, Blackwell Science, Inc., Nov.
1996) . This work has been described in his most recent paper “Infrared
Imaging in Breast Cancer, Proc. 19th International IEEE/EMBS Conference,
677-680, 1997.



(4) Dr. Ohashi of the Cancer Institute Hospital, Tokyo, Japan, has
demonstrated a significant enhancement of detection of breast cancer
by sequential image subtraction during cooling off of the breast, first
reports in “On the Diagnosis of Synchronous Bilateral Breast Cancer by
Thermography”, Biomedical Thermology 15:142-149, 1995, and further
elaborated in “Some Considerations on the Diagnosis of Breast Cancer by
Thermography in Patients with Non-Palpable Breast Cancer”, Proc. 19th
International IEEE/EMBS Conference, 670-672, 1997.

(5) Dr. Anbar proposes in his book “Quantitative Dynamic Telethermometry in
Medical Diagnosis and Management” (1994).that breast cancer is
associated with extravascular production of nitric oxide, which causes
vasodilation, manifested as local cutaneous hyperthermia. Hence,
infrared imaging can be used to detect this at an early stage of breast
cancer malignancy. Dr. Anbar’s later publications on the subject are
“Hyperthermia of the Cancerous Breast - Analysis of Mechanism”, Cancer
Letters 84:23-29, 1994, “Thermological Implications of Vasodilation
Mediated by Nitric Oxide”, European J Thermology (Thermologie
Oesterreich) 5:15-27, 1995, “Mechanism of Hyperthermia of the Cancerous
Breast”, Biomedical Thermology, 15:135-139, 1995, and “The Role of
Nitric Oxide as a Synchronizing Chemical Messenger in the Hyperperfusion
of the Cancerous Breast”, in The Biology of Nitric Oxide Part 5, S.
Moncada et al (Eds.) Portland Press, London, 1996, 288a-288d.

2.9. IEEE/EMBS Magazine Special Issues on “Infrared Imaging: Aan
Emerging Technology in Medicine”: As a result of this contractual
effort, during the last three and a half years there has been a cohesive
international focus to consolidate knowledge, experience, clinical data,
ideas of standardization and training, and to start collaborative initiatives
for reestablishing the basis for the use of infrared imaging in medicine. For
this reason, medical infrared imaging was introduced as an emerging
technologies topic at the International IEEE/EMBS 1994 Conference in
Baltimore. Since then, this effort has continued every year with ever
increasing presenters and audiences. In 1997 in Chicago, there were thirty six
papers on different aspects of medical applications, and there were two
special workshops; one was exclusively on early detection of breast cancer.
Given this evolution, the Principal Investigator was invited to be the guest
editor for a series of three special issues of the EMBS Magazine dedicated to
infrared imaging in medicine. The first issue is focused primarily on
introductory and overview papers; the second and third issues will be
exclusively on quantitative clinical results and methods, including system
requirements and "smart® image processing.

The first issue contains eight articles which were contributed by
internationally known experts in the use of infrared imaging in medicine,
IR technology, and systems. Francis Ring (UK) presents a paper which
traces the development of temperature measurement based on his experience
of thermal imaging used in his work in rheumatology and pharmacology.
Michael Anbar (USA) reviews the state-of-the art clinical infrared imaging
in the last five years (1993-1997) and covers recent developments in



clinical thermology in many fields of medicine, ranging from general
surgery to ophthalmology. Anbar emphasizes the importance of understanding
the mechanisms of physiological dysfunctions that are manifested in dynamic
thermal abnormalities. 1Iwao Fujimasa (Japan) describes novel
pathophysiological expressions of infrared images and proposes methods of
analyzing procedures of thermal images. Richard Harding (UK) presents

his extensive work in the use of infrared imaging in deep venous
thrombosis, coming up with definitive conclusions. Kunihiko Mabuchi

(Japan) describes the development of an image processing program capable of
producing images of the temperature difference between the affected side
and the corresponding contralateral healthy side of the body, demonstrating
its diagnostic value in a clinical setting. Maurice Bales (USA) presents
several clinical examples of soft tissue injury and breast cancer detection
where the use of appropriate image processing algorithms substantially
enhanced the diagnostic acumen of infrared imaging. Timothy White, et al,
(USA) discusses the latest technology of uncooled, low cost infrared imaging,
which is of special interest to the medical users..Finally, Brian

Harrison, et al, (Japan) reviews the status of medical infrared imaging in
Japan.

