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Executive Summary

A “Workshop on Future Research Directions” was conducted by the National Institute of
Biomedical Imaging and Bioengineering (NIBIB) on December 16-17, 2002, at the
Bethesda Hyatt Hotel in Bethesda, Maryland. This meeting represented a “NIBIB
Futures Workshop” and was aimed at obtaining scientific community input on where the
Institute can make a major impact on healthcare or biomedical research in the next five to
ten years. To meet this objective, participants were requested to answer two questions:

1. What are the highest priority research focus areas for the NIBIB to consider that are
appropriate for its mission and support national priorities, and

2. What are promising emerging technologies or high-impact projects that the NIBIB
can consider to address these focus areas?

A total of 50 people attended this workshop including 23 invited extramural participants
with expertise in a variety of areas associated with biomedical imaging and
bioengineering research, 11 senior NIH (non-NIBIB) bioengineering and imaging
program staff from other institutes and centers, 6 observers from other agencies and
societies, and ten NIBIB program and science administration staff. Workshop results for
NIBIB consideration were based on input from the extramural participants and senior
NIH program staff.

The following topics are the ten highest priority research focus areas where participants
believe that the NIBIB can have an impact on healthcare or biomedical research in the
next five to ten years:

1. New imaging modalities and instruments

2. Biosensors, devices, and probes

3. Optical technologies

4. Systems approaches, engineering, and integration
5. Cellular- and molecular-level imaging

6. Image-guided interventions

7. Prosthetics and artificial organs

8. Regenerative medicine

9. Computational biology and predictive models

10. Minimally-invasive technologies

The list is presented in order of relative investment determined from a resource allocation
exercise conducted during the workshop. High-impact projects and emerging



technologies associated with each of these areas were also identified during the
workshop. These items provide definition for each of the focus areas and specific topics
that can be addressed to realize the potential benefits. Related issues concerning multi-
disciplinary research, inter-agency and inter-institute collaboration, technology
translation, and the importance of information technology were also discussed.

Results were somewhat influenced by the areas of expertise included among the
extramural participants. Although all major biomedical research areas were represented,
many participants were associated with some aspect of imaging. Also, the list is based
on relative allocation levels and does not represent chronological priorities; i.e., the
workshop attendees did not recommend that higher priority areas be fully supported
before lower priority topics are funded. Despite these caveats, the topics encompass
current national biomedical research focus areas (nanotechnology, biomaterials, imaging,
sensors, and computer applications) and reflect the consensus of the ensemble of
extramural participants.

Participants recognized differences among the topics with regard to relative impact of
potential benefits for healthcare and biomedical research. While some topics can
possibly provide incremental advances, others have potential for transformational
benefits which can produce radical improvements. Although this was a consideration in
the allocation exercise, no attempt was made to prioritize the focus areas based solely on
level of impact.

Results of this workshop will be used as input in the evaluation and development of the
NIBIB’s future research programs. Current plans are to post this report on the Institute’s
Web site.

Workshop Summary and Results

Background

The National Institute of Biomedical Imaging and Bioengineering (NIBIB), the newest of
the research institutes at the NIH, was established by law on December 29, 2000. The
broad mission of the Institute is to improve health by supporting the development and
translation of technologies and methods that enable fundamental biological discoveries
and facilitate disease diagnosis, management, and prevention. This involves supporting
and conducting focused and multi-disciplinary research based on applying principles and
methods from the allied disciplines to address problems in biology and medicine. To be
optimally effective during the initial stages of development and to ensure that its
programs are relevant and appropriate for national priorities, the NIBIB seeks input from
the scientific community to consider in the formulation and evaluation of its research and
training programs. To obtain this input, a “NIBIB Workshop on Future Research
Directions” was held on December 16-17, 2002, at the Bethesda Hyatt Hotel in Bethesda,
Maryland.



Program and Objectives

This meeting represented a “NIBIB Futures Workshop” and was aimed at obtaining
scientific community input on where the NIBIB can make a major impact on healthcare
or biomedical research in the next five to ten years. To meet this objective, participants
were requested to answer two questions:

1. What are the highest priority research focus areas for the NIBIB to consider that
are appropriate for its mission and support national priorities, and

2. What are promising emerging technologies or high-impact projects that the NIBIB
can consider to address these focus areas?

