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CV Rupert Gerzer

Prof. Dr. med. Rupert Gerzer

Head, Institute of Aerospace Medicine
German Aerospace Center

D-51147 Cologne
rupert.gerzer@dlr.de

www.dlr.de/me

Rupert Gerzer is Head of the Institute of Aerospace Medicine at the German Aerospace Center
in Cologne since 1992 and Professor and Chairman of the Institute of Aerospace Medicine at
Aachen University since 1993.

He is a medical doctor with training in molecular and clinical medicine (University of Heidelberg,
1977-1980; Vanderbilt University, Nashville, TN, 1981-1983 and University of Munich,
1984-1992). He has authored and coauthored over 200 publications and participated as a
scientist and in his present function in many space missions. In 2003, he received the life
science award of the International Academy of Astronautics.

He served as President of the German Society for Aerospace Medicine from 1999 to 2001, is a
Trustee of the International Academy of Astronautics since 2000, head of the German
Association for Travel Medicine since 2006, serves in the Editorial Boards of “Acta
Astronautica” and “Flugmedizin Tropenmedizin Reisemedizin” and is, since August 2007, head
of the University Council of the Bonn-Rhein-Sieg University of Applied Sciences.



The next 20 Years: Challenges for Space Medicine
Rupert Gerzer
DLR Institute of Aerospace Medicine, Linder Hoehe,
51147 Cologne, Germany;
rupert.gerzer@dir.de

The next decades bring many new challenges for human exploration of space including
preparations for flights to Moon and Mars and the emerging field of private human
spaceflight.

In the rapidly developing field of suborbital space tourism, aerospace medicine will be an
important partner both for industry and passengers to define the proper criteria for fitness
to fly and to assist the passengers so they have enjoyable flights.

For long term spaceflight including flights to space stations and planetary and Moon
missions, novel countermeasures need to be developed. As current countermeasures
including treadmill, ergometry, resistive exercise devices and other methods take very long
time periods (over 2 hours per day) and much motivation, while they are still not fully
effective in preventing cardiovascular deconditioning and muscle and bone degradation,
novel countermeasure regimes need to be developed. One such method might be short
arm centrifugation in combination with additional countermeasures. Other methods could
involve novel forms of lower body negative pressure suits again in combination with
additional training forms.

All these new developments should be done in a concerted manner and involve an
international strategy. Currently, DLR jointly with NASA, the Russian Space Agency and
ESA is setting up such a joint strategy. It would be excellent, if other agencies, such as
JAXA, would also join this consortium.

A huge challenge that is needed for space medicine, but will have wide application in
medicine on earth, is the need to have a system available that can give intelligent advice to
astronauts whenever they need it. This system is especially important under situations
where advice from earth is not directly available such as during flights to Mars when
communication lags are enormous. Such a “digital friend” system will model individual
reaction patterns and be a tool that predicts individual reactions and thus optimizes
individual training profiles. Currently, DLR is initiating such a program for the prediction of
cardiovascular changes during short arm centrifugation. Optimally, such a program should
also be a huge international initiative where every partner contributes his expertise.

Such a program could also become a global initiative that would not only help to take care
of Astronauts, but would at the same time optimize care for patients on earth. Thus, space
medicine would contribute to terrestrial medicine by resolving an enormous problem in a
global approach and thus set an example of global collaboration for progress both on earth
and for the aim of humans to extend their limits of action by exploring space.
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Japan Aerospace Exploration Agency (JAXA) has a plan to install a High
Definition Television (HDTV) system which will be applied to the crew’s
healthcare as tel3medicine in Japanese Experiment Module (JEM). Prior to the
start of JEM operation, JAXA made a contract for experiments of filling on board
using a HDTV camera with Russian Space Agency (RSA). The purpose of this
feasibility study was to see how we use the HDTV system in space and what
kind of medical information we can obtain through HDTV images.

Four Russian cosmonauts were assigned to two subjects and two cameramen
during the expeditions of #3 and #5 in International Space Station (ISS). They
stayed in space for four and six months respectively. Each filming was
instructed by a scenario written on the onboard document, and the filmed body
portions were frontal face, lateral face, eyes, mouth, teeth, tongue, pharynx,
hand and arm. The recorded tapes were delivered to Japan and HDTV images
were evaluated by physicians on a Cathode Ray Tube (CRT) monitor.

Regarding the quality of HDTV images, 92.7% of images in the expedition #3
and 97.7% images in the expedition #5 were evaluated well in positioning of
target. More than 95% of images in both expeditions were usable in the
evaluation about brightness, including slight dark images. In the evaluation
about focus, 79.9% of images in the expedition #3 and 95.8% of images in the
expedition #5 were good. In the medical evaluation, 82.4% of images in the
expedition #3 and 89.4% in the expedition #5 were judged usable to make a
diagnosis. The reason why 3.3% of images were judged unusable for diagnosis
was that they were out of focus or with insufficient brightness.