2.10. Technology Transfer: The following are the new initiatives in
technology transfer attributed to this effort:

(1) Quantification of Mustard Injury to Skin Using IR Imaging: This is
a new initiative study that has been initiated at Walter Reed Army Institute
of Research and will investigate the mustard gas effects on skin and will
quantify antidote optimization (principal investigator: Dr. K. Zamani).

(2) High Performance Medical Infrared System: An innovative research
project initiated in 1995 for the design, development, and demonstration of a
medical IR camera using state-of-the-art military IR technology. The sponsor
of this work is the CECOM/NVESD, (principal investigator: M. Grenn).

(3) Hyperspectral Infrared Imaging in Medicine: This work is ongoing at

the National Institutes of Health (principal investigator: Dr. N. Lewis). The
purpose is to use hyperspectral imaging for identification of chemical species
in the tissue, (e.g. Brain, breast, etc.). Advanced focal plane arrays were

donated to NIH by DARPA (R. Balcerak) for this project.

(4) Investigation of Diabetes Mellitus Using Infrared Imaging: This
work is carried out at Southern Illinois University Medical School in
collaboration with Dorex, Inc. (Manufacturer of IR camera systems.) The
research program started March 1995 and is projected to continue from two to
three years (principal investigator: Dr. R. Traycoff, M.D.).

(5) Identification of Chemicals inside Skin Using IR Imaging: This is a
second new initiative at Walter Reed Army Institute of Research, in
collaboration with the CECOM Night Vision & Electronic Sensors Directorate.
This will investigate the effects of chemical warfare agents or toxins on
human skin. Principal investigators: Dr. K. Zamani, WRAIR, and M. Grenn,
NVESD.
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(6) Studies of Brain Edema using NIR Imaging Spectroscopy: This work is
being investigated at Johns Hopkins University Medical School (Biomedical
Engineering Department). In support of this study, DARPA and NVESD/BMDO will
provide focal plane arrays to improve the performance of the existing systems.
Principal investigators are: Prof. N. Thakor and L. Johnson.

(7) IR Imaging for Detection of Perfusion in Trauma: This is a new
joint research program performed at Browman Gray School of Medicine.in
collaboration with North Carolina State University. Principal Investigators
are: Prof. W. Snyder and Dr. E. Schwartz, M.D. Preliminary imaging clinical
data have been obtained successfully.

(8) Testbed for Burn Trauma: Interest was generated at the U.S. Army
Institute of Surgical Research to use IR imaging in investigation and therapy
of burn injuries. Major Leopoldo C. Cancio, M.D., Fort Sam, Houston Texas, is
the principal investigator. He is collaborating with Dr. Zamani at Walter
Reed Army Institute of Research and Professor Wesley Snyder, North Carolina
State University. Both have research programs in similar areas using
infrared.

2.11 cConferences and Workshops: The following activities are attributed
to this project:

(1) Chairman and co-Organizer of the “Medical Infrared Imaging at the
Medical Dual-Use Technology Symposium”, IEEE/EMBS International Conference,
Baltimore, November 1994.

(2) Chairman and Organizer of IEEE/EMBS International Conference:
“Medical Infrared Imaging & Technology Transfer”, Montreal, Canada, September,
1995.

(3) Medical Infrared Imaging Workshop I, Montreal, Canada: The purpose
of this was to start a colloquium and exchange of ideas between international
and national scientists, academia, and industry, who were present at the
conference. It resulted in serious discussions and ideas of collaboration
between them. Even more importantly, it further exposed in a direct manner
the importance of developing the use of infrared in medicine.

{4) Organizer & Chairman of the “Advances in Digital Infrared Imaging
and Technology Transfer Track”, 18th Annual International Conference,
IEEE/Engineering in Medicine and Biology Society, Amsterdam, The Netherlands,
November 1996.

(5) Medical Infrared Imaging Workshop II, Amsterdam, The Netherlands:
{Organizer and Chairman) The purpose of this was to expand colloquium and
exchange of ideas between international and national scientists, academia, and
industry, who were present at the conference. It resulted in serious
discussions and ideas of collaboration between them. Even more importantly,
it further exposed in a direct manner the importance of developing the use of
infrared in medicine. Further, it triggered the development of a unique CD-
ROM medical IR imaging database. Principal investigator will be Professor

11



Colin Roberts, Department of Medical Engineering and Physics, King’s College
London, UK. This work was sponsored and funded by BMDO, and is in its final
stage of producing the CD-ROM with all the history.

