Integrated Strategic Program Plan for Telemedicine

Medical support in human space flight

Information systems 

Telecommunications for health care

NASA definition:  “integration of telecommunications technologies, information technologies, human-machine interface technologies, and medical care technologies for the purpose of enhancing health care in space flight.  

Example of benefits to NASA:  physiological and medical impact of space flight on astronauts.
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Develop and adapt technologies:

Sensor

Telecommunications

Information

Human-machine interface

Limiting factors:

Weight

Power

Volume

Time for operations/maintenance

Minimize resource requirements

Achieve routing space travel

Enrich life on Earth from space work

Health care delivery for space flight

Requirements for medical support to humans

Exploring &

Developing space?

Assess current and emerging technologies in 

Government

Academia

Industry

Apply/acquire 

Telemetry &

Monitoring technologies

“invest to adapt” context of evaluating:

commercially off-the-shelf, minor adaptations/major adaptations

those supporting human space flight

Prototype:

Systems &

Testbeds 

Partnering with 

Industry

Academia

Government

Partnerships help commercialization of products to 

Strengthen US telemedicine

Improve access to low cost/high quality care

“better, faster, cheaper” caused by cutting edge

telecommunications &

computer technologies

Health care in space=paradigm shift

Elimination of distance as a barrier

Integrate technologies into space flight systems

Environmental monitoring

Advanced life support

Health monitoring

Health care delivery

Establishment of process for rapid integration

Timely and appropriate information to personnel (inflight and ground)

Information in orbit

Easily adaptable and modifiable

Adaptability and interoperability in deployment

Apply new technologies to support crews during

Training

Space flight missions

Flight surgeon training in remote locations

Crew training in-flight

Enhance medical operations to optimize crew health and performance

Incorporation of 

Expert systems

Consultant panels

Decision support systems

Appropriate, cost-effective applications in 

Telemedicine

Integrated health care

Enhance global access

Testbeds include:

Computer networks

Advanced compression algorithms

Imaging

Noninvasive instrumentation

Testbeds and demonstrations of open systems

Easily mastered by nontechnical health care professionals

Multimedia medical records

Educate the public

Outreach activities

Educational programs 

Ready access via internet/Web

Appropriate media:

Press

Lay conferences

Cooperative activities with academia/commerce

Collaborate with international partners for training providers worldwide

Collaborations create:

Global access to health care/preventive medicine information

Disaster preparedness

Medical education

Collaborations with academia for 

Next generation of scientists

Needs support of 

Appropriate clinical interactions

Fellowships

Symposia

NASA support to other entities in crisis:

Acute/chronic medical disasters

Health care provider training

Medical operations in orbit

More important as mission duration increases.

Appropriate technologies:

Virtual environments

Telepresence

3-D/4-D imaging

Commercial development of cost-effective and open systems

Identify and transfer appropriate dual-use technologies

Strategic alliances with academic, industrial partners

Synergistic partnerships for:

Leading-edge technology access and infusion

Maximum resource leverage

Mission-critical technology development

Technology roadmap

Alignment of mutually beneficial research and development goals, resources, and strategies with flexible partnership processes draw best partners and success.

Partnership tools

Common-sector business practices

Transfer of technologies to commercial distribution

Twice used

Dual use

Cross-cultural education and training 

Language 

Culture

Medicine

Biomedical research

Spacecraft systems

NASA to convey knowledge/know how to Earth-based applications

“Terrestrial Markets”

Potential customers:

NIH

HSF

DOD

Medical community in general

***American public***

All together this program delivers technologies and systems that provide a comprehensive, adaptable, minimally invasive medical care delivery system for human space flight.

