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Ladies and gentleman, I am 1ndeeéd§%easedumqéﬁr%ﬂaksﬂoppor% >\-
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-present-to-so-disbinguished a gathering e reviewof a somewhat different -

form of medlcal research the NASA program of in- flight medical investiga-
AP L e it A U E ) JNEAEY T (T FLl K& THIS s e

tlofij Space Medlclne, like other forms of env1ronmental medicine, differs

from clinical medicine in that it deals with normal man in an abnormal
environment. On the other hand, it shares with clinical medicine an sbiding
interest in the distinction between normal and abnormal human responses, the
study of both, and the prevention and correction of undesirable physical ér
mental changes. It also shares with clinical medical research a commitment
to the application of the principles of scientific objectivity in the separa-
tion of truth from superstition. T would like to begin this discussion by
reviewing some of the important general concepts which form the framework of
the program, then discuss the specifics of the Gemini experiments program,
and finally describe our present thinking with respect to medical investiga-
tién in the Apollo preogram and beyond.

The fundamental issue wéigEZEEEE:ﬁé_aremcanﬁranieé in launching man

into space is the ability of man and machine to support prolonged manned

—
i

space flight missions. The method elected by NASA Manned Space Flight to



resolve this issue is what is known as the incremental approach, the extension

of our menned space flight experience in step wise fashion to progressively
THE W

longer duretion and more complex missions. 4M.edical informationﬁobtainsg from

flight crews during these missions can be thought of as consisting of two

types. g
The first provides real time information concerning the welfare and 'if?#“

AFER o P IR Ly Baloug
safety of the crew, and is, therefore, known as medical safety monitoring.

Medical safety parameters consist of the ECG, respiration, temperature and
blood pressure (and one should also add voice commnication since this is
recognized as an extremely important medical monitoring device). This type

of information serves as the basis for Immediate t operational

decisions on the part of ground based medical monitors, such as go - no go
and flight abort decisions, and also therapeutic instructions which might
have to be given the flight crew.

The second type of medical information is more fundamental in nature.
Although it may be of less, or even little importance to the successful
completion of the particular mission from which it is gathered, it is
essential to the planning of subsequent missions and future space programs.
It ig to the second area that the medical experiments program is primarily
addressed. It emphasizes the health, welfare, and safety of the astronauts
on future missions. Its goal is to gain maximum insight into man's physio-
logical and functional integrity as effected by prolonged existence in the
space environment, and to determine how best his mission in space can be
extended. Consistent with the incremental appreach, it is incumbent upon
the medical experiments program to take maximum advantage of each progressive

mission to spot potential problem areas, establish quantitative trends, and



be prepared with effective preventive measures.

The investigation of man's responses to space flight has four key

objectives. These are to determine the human effects of space flight and

the time course of these effects, the mechanisms by which these effects

are manifested; means of predicting the onset and severity of these effects;

and the most effective and practical means by which potentially untoward |
COrUE

effects can be prevented ﬁﬁﬁﬁor corrected. These four objectives Ffatt under

the general category of &k f information to support man on pro-

gressively longer duration space flights. As our flight program procedes,

[1oRE j riid &
however, we will bgdable to accommeodate a second major category of objectives--
that of contributing information significant to scientific disciplines con-
cerned with studies of human function.

Perhaps unique to any experiments which are to be accomplished in an ‘f ;}%
operational setting is the requirement that it be feasible to accomplish i
them within the constraints of that operational setting, as well as the
standard requirement that they have sufficient scientific merit. Proposed
in-flight medical experiments are, therefore, first screened for scientifie
merit, i.e. from the standpoint of relative importance to our goals, validity
and reliability of experimental design, etc.; and then evaluated from the
point of view of technical and operational feasibility, i.e. the ability

of spacecraft, flight crew, ground crew, and mission Lo accommodate them.

Mission constraints, upon which feasibility determinatbions are based,
i THie @

in géneral, arrange themselves into ®wo-categories: engineering constraints,
0k
anﬁ'operational constraints. Among the more important of these are such

technical or engineering factors as volume, weight, power, and telemetering



or tape recording requirements; and such operational factors as ease of
accomplishment by the flight crew, training requirements, flight crew time
requirements, non-interference with other major mission objectives, and
ground crew support requirements.