(6) Chairman and Organizer of an IR Imaging Workshop: This workshop took
place at the Conference for Advanced Technology Applications to Combat
Casualty Care (ATACCC-95), Fort Walton Beach, FL, May 1997.

(7) 7th European Congress of Thermology: Invited to participate and
give a paper by Professor Raymond Clark, President European Society of
Thermology, held in Vienna, Austria, May 1997 (see trip report in Appendix
\\Bll ) .

(8) Organizer & Chairman of the “Infrared and Technology Transfer
Imaging Tracks”, 19th Annual International Conference, IEEE/Engineering in
Medicine and Biology Society, Chicago, November 1997.

{9) Organizer and Chair of Following Two Workshops: 1) Medical Infrared
Imaging Workshop III, and 2) IR Imaging in Breast Cancer, at the 19th Annual
International Conference, IEEE/Engineering in Medicine and Biology Society,
Chicago, November 1997. The purpose of this was to expand colloquium and
exchange of ideas between international and national scientists, academia, and
industry, who were present at the conference, and to discuss new findings and
results of previously formed collaborative initiatives, and to stimulate new
ones.

3. LIST OF PUBLICATIONS

3.1. Papers Published in Journals and Proceedings:

1. Diakides, N.A., Jenkins, D.P., “Medical Uses of Infrared Sensors”,
Proc.of the 1995 National Infrared Information Symposium, Laurel, MD,
July 1995

2. Diakides, N.A., Balcerak, R., “Recent Technological Advances in Infrared
Imaging”, Journal of the Japanese Society of Thermology, Vol. 16,

No.1,47-53, May 1996

3. Balcerak, R., Jenkins, D.P., Diakides, N.A,. “Uncooled Infrared Focal
Plane Arrays”, Proc. of 18th Annual International Conference of IEEE/
Engineering in Medicine and Biology Society, Amsterdam, Netherlands,

(Nov. 1996)
4. Diakides, N.A., “New Developments in Low-Cost IR Imaging Systems”
a A 1 : " ,

Vol.7, No. 4, Oct.1997 (see Appendix C).
5. Diakides, N.A., “Advances in Digital Infrared Imaging in Medicine”,

Proc. of the conference for Advanced Technology Applications to Combat
Casualty Care, Fort Walton Beach, FL, May 1997
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3.2. Other Related Papers:

The following are additional papers related to this effort, which were
solicited by the Principal Investigator for tracks organized and chaired by
him at the following conferences. (Supported by grants from ARO International
Programs, DARPA, BMDO, and NASA):

1. l16th Annual International Conference of IEEE/Engineering in Medicine and
Biology Society (EMBS), Baltimore,MD, November, 1994

2, 17th Annual International Conference of IEEE/EMBS , Montreal, Canada,
September, 1995

3. 18th Annual International Conference of IEEE/EMBS Conference in
Amsterdam, Netherlands, October, 1996.

4. 19th Annual International Conference of IEEE/EMBS, Chicago, IL,
November, 1997

Abstracts of all the “IR Imaging in Medicine” papers from the above
conferences are contained in Appendix D.

3.3. Presentations to High Level DOD Officials:

Briefed the Following Key People on Medical Infrared Imaging: 1) General
Zajtchuk, Commander, U.S. Army Medical Research and Materiel Command, Fort
Detrick, MD (Apr.8, 1997); 2) Dr. Anna Johnson-Winegar, Director,
Environmental and Life Sciences, DDR&E, Pentagon, (Aug.20,1997);

3) Dr. David Heberlein, Director, CECOM/NVEOL, Fort Belvoir, VA, (Aug.18,1997)
4) Dr. Stephen Morse, DARPA/DSO, Arlington, VA, (Nov.14, 1997); 5) Dr.Lance
Davis, Director, Laboratories & Technology Transfer, DDR&E, Pentagon
(Feb.5,1997). The briefing of these key people generated support of this
program at high levels.

4. LIST OF PARTICIPATING SCIENTIFIC PERSONNEL

Nicholas A. Diakides, Ph.D., Prinicpal Investigator.
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APPENCIX A

Commercial Activities in IR Imaging Medical Systems:
(1) GE Thermal Coronary Angiography System; (2) News
Release by Computerized Thermal Imaging (CTI), Inc.
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