Therefore, the HDTV images can be one of the very useful tools in the crew’s
healthcare, if these technical problems are solved by enough crew training or

supports from the medical staff on the ground..

Key words: Astronaut, Health care, Telemedicine, HDTV, ISS
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International Space Station (ISS) era, Japanese Astronauts will experience
prolonged stays in space, during which a psychological health care system will
be required to maintain them in a psychologically healthy condition.

Currently, the only way to monitor their psychological status directly is through
what we call 2Private Psychological Conferences (PPCs)° via an audio visual
channel. However, it is still difficult to share PPC results with the other
non-professionals in subjective figures. The Japan Aerospace Exploration
Agency (JAXA) has therefore been trying to develop a new psychological health
care method called the applied clinical semi-structured interview. A pilot study
was conducted in a long-term isolation and confinement experiments
(SFINCSS-99) project. Two subjects who were confined and isolated inside the
Russian ground simulator module for 110 days were given periodic clinical
interviews. The result of this study indicated the relation between non-verbal
information and subjects’ status.

In this study, a Russian cosmonaut who had lived aboard the ISS for more than
four month was used as the subject who received periodic semi-structured
interviews. Recorded responses were later independently investigated by
specialists. The indices for psychological status were 1) response times to the
qguestion to estimate his ability of recognition and 2) posture and body or facial
movements to estimate his motivation and tension. These indices (except
response time) were classified into five steps based on the amount of movement
or expression, and the subject’s tension and motivation were evaluated by using
and comparing these indices with special events, such as extra-vehicle
activities (EVAs) and dockings. The result indicated that the adaptation process
of the subject cosmonaut could be divided into five phases based on the extent
of tension and motivation. We again obtained positive result from this study.
However, still further studies are required due to the small number of subjects
and the methodological limitation. JAXA will continue to conduct further
research and will report the results of another experiment using an ISS
prolonged flight cosmonaut for the subject.

Key words: Psychological adaptation, the International Space Station, Astronaut
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On Earth, the otolith organ responds to linear acceleration and gravity and plays
an important role in adjusting the posture or eye movements for tilting the head
or translation. In microgravity, static tilt will no longer cause a change in the
otolith organ, which subsequently impairs spatial behavior with characteristic
deficits in posture and locomotion. However, linear acceleration continues to be
transduced. As a result, the central nervous system must adapt to the absence
of certain signals and reinterpret others. In contrast, a unilateral vestibular
lesion causes deficits in posture and eye movements. The subsequent recovery
with time is usually termed vestibular compensation. We are interested in the
relationship between space adaptation and vestibular compensation. In this
study, we investigated the vestibular compensation of eye movements after
unilateral lesion of utriculus in goldfish. Torsional eye movements evoked by
body tilting were analyzed for three months after unilateral removal of the otolith
organ. We videorecorded eye movements with CCD cameras attached to both
sides of a fish tank. The torsional eye rotation angles of the right and left eyes
were calculated from the images digitized by a computer.

Normal fish exhibited larger torsional eye movements for head-down tilting than
for head-up tilting. No spontaneous nystagmus was observed in the goldfish
following recovery from hemilabyrinthectomy surgery (a period of 30 minutes).
Unilateral removal of the otolith resulted in a decrease in response amplitude of
both eyes to approximately 50% of normal. However, the specific response
characteristic of torsional eye movement for head-down tilting being larger than
that for head-up tilting was maintained during compensation. This result
suggested that the utricular organ had more sensitivity for head-down than for
head-up. Although the response amplitude increased to approximately 70% of
normal after two weeks, it did not recover its normal value after three months of
compensation. The vestibular compensation was divided into two processes:
the early (fast) and later (slow) recoveries. This suggested that the vestibular
compensation of torsional eye moveemtns was attributed to increased neural
activity and to plasticity in the central nervous system.

Key words: goldfish, vestibular, compensation, otolith, torsional eye movements
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Introductory remark

Tadaaki Mano
Gifu University of Medical Science, Seki, Gifu 501-3892, Japan
E-mail: mano@u-gifu-ms.ac.jp; tadaaki.mano@nifty.com

Since the first manned spaceflight achieved in April 12, 1961 by Yuri Gagarin in
Vostok 1, more than 46 years have passed. During this period many human beings
went to space and experienced gravity free condition. At the same time a lot of
problems which threaten health conditions have become clear when humans are
exposed to space. These include sensory-motor, cardiopulmonary, skeletomuscular,
blood-immune and nutritional problems such as space motion sickness, cardiovascular
deconditioning, muscle atrophy, bone mineral loss, anemia and so on. An exposure to
high level of radiation and psycho-social conflicts among spacecraft crews who live in a
confined environment with different culture and languages also pose important
problems. One of the purposes of space medicine is to elucidate mechanisms
underlying these problems and to establish effective countermeasures against troubles
interfering with human health conditions during and after exposure to space
environment. Space medicine may be also beneficial for ground-based health care
problems such as encountered in the elderly population. In the present introductory
remark, some fundamental aspects of space medicine will be briefly mentioned.