The workshop program is included as Appendix A. An orientation dinner was conducted
on the evening of December 16 to provide information to the participants on the mission
and status of the NIBIB and the workshop objectives. On the morning of December 17,
the participants were divided into three groups (each with equal representation of
biomedical imaging, bioengineering, and NIH program expertise) to separately determine
the highest priority research focus areas appropriate for the NIBIB for the next five to ten
years. The groups then met in a plenary session to develop a consensus list of priority
research areas. After the priority areas were determined, the three groups met separately
during a working lunch to identify promising emerging technologies or high-impact
projects that the Institute could consider based on the priority research areas determined
during the morning session. Following these separate meetings, the groups met in a
plenary session in the afternoon to develop a consensus list of projects and technologies.
To prioritize the research focus areas, a “Director for Fifteen Minutes” (DFFM) event
was conducted during which the participants could allocate $100 M in $10 M increments
to the consensus focus areas developed during the morning session. Results were
tabulated, and a prioritized list of research focus areas was developed for the workshop.

Participants

A list of workshop participants is given in Appendix B. A total of fifty NIH and
extramural staff attended this workshop. The attendees consisted of 23 invited
extramural participants with expertise in a variety of areas associated with biomedical
imaging and bioengineering research, 11 senior NIH (non-NIBIB) bioengineering and
imaging program staff from other institutes and centers, 6 observers from other agencies
(National Science Foundation, National Institute of Science and Technology, and the
Department of Energy) and societies (Academy of Radiological Research and the
American Institute of Medical and Biological Engineering), and ten NIBIB program and
science administration staff. Workshop results for NIBIB consideration were based on
input from the extramural participants and senior NIH program staff.



Research Focus Areas, Emerging Technologies, and High-Impact Projects

The following list of ten high-priority research focus areas was developed during the
morning plenary session and is based on input from the three separate groups. These
topics represent areas where the participants believe that the NIBIB can have an impact
on healthcare or biomedical research in the next five to ten years. This list is not
presented in any priority order.

1. Biosensors, devices, and probes

2. Prosthetics and artificial organs

3. Regenerative medicine

4. Computational biology and predictive methods

5. Systems approaches, engineering, and integration
6. New imaging modalities and instruments
7. Optical technologies
8. Image-guided interventions
9. Cellular- and molecular-level imaging
10. Minimally-invasive technologies

During the afternoon breakout and plenary sessions, a list of high-impact projects or
emerging technologies associated with each of these ten research focus areas was
developed. This information provides definition to the above focus areas and specific
topics that can be addressed to realize the potential advances. The following text
summarizes the results of related discussion at the workshop.

1. Biosensors, devices, and probes — In general, the need to develop novel
biosensors and measurement systems was identified. Examples of novel
approaches include wireless, wearable sensors and new sensors based on
physiological response. The development of biochips that integrate nano-level
devices, biological systems, information technology, and cognition methods
should be considered. Materials issues such as biocompatibility and longevity are
also important for this topic.

2. Prosthetics and artificial organs — Among the most important projects to consider
are the development of bioinspired and biomimetic materials for artificial organs
and prosthetic devices, the development of “smart” artificial materials, and three-
dimensional scaffolds for tissue engineering and reparative medicine.

3. Regenerative medicine — In general, the field of tissue engineering is a “high
impact” area that needs to be considered. Stem cell engineering and the creation
of functional, three-dimensional, heterogeneous tissue constructs (e.g., CV and
MSK) are areas that need to be addressed in the next five to ten year time frame.

4. Computational biology and predictive models - This topic includes the
development of quantitative predictive models of complex biological function and
modeling and simulation from molecular to systemic levels. In addition to



simulating basic biological function, validated models can be used to extrapolate
from animal to human response and across spatial and temporal scales.