Of all of these, one of the most difficult is the very long lead time
required for any experiment to be incorporated into a projected flight.
Except in unusual instances, the deadline for acceptance of an experiment
for a particular flight must precede that flight by approximately two years.
This important consideration has made it necessary for us to prognosticate
problems as weli as solutions as realistically as possible far in advance
of each flight,

Concerning the medical content of this program, this subject is perhaps /

most clearly outlined by calling upon a technigue which we used successfully

in one of our studies. The technique consists of first defining the gamut

of envirommental factors or stresses to which asfronauts are exposed; then

examining the potential effects of each of these stresses on each of the

body functions and systems. By exemining the interfaces between the two,

areas of potential difficulty, the degree of likelihood of their appearanceg

and HESFr severity as a function of duration of flighg,can be identified and

evaluated with relative simplicity and clarity. / =
Upon carefully reviewing a rather comprehensive list of potential s

stresses, one must conclude that virtually the only stress factor of spacé

flight which cannot be duplicated in an earth environment is prolonged

weightlessness. Conseguently, the major stress effect problems which warrant



in-flight medical experiments are weightlessness, itself, and combinatlions
of it with other factors. It may be observed that even with respect to
such little known conditions as ionizing radiation, magnetic field altera-
tions, and the micrometeoroid hazard, once the environment is defined, these
questions, complex as they may be, for the most part can be rather thoroughly
studied on the ground. Upon reviewing a similar list of combined stresses

F MEREIST I e
which may be considered te—heve—uniquely troublesome effects, all of these,
at least during the course of ocur studies, have contained weightlessness as
one of the factors in question.

Reviewing now the groups of body functions, it is perhaps safe to say
that of the possible effects of prolonged weightlessness on man, those most
seriously anticipated are cardiovascular deterioration, bone demineralization,
miscular atrophy, and dehydration. With the exception of dehydration, all of
these are disuse phenomena which have been observed repeatedly during bedrest
and water immersion studies, as well as during many years of clinical obser-
vation. With respect to disuse phenomena, the congensus of current thinking
is that overt manifestations, if they develop at all, would be most likely
to occur during the multiple G stress of reentry or the sustained one G stress
BRCpw on ZACTH

_of terrestrial existence—resumed upon landing, rather then during the period
of exposure to weightlessness. The phenomenon of dehydration has been observed
in all manned space flights to dabte. Whereas in Mercury it might have been
due in large measure to inadequacies of environmental control, the same has

not been true of the Gemini series. Temperature and humidity control in the

Gemini spacecraft has been excellent. Yet, dehydration continues to be

et



demonstrated. This lends support to the concept that loss of body water is
probably initiated by the redistribution of body fluids in the weightless
state, and mediated, at least in part, by the Gauer and Henry reflex. To
Vo THE B5ugreraf. T THoSE Lgo Lty OTT 08 PR iiaNe =P =—T s Hoversl
briefly explain this ratlonaleﬁrln wglghtlessness, bloed is no longer drawn
to the lower extremities by gravity. This allows a greater proportion of
the total blood volume to circulate within the thorax. Stretch receptors
in the auricles are then stimulated, which initiate a reflex mediated by
the vaguézféggult;agrin a decreased output of ADH by the posterior pituitary.
Urinary output is thereby increased and total blood volume reduced with a
resultent compensatory reduction of thoracic blood volume. As you will see,
however, the Gauer and Henry reflex alone does not completely explain the
Gemini findings with respect to water balance.

Although the four effects mentioned have received the grestest emphasis,
other possible effects cannot be excluded from consideration, despite the
fact that there have been no overt manifestations of them in any of our
flights through Gemini 8, our most recent one. Among these are respiratory,
vestibular, metabolic, and perastaltic effects, possible effects upon ciliary
action with particular reference to the respiratory tract, effects upon alert-

ness, and, of comprehensive importance, effects upon total performance. AIl

of these warrant attention and study. o
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The evaluation of flight experimental data is contingent not only upon
the accuracy of the in-flight data, itself, but also upon the validity and
adequacy of the control or baseline data, with which it must be compared.

Por most in-flight medical experiments, the flight crew serve as their own



controls, and baseline data then consists of astronaut information obtained
during the process of medical selection, during centrifuge runs, pressure
chamber runs, simulation and trainer activity, numerous physical examina-
tions, and special pre-flight control studies for specific in-flight medical
experiments.