Human Space Flight Experience

Chiaki Mukai, MD, Ph.D.
Astronaut,
Manager and Senior Researcher, Space Biomedical Research Office
Human Space Technology and astronauts Department
Japan Aerospace Exploration Agency (JAXA)

Because of the tremendous advances we have made in science and technology,
space has become an extension of our otherwise earth-bound living and working
environment. Unique characteristics of the space environment include microgravity,
high vacuum, abundant solar energy, a vast orbital field of view, cosmic radiation, and
so on. The space environment can be utilized for research areas in such fields as life
science, biotechnology, space science, earth observation, microgravity science, and
space technology. For example, the microgravity environment of space provides us
with a laboratory where there is no sedimentation and no buoyancy, no thermal and
density-driven convection, no container required for holding fluids, and no hydrostatic
pressure gradient. Active use of the microgravity space environment for materials
science, fluid physics, and other related research areas is, therefore, quite promising.

However, the same physically unique characteristics of the microgravity environment
that make space a remarkable laboratory for research and development also pose
special challenges for the human body now exposed to conditions like cosmic radiation
and a gravity-free environment. Space flight induces such physiological effects as
balance disorders, cardiovascular deconditioning, decrease of bone mineralization,
muscle disuse atrophy, reduction of immune response, and more. Many of these
physiological changes are the result of adaptation to microgravity and the subsequent
re-adaptation to earth’s 1-g environment.

Discussed will be some of the past and current understandings gained from our human
space-flight experience and the potential benefits to be gained from further research
and exploration.



The role of Germany in the development of Space Medicine:

Collaborations with Russia and the USA
Rupert Gerzer
DLR Institute of Aerospace Medicine
Linder Hoehe, 51147 Cologne, Germany
rupert.gerzer@dlr.de

Germany owns no human spacecraft and operates no own astronaut program, but has turned
over this task to ESA. However, as Germany contributes 40% to the ESA human space
programme, as the European Astronaut Training Centre is located in Cologne, Germany and as
the European Space Operations Centre is situated near Munich in Germany, Germany is
playing a major role in the European human space program.

Currently, the German Aerospace Center DLR invests much effort into trying to convince
politicians that Germany and/or ESA should develop an own human space transportation
system during the upcoming years.

Both in operational and in scientific space medicine, Germany has intensive collaborations
both with Russia and the USA, respectively. The DLR flight clinic is responsible for the
medicine of ESA astronauts. Since many years, both NASA and the Russian partners accept
our decisions about fitness to fly on the respective spacecraft.

Germany has collaborated with the USA in space medicine already during Apollo Missions,
when German experimenters did, e.g., radiation dosimetry (Prof. Biicker) and vestibular (Prof.
Baumgarten) experiments. In the meantime, intensive collaboration especially during Spacelab
missions (D1, D2, SLS1, SLS2, Neurolab) have resulted in many important results and ongoing
collaborations.

Similar experience has been made between Germany and Russia. In addition to direct
collaborations since decades, several joint missions (MIR"92, EuroMIR"94, EuroMIR"97) and
flights of ESA Astronauts to the ISS have strongly intensified collaborations. As the former
German Democratic Republic had been an important partner for the former Soviet system,
several special intensive collaborations have continued up to today after the political systems
changed in Russia and in Germany.

In addition, both countries have a long history of direct collaborations in simulation studies
such as in isolation or in dry head-out water immersion studies carried out in Russia.

Based on the excellent contacts to both the US American and the Russian system, a special
contract was signed between DLR and these partners in 2003 for direct trilateral collaboration
in the development of short arm centrifugation as a new countermeasure. This contract is
currently being extended to also include ESA and to generally develop novel countermeasures.
It will be in the interest of DLR to extend this contract even further also to include other space
agencies.

Currently, in Germany the basis to further intensify international collaboration is extended
through the construction of a large novel research facility termed :envihab at DLR in Cologne.
This facility will especially focus on the development of novel countermeasures for long term
spaceflight and flights to and habitation on Moon and Mars on the one side and on terrestrial
applications on the other.