Systems approaches, engineering, and integration — The need to develop a culture
that uses engineering and systems (integrative) approaches to address biomedical
problems was emphasized throughout the workshop. One aspect of this topic is to
engineer and fully integrate components of systems for a wide range of imaging
and bioengineering applications. Possible activities to support this need include
developing (1) fundamental biological knowledge to provide bases for
computational models, (2) methods to synthesize and analyze data from different
disciplines, (3) techniques to integrate data and instruments across multiple
platforms and systems, and (4) methods to integrate across spatial and temporal
scales. Included with this topic is the development of standards and guidelines for
optimizing and facilitating integration among vendors and investigators.

New imaging modalities and instruments - With regard to new imaging
modalities, instruments, and probes, areas that need to be considered are the
development of (1) new detectors (e.g., fast, photon-counting, energy-
discriminating detectors for applications such as low-dose dynamic CT, PET, and
radiography), (2) new systems and instruments for high-field or open-magnet MR,
and (3) functional imaging systems for either single or multiple modalities. The
application of computer technologies to improve imaging methods was
highlighted as an area where support is needed. Included in this topic are the
development of principles and foundations for (1) construction and analysis of
images, (2) image data post-processing (i.e., segmentation), (3) quantitative
measurements such as tumor or lesion volume, and (4) computer-assisted
diagnosis.

Optical technologies - Optical technologies offer substantial promise to improve
biomedical research and healthcare in areas associated with cellular- and
molecular-level imaging, high-resolution in-vivo imaging (e.g., endoscopic and
external sensors), non-invasive diagnostics, and chemical specificity
(spectroscopy). Associated with this topic is the need for collaboration with the
chemistry community to develop targeted agents and probes for specific
applications.

Image-guided interventions - This item involves developing more accurate and
less invasive interventions based on imaging technologies. For therapy guidance,
the development of integrated anatomic and functional imaging systems could
provide significant advances in non-invasive techniques. One example of this
item is the use of MRI for guidance and functional imaging for percutaneous
therapy of liver cancer including both ablative and regional techniques.
Application of focused ultrasound as a therapeutic tool also offers significant
promise.



9. Cellular- and molecular-level imaging — Substantial improvements in the
quantification of physiology and metabolism could result from imaging molecular
and genetic events in-vivo. Areas that need to be addressed include spatial and
temporal scalability, fusion of data from multiple platforms, multi-organ and
multi-disease integrated approaches (e.g., signal transduction cascades), and
molecular target credentialing (comprehensive validation and modeling). To
support applications at diagnostic levels, efforts to map the “imageable”
proteosomes in mouse models of major human diseases should be pursued.

10. Minimally-invasive technologies — This item encompasses methods to conduct
diagnoses and therapies based on novel technologies from the physical,
engineering, and computational sciences. Areas that show promise for related
improvements include robotics, micro- and nano-electrical and mechanical
systems, and closed-loop control. Examples of areas where closed-loop control
could be useful include glucose in diabetics and blood pressure in hypertensives.

Prioritized Research Focus Areas

A DFFM (Director for Fifteen Minutes) exercise was conducted in which the participants
were provided the list of ten high priority research areas developed during the morning
session and asked to allocated a total of $100 M in $10 M increments to areas that they
considered be most important. The opportunity to “write-in” topic areas not included in
the consensus list was provided. The results of the DFFM exercise in priority order based
on total participant investment are given in the following list (total allocations in
parenthesis):

1. New imaging modalities and instruments ($325 M)

2. Biosensors, devices, and probes ($300 M)

3. Optical technologies ($285 M)

4. Systems approaches, engineering, and integration ($270 M)
5. Cellular- and molecular-level imaging ($260 M)

6. Image-guided interventions ($260 M)

7. Prosthetics and artificial organs ($210 M)

8. Regenerative medicine ($190 M)

9. Computational blology and predictive models ($160 M)

10. Minimally-invasive technologies ($150 M)

Several caveats should be considered when interpreting this information. First, not all
participants voted and some did not allocate their total $100 M allotment. Second, the
priorities were somewhat influenced by the areas of expertise included among the
extramural participants. Although all major biomedical research areas were represented,
many of the attendees were associated with some aspect of imaging. Third, the above list
is based on relative budget allocations and not chronological considerations; i.e., the
workshop participants did not recommend that higher priority areas be fully supported
before lower priority areas are funded. Despite these caveats, this list encompasses
current national biomedical research focus areas (imaging, biomaterials, sensors,



nanotechnology, and computer applications) and reflects the consensus of the ensemble
of voting participants.

