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From October 1994 to June 1997, a multidisciplinary team of scientists and
engineers at Lawrence Livermore National Laboratory were funded through
LDRD to develop and integrate technologies for diagnosis and treatment of
acute stroke. The project was summarized in a Science and Technology
Review Article “Brain Attack” that appeared in June 1997 and again in the
Center for Healthcare Technologies Report (UCRL-LR-124761). This article is
the best overview of the project, epidemiology of stroke and technical
progress. Most of the technical progress has been documented in conference
papers and presentations and refereed journal articles (see references).
Additional technical publications can be expected as our remaining patent
applications progress through the US Patent & Trademark Office.

The purpose of this report is to provide an appropriate introduction and
organization to the numerous publications so that interested readers can
quickly find information. Because there is no documentation for the history
of this project, this report provides a summary. It also provides the final
status report for the LDRD funding.

BACKGROUND—HISTORICAL SU MMARY

In November 1993, an internal working group (the Health Care Working
Group), at LLNL reported to senior management that there were numerous
small healthcare technology projects at LLNL and that a more integrated and
larger role in this area was possible and appropriate for a National Laboratory.
This led to the creation of the Center for Healthcare Technologies (CHT), in
December 1993. The CHT had three goals

● Assist existing healthcare projects at LLNL to continue and succeed

. Promote new, larger (greater than $lM), multidis~iplinary projects.

. Develop plans for the role of the Federal government in the development
of cost-effective healthcare technologies.

With the existence of the CHT, several Directorates including Engineering,
Laser Programs, Chemistry & Material Sciences, Physics and Plant
Engineering, jointly proposed an LDRD Director’s Initiative in Technologies
for Minimally Invasive Medicine. Engineering Directorate under Roger
Werne sponsored the LDRD proposal with Allen Northrup (Engineering)
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and Dennis Matthews (Laser Programs) as co-Principal Investigators. The
project proposal was for development of several technologies including

. Diode lasers,

● Optical characterization of tissue,

. Plasma-mediated ablation of tissue,

. Microfabricated devices in silicon,

. Improved endoscopes for carpal tunnel release surgery,

. Magnetic resonance imaging compatible materials, and

. Fiber optic and micro electrochemical sensors.

At this time, the CHT was in discussions with the Department of Energy
(DOE), regarding a new program for minimally-invasive medical tools. The
DOE Technology Transfer Initiative program had a focused call for optical
technologies in minimally invasive medicine. It appeared that this area was
growing and would receive DOE support and funding.

The LDRD review committee recommended a stronger focus for the
project. The Director of the CHT, J. P. Fitch of the Biology and Biotechnology
Research Program Directorate, was asked to develop a focus and to become
the Principal Investigator for the project. The focus selected was the diagnosis
and treatment of stroke. Stroke is the leading cause of permanent disability
and the third leading killer in the US. It consumes about $40 billion each year
and, in 1994, was viewed as non-treatable by medical intervention. Several
parts of the original project were eliminated (diode laser development,
improved endoscopes for carpal tunnel release surgery and MRI-compatible
materials). The project was organized as an integrated team with the
engineering support led by Allen Northrup, lasers by Dennis Matthews,
numerical modeling by Rich London and sensors by Bob Glass.

A vision of the future for stroke treatment was developed through a
workshop hosted by the CHT and attending by leading neurologists,
neurosurgeons, cardiologists, radiologists and researchers from medical
centers around the country and from Los Alamos National Laboratory. This
vision was critical to setting technical priorities and focusing resources on
aspects of stroke care with the most leverage. Based on unanimous support
from the workshop attendees, it was decided that “clot busting” was the
highest priority stroke problem to solve. Several other topics were identified
as being amenable to technical solution including aneurysm treatment,
particle catchers, screening technologies, blood vessel sensors, brain tissue
sensors, and lower cost hemorrhage detection.

The underlying goal 01 the LDRD was to solve a significant medical
problem—stroke diagnosis and treatment. The application needed to be both
a significant medical and economic improvement. Medical device
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development begins as a concept and ends when an FDA-approved device is
reimbursed for use. This is a long and expensive process. Our original intent
was to use Federally-sponsored R&D to do reduction to practice and then to
license the devices to industry. Unfortunately, the DOE programs in this area
never materialized beyond the DOE/TTI projects. TMs left the LDRD project
with no obvious source of follow-on Federal funding. An alternate source of
R&D funding was needed to continue the project’s R&D and to seed the
transition to industry. We adopted a funds-in CRADA and licensing strategy
that enabled small companies to pursue commercialization of our concepts
and provided funding for LLNL to continue R&D that focused on assisting
the company. Through the numerous interactions the CHT had with the
medical device industry, the stroke project had the opportunity to fast track
several of its ideas into start-up medical device companies. In terms of
producing a device that helps patients the soonest, this is a very appealing
approach. However, it does not replenish the R&D that produced the
intellectual property which was the basis of the corporate
customer /partnerships. We have documented our business-related activities
in several reports and presentations under the reference heading business
and policy.

FINAL STATUS REPORT

The technical approach of the project has been described in the overview
documents. The components of the project are

“ Numerical Modeling. These references describe the improvements made
to LLNL’s laser-material interaction codes that produced accurate models
for laser-tissue simulations.

● Miniature Sensors. These references describe the fiber optic and
electrochemical sensors that were developed to allow real-time diagnosis
during neurological procedures. Some of these sensors are for direct
placement into brain tissue (in craniotomy applications, for instance), and
other sensors are for use in the blood vessels to assist in the diagnosis of
thrombo-emboli. A number of chemical signatures have been identified
that can be used for assessing local tissue viability (pH) and thrombus type
(fibrin degradation products or FDP). Experiments were conducted at
SUNY Buffalo where we demonstrated the physiological link between pH
and temperature measurements and stroke. Discussions continue with
industry regarding licensing several sensors developed in the stroke
project.

s Medical Photonics. These references describe the general research
capabilities developed as part of this initiative and the application to
stroke. A fiber optic system was developed for clot busting. This resulted in
a license and funds-in CRADA with EndoVasix, Corp. that is pursuing
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commercialization. The Medical Photonics Laboratory has also become
part of UC Davis’ DOE Center of Excellence for Laser Medicine.

G Micro Technologies. These references describe the role miniature silicon
and plastic devices have in the initiative. We developed several new
micro-electro-mechanical systems (MEMS) for cerebrovascular
applications. Three different designs for a “gripper” that releases
miniature embolic coils have been implemented. These devices directly
impact endovascular procedures for treating cerebral aneurysms. One
gripper design has been licensed to a medical device company that
collaborates with LLNL and is pursing commercialization.

After two and a half years of LDRD support, we accomplished our original
goal: we have positioned several LLNL developed medical device concepts to
become medical products that promise medical and economic breakthroughs.
Only the results of clinical trials will be able to conclusively tell if we
succeeded. But at this early stage, two of our devices are on schedule and
several more are positioned to be adopted by industry. The clot buster has
already been used in successful animal trials performed by our corporate
customer/partner and we look forward to more good news as time progresses.
Eventually, the clot buster alone might change the lives of over 300,000
Americans each year.
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