In summary, Germany, although at present not relying on an own human spacecraft, has been

very active in space medicine during the last decades and tries to be at lest as active also in
the future.
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HUMAN HEALTH AND PERFORMANCE
— A RISK MITIGATION APPROACH FOR MISSIONS TO THE MOON AND MARS
Davis, Jeffrey R.
NASA, Houston, TX

BACKGROUND and PURPOSE: During long duration exploration missions to the moon
and Mars, maintaining human health and performance will be essential to enabling
successful missions. Over the past two years, NASA has developed standards to
insure human health and performance during long duration space flight; these
standards are developed and managed by a technical authority at NASA, the Health
and Medical Authority. Standards drive the development of focused program
requirements to mitigate risk based on the specific mission. The program
requirements include vehicle design as well as health care systems that include
medical, environmental and countermeasures to physiological changes induced by
space flight. This risk mitigation approach has been influenced and shaped by reports
and recommendations from organizations such as the Institute of Medicine, the
Columbia Accident Investigation Board, and the Exploration Systems Architecture
Study.

METHODS and RESULTS: Human health standards are the first step in defining
acceptable risk for human space flight. The acceptable risk determination takes into
consideration both short-term health risk (mission) and long-term health risk (lifetime
health). These standards are based on the best available medical evidence from
terrestrial standards; analog space flight environments such as bed rest; and space
flight experience. Standards encompass human health (cardiovascular,
musculoskeletal), exposure limits (radiation, toxins), and human behavior,
performance and habitability factors.

The NASA Human Research Program has been aligned to focus on mitigating risk for
the human health standards during exploration missions. Research projects are
designed to enhance the evidence base by quantitatively describing risk, reducing the
uncertainty associated with a known risk, and evaluating and validating the
effectiveness of risk mitigation strategies. This acquired evidence base is reviewed
periodically.  Effective risk mitigation strategies then become mission specific
deliverables that provide health care, environmental safety and monitoring systems,
and countermeasures to the most deleterious physiological changes induced by
exposure to space flight.

NASA has developed a process to evaluate the effectiveness of risk mitigation
strategies termed the risk mitigation analysis tool (RMAT). The RMAT facilitates the
documentation and analysis of the effectiviess of a risk mitigation strategy for a



particular mission. The RMAT enables NASA to baseline a risk mitigation approach
based on the best available evidence, and to provide the traceability from research and
technology development projects to specific mission deliverables.

CONCLUSIONS: NASA has developed human space flight standards to determine
acceptable risk for exploration missions and to protect the long-term health of space
crew members. A rigorous process has been developed to apply the best terrestrial
and space flight evidence base to the development of health and performance
standards. These standards cover medical and environmental systems as well as
countermeasure systems to the most deleterious physiological changes from exposure
to space flight. An analytical tool has been developed (RMAT) to analyze and
baseline the most effective risk mitigation approach for a specific exploration mission.



JAXA’s Clinical Space Medicine Program

Hiroshi Ohshima, M.D., Ph.D.
Space Biomedical Research Office,
Human Space Technology and astronauts Department,
JAXA

The Japanese Experiment Module (JEM) "KIBO," the first Japanese manned
experiment facility, will be docked to the ISS in 2008. The first Japanese
astronaut was selected as an Expedition 18 crew member to stay several months
aboard the ISS.

JAXA's clinical space medicine program seeks to improve the health, fitness, and
well-being of Japanese astronauts. It plans to develop medical technologies and
procedures to mitigate and manage human adaptation risk, and to enhance
performance.

JAXA's current clinical space medicine projects, such as Bisphosphonate
study, JAXA crew passive dosimeter, onboard medical equipment, and
future perspectives will be presented.
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Modifications of immunological and neuroendocrine responses induced
by stimulated microgravity using head-down bed rest (HDBR) and
countermeasure with artificial gravity and exercise in humans.

Dominika Kanikowska' Maki Sato!, Satoshi Iwase®, Yuuki Shimizu®, Yoko
Inukai®, Naoki Nishimura®, Junichi Sugenoya®

1. Department of Physiology, Aichi Medical University School of Medicine

Head-down bed rest of -6é (HDBR) is used as a model for studying the
physiological changes during microgravity in spaceflight. The aim of the present
study was to investigate whether exposure to the 2stress® environment are
responsible for alterations in synthesis of some acute phase proteins and
cytokines. In this study 12 male volunteers were subjected for 20 days to a
HDBR of -6°. Plasma norepinephrine (NE), epinephrine (Epi), dopamine (DA),
vasopressin (AVP), leukocyte (WBC), interleukin 6 (IL-6), total serum protein
(TP), C-reactive protein (CRP) and -lantichimotrypsin (ACT) were determined
before and after HDBR of -6& Epi and NE concentrations increased significantly
and concentration of CRP decreased (ANOVA p<0.05).The results of this study
indicate that several neuroendocrine and immunological parameters are
modulated by a prolonged antigravity posture during HDBR of -6é
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