The extramural attendees also recognized differences among the focus areas in the
relative impacts of potential benefits for healthcare and biomedical research. While some
topics have potential for incremental advances, others have potential for transformational
advances that can provide radical improvements. No attempt was made to prioritize the
focus areas relative to level of impact.

Other Issues

In addition to the lists of research focus areas and associated high-impact projects that
were developed, several issues related to NIBIB research programs were also discussed.
Topics receiving the most discussion include:

1. Support of inter-disciplinary research is essential to realize the potential benefits
from biomedical research conducted in support of the mission of the NIBIB. The
BECON bioengineering research partnership (BRP) program and some of the
multi-organizational programs developed by the National Center for Research
Resources are appropriate models that effectively encourage and support this type
of research. The necessary inter-disciplinary projects will be facilitated if the
NIBIB can develop a culture that promotes integration, innovation, and a systems
approach to problem solving.

2. Both fundamental discovery and translation of technologies for biomedical
applications are necessary to provide the maximum impact from NIBIB research
programs. Integrating Institute efforts with other organizations inside (other
institutes/centers) and outside (other federal agencies) the NIH can result in more
effective and efficient programs.

3. While development and translation of technologies are important, validation,
optimization, and assessment of these technologies must also be considered.
These activities will ensure appropriate and cost-effective application of new
technologies for research and clinical use.

4. The importance of information technology and computer applications in many of
the future research focus areas was emphasized throughout the workshop. In
addition to computer-assisted diagnosis, surgery, and interventions, computer
technologies for analysis and display of imaging and medical information, data
fusion, and enhancement of training programs through application of virtual
reality techniques were identified as areas which should be considered.

5. The need for understanding and modeling the fundamental bases of disease and
biological processes was emphasized several times during the workshop. In
addition, the needs for appropriate and validated animal models and methods to
extrapolate from animal to human response were also discussed.



Summary

A group of extramural participants with a broad scope of expertise in biomedical imaging
and bioengineering identified ten consensus research focus areas that encompass current
national biomedical priorities. These topics represent research areas appropriate for the
mission of the NIBIB that can provide significant benefits to healthcare and biomedical
research in the near-term. In addition, high-impact projects and emerging technologies
were identified for each of the focus areas. These provide definition for the topics and
specific issues that can be addressed to realize the potential benefits. This information
will be considered by NIBIB program staff in the development and evaluation of the
Institute’s research programs. Current plans are to post this report on the Institute’s Web
site.
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APPENDIX A

NIBIB WORKSHOP ON FUTURE RESEARCH DIRECTIONS

AGENDA FOR DECEMBER 17, 2002

7:30 AM — Continental Breakfast — Crystal Ballroom Foyer

8:00 AM — Welcome and Charge — Baccarat Suite
Dr. Ruth Kirschstein (NIH/OD)
Dr. Roderic Pettigrew (NIH/NIBIB)
Dr. Richard Swaja (NIH/NIBIB)

8:30 AM — Breakout Sessions — NIBIB Research Focus Areas
Group 1 — LaLique Suite
Group 2 — Haverford Suite
Group 3 — Cartier/Tiffany Salons
10:00 AM — Break — Crystal Ballroom Foyer
10:30 AM — Plenary Session — Baccarat Suite
11:30 AM — Lunch — Crystal Ballroom Foyer
12:00 PM — Breakout Sessions — High-Impact Projects/Emerging Technologies
Group 4 — LaLique Suite
Group 5 — Haverford Suite
Group 6 — Cartier/Tiffany Suites
1:15 PM — Break — Crystal Ballroom Foyer
1:45 PM - Plenary Session — Baccarat Suite

3:00 PM — Adjourn
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