CSC/MITA

Medicine’s turning point

Commercial Space Center for Medical Informatics and Technology Applications

Spatial and temporally independent medicine

Care possible to 

Remoteness of space

Third-world nation

Major urban area

Virtual hospitals with

Telemedicine

Informatics

Virtual reality

Robotics

Erases cultural and political boundaries

Most demanding test environment: outer space

Commercialization of NASA programs

SpaceBridge to Russia:  medical support for astronauts and personnel in joint space-flight program with Russia

Maintain US competitive lead

Telecommunications 

Enhanced electromechanical interfaces

Most innovative and high-risk technologies

Integrated telemedicine center

Commercialization of successful applications

Pool of clinicians and scientists working on-line

Training:

Physicians

Scientists

Engineers

Seminars & symposia

Support industry & private sector investment

Set ongoing criteria

Develop Commercial objectives

Foster testbed development

Current program directions:

Information management

Telecommunications solutions

Remote monitoring applications

Unified collaborative thinking=positive outcomes

Need for extensive cross-disciplinary approaches to the new medicine

Industries benefiting:

Medical equipment manufacturers

Managed care companies

Telecommunications providers

Entertainment

Education

These can get:

“first look” at new options

first refusal

outsourcing of high-risk, high payoff research and development in multiple disciplines

complementarity and synergy vs. competition

real accomplishments with high market value

self-perpetuating programs

Immediate real-world applications

Regions:

Russia

China

Ukraine

Greece

Latin America

Egypt

All go to support S.T.E.P.S.:  

Sensors

Transmitters

Effectors

Process simulators

Projects in alpha or beta prototype:

Multimedia medical database 

3-D fusion of images and data

anatomic realism

physical biochemical/physiologic parameters

Dexterity enhancement and motion stabilization for surgery

Vital signs sensor/transmitter

Microsensors for non-invasive monitoring

“smart instruments”

Projects in Development:

Sensors

Biosensors:  wireless, non-invasive “body LAN” to transmit physiological data

Imagers

PSM-Personal Status Monitor

Integrated, wearable system of sensors, computer and communicators

Sensate Liner

“smart T-shirt” embedded with non-invasive fiber optic and piezoelectric microsensors for vital signs 

Microsensor-Transmitter  

Sensor, A/D converter, microprocessor, transmitter, and battery fit into ring to capture astronaut’s heart rate and body temp.  

3-D Tele-Ultrasound

Backpack-sized unit transmits medical images

Hand-Held Portable Ultrasound

Transmitters

Teleradiology with Digital X-Ray

Tele-Pathology

Hand-Held Portable X-ray

SpaceBridge to Russia

Effectors:  diagnosis and therapy devices

LSTAT

Life Support for Trauma and Transport:  self-contained mini-ICU

Telepresence Surgery

Remote surgery over telemedicine networks

Holographic Displays

Free space holograms + Phantom haptic=touchable images.  

Wearable Computing

Artificial Muscles

Process Simulators

Limb Trauma Virtual Reality Surgical Simulator

Virtual Endoscopy

Real-Time Volumetric Rendering of Human-Derived Data:

Improves segmentation, registration and data fusion giving 3-D images

Organ Trauma Simulator

Derivation of Physical Properties of Living Tissue

Deep Pixels for 3-D Database

Haptic Input Device

Virtual Emergency Room

Telemedicine SpaceBridge to Russia

A testbed between three US clinical hospitals and several medical centers in Moscow.  

Indy workstations on internet

Graphical User Interface on the WWW

Multicast backbone (MBONE) for video over the internet

Several Hundred clinical consultations will be conducted between US and Russia

GOALS

Develop NASA’s telemedicine system for space flight

Verify efficacy of multimedia workstations and internet for health care

Promote terrestrial health applications

*********************************************************************H

Hybrid Networks

Convergence of satellite and terrestrial communications technologies

Hybrid Networks:  complementary, seamless, interoperable terrestrial, satellite, and wireless networks

Mass-Market Access to the Global Information Infrastructure

Information for the masses, not an information elite

Gradually introduce advanced networks built on a migration strategy of mass-market consumer products

Key components for cost-effective deployment of the GII

Interoperability

Integration of satellite technology into traditional and developing terrestrial networks

Integration with terrestrial nodes

Existing analog plant of the public switched network

Private networks

ISDN

Cellular mobile

PCS

Internet

Direct Broadcast Satellite (DBS) services

A rapid and feasible development scenario for the NII/GII

Use existing base of vast entertainment network (cable, satellite, etc.)

Augment with information browsing, and interoperability using asymmetry patterns

Do network traffic engineering

KEY CONCEPTS

Hybrid networks

Asymmetric Links

Interoperability

Mass access