An active program of ground based medical experiments involving non-
astronaut subjects serves as an important source of additional baseline
data. These experiments are designed to parallel some aspect or aspects of
space flight in order to study thelr effects, or to distinguish specific
factors as causative of effects which might have been cobserved during space
flight. Some of these are bed rest studies in which abseolute bed rest is
used as a simulator of weightlessness. (At bed rest, the cardiovascular
system is not required to support the weight of the column of blood, nor
the musculoskeletal system the weight of the body in the long axis.) Bed
rest studies provide a great variety of data concerning many of the body
functions and systems. These studies also enable us to calibrate certain

testing procedures and preventive techniques prior to their use during an
CEe e e ; B D IS Aot
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PrlAGotcc HMICCRAFE Feichie,
A rather unusual, but very pertinent direction of study is the medical

monitoring of individuals under stress during sports events, such as skydiving,
T TEAEPEe T Barog i,

gports car racing, hockey, and even bull fighting. {These studies have shown,

among other things, that heart rates of normal individuals can rise beyond

levels previously considered by many clinicians to be the top limit of normal

without i1l effeet. These studies have also shown that tilt table responses

in normal subjects can be as altered after a 12 hour sports car race as after

a space flight, a fact which clearly demonstrates the importance of this type



of information to maintaining perspective in interpreting space flight
findings. \
=)

Turning now to the Gemini program, medical safety monitoring consists,; J -

of the same four measurements which were recorded during Project Mercury,

i.e. temperature, blood pressure, ECG, and respiration. The equipment,

however, has been somewhat modified. Gemini bloinstrumentation incorporates

the use of miniaturized signal conditioners inserted into the circuit, and

worn inside the pressure suit. These have been shown to result in an impfoved

signal and a greater degree of accuracy and reproducibility of the records

obtained. Shown here are the breadboards and final products of several sig-

pl
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nal conditioners. They are, in effeet, small amplifiers placed close to the

source of the signal. This illustration is a close-up view of a typical
i
signal conditicner.
5 .-‘/:
The Gemini biomedical tape recorder is capable of recording seven /f/ /:}
[ f - o

channels of information for a total of 100 hours. It is very lightweight ané‘”’x
compact, measuring approximately 3 x 5 x 8 inches. It is used to record both
medical experimental data and medical safety information.

The Geminl program consists of a series of 12 flights, the first two _f; t
of which were unmenned. Among its primery aims are to provide training in @ 7
orbital rendezvous and docking, and experience with extravehicular activity.
ng of its major objectives was to determine the effects of prolonged space
existence upon man. This has been accomplished by increments to the maximum
duration flight of 14 days we saw in Cemini 7.

The Gemini in-flight medical experiments program consists of a total

A GRevp OF
of eight experiments and ewme operational procedure’, formerly Experiment M-2.



corsisTH OF STUZIES
This &= the tilt table procedure and evaluation¥of body fluid compartments,
which, as a® operational procedures, waégperformed on most missions of the
Gemini series. Of the remaining eight experiments, four are additional
cardiovascular experiments, two are concerned with bone metabolism and elect-
rolyte balance, one is an evaluation of sleep during flight, and the remaining
one is an investigation of otolith function. Because Gemini T was the longest

Tlight of the series, it was heavily medically oriented and carried all of

the Gemini in-flight medical experiments and operational procedures. g

o
7

Experiment M-1 is the evaluation of a countermeasure against cardio- (;xf ;z_,j

vascular deconditioning as observed by the tilt table and cother procedures.>~ —

It consisted of the regularly cycled intermittent inflation and deflation

of pneumatic cuffs about the thighs. The cuffs, whichégg;?incorporated into

the undergarment, were applied to one astronaut and the results of his cardio-

vascular evaluation were compared with those of the other. This method is

based upon the work of Graveline who in 1961 demonstrated the effectiveness

of similar cuffs about all four extremities in preventing the degradstion of

$ilt table tolerance following water immersion. While he used an inflation

pressure of 50 mm of mercury applied alternately one minubte on and one minute

off throughout the period of immersion ef-his subjeets, the procedure as

used in Gemini applied a pressure of 80 mm of mercury, two minutes on and

four minutes off. The inset photograph is a picture of one of Graveling‘s

original subjects. The next slide illustrates the Gemini automatic programmer{f.% /
e

and oxygen bottle and the location of the inflatable cuffs. The technique

is thought to mediate its effect by preventing or slowing the redistribution
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of blood volume within the bedy, as well as by exercising the venous network
of the lower extremities to maintain tone.
The experiment was flown on Gemini 5 and 7. On Gemini 5, a small leak

developed in the system, and the oxygen supply was depleted after four days.
CopsRseity , v o
E%ﬁ*sy%tempandrmethud*WE?““Tmﬁrﬁ"éﬁ“fnr Cemini T ea& the equipment ie—now-

operated from the cabin oxygen supply system rather than its own source.

é’y Dorif cirior 8§ any 7 A/ -FLLH
Throusheus—the Gamindt—S-Flieghs,
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the cardiovascular responses of the Lyre- 2 P

o
astronauts were not significantly different. I will discuss the post-Tlight
evaluations in a moment. BN
Experiment M-2, the now operational tilt table procedures and body §// ’ )
fluid studies, were performed pre- and post-flight on Gemini Woe 5 ang o, \\‘ //
The tilt table procedure alone was performed on Gemini 3 and 6. The tilt
table study is géé%ﬂé%é&&y a-eardgtovascuter provocative test designed to
bring out ineipient changes in cardiovascular responsiveness. A series of
these tests are done pre-flight and post-flight in a manner somevhat similar
to that used during the Mercury program for the Cooper flight, MA-9. In
Gemini, however, the period of vertical tilt has been expanded from five
pAmekes to fifteen minutes, the tilt board has been fitted with a saddle~

(A CALIZARTIED VRLIALGA SIVEER)
like seat, and the introduction of the Flack tesﬁﬁduring tilt has been
eliminated. This slide indicates how the Stokes litter was used as a tilt
board during the Mercury program. In this procedure, the astronaut supported e
himself on his feet during the period of tilt. The next slide 1llustrates [ 514
the Flack tester whzchrtfrardev1ce used teo perform a calibrated Valsalva ‘k“;ﬂ/

THIS Dévi eff
maneuver. The subject, blowing into it with sufficient pressure to match
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3

the red line on the piston to the red line on the cylinder exerts a pressure
of 40 mm of mercury. As utilized during the Mercury program, the Flack test
was intreduced at the fourth minute of vertical tilt and the subject main-

tained the maneuver for 15 seconds to provide an additional cardiovascular

s
A

‘ TR LE e
stressor. The next slide illustrates the aeecf=the—saddde tilt table, demiws— /FV S
|

=

=

=mebed-Test5hudsx. This is the table used in Gemini to eliminate use of the

subject's legs for his support during tilt. Recent studies have indicated
PR vE DT 0
that this measure renders the test perceptably more sensitive by ebriating-

the assistance given venous return by even this minimal activity of theg//i;ﬂF“

lower extremities.

e

X T congunctlon with the tilt table studies performed on Gemini h B

/ fead'

/ and T, blood volume, plasma volume, and red blood cell mass determinations e

have also been made. In all of these, the RISA technigpe‘ﬁtilizing iodine
125 was used for determlnatlons of plasma volume. in Gemini 4%, blood volume
was calculated from the hematocrlt determxnation and plasma volume. Red

cell mass estimates were made by subtfactlon of the plasma volume from the f

calculated blood volume. In Gemini 5, tagging of red cells with chromium

51 vermitted a direct detérmination of red cell mass, as well as a determin-
ation of red celllsufeival. In Gemini T, red bloed cell tagging with labeled |
DFP was ad@ed'iﬁ order to eliminate the problem of elution and better identify

the causeﬁof the diminution of red blocd cell mass, i.e., whether based on a

dxmlnlshed productlon or augmented destructlon of red blocd cells.

et e e

et o2 o T

DISCUSSION e

M=3 is the exercise experiment performed with a bungee cord as in Project é{;}f

Mercury. It is an evoked response experiment whose purpose is to measure
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cardiovascular responses to the same fixed stimulus, as the flight continues.

As prograrmed in Gemini, the M-3 exercise is not a cardiovascular condition-

ing procedure although this will be explored in Apolle. The force reguired

to stretch the cord is approximatelyiﬂﬁ)pounas, and the stretch distance is

limited to sbout one foot. The work completed per full stretch is, there-

fore, approximately”?@@foot pounds. Each exercise period has congisted of a

single stretch per second for 30 seconds. Four such exercise periods were

performed by each astronaut throughout each day on both Gemini I and Gemini

THE y AERR Joprl TWicke A OR7 oas GiErEisd 7

5. As shown on the slide, in Gemini the cord is held by means of a loop

about the feet rather than attached to the floor of the vehicle, as it was /’:;.

in Mercury simply to facilitate storage. This slide illustrates the use of (5&5 £

the cord by an astronaut in the spacecraft. 5
Tn Gemini 4, 5, and T, the flight crews showed no significant change in

cardiovascular response to this exercise as the flight progressed, nor were

there significant differences between in-flight responses and those obtained

from similar measurements on the ground. The fact that this method as used

does not appear bto be exceptionally sensitive might render it valuable as a

predictive device. —
Experiment M-l is the in-flight phonoelectrocardiogram. By recording (i’ {/}

B

L

the phonocardiogram simultaneously with the electrocardiogram, the intervals
between electrical stimulus and a fixed point of myocardial response, as
indicated by valve closure, are determined for each heart beat. By thus
timing the events of mechanical systole, an indication of the status of the

myocardium, and its responsiveness, is gained. Illustrated in this slide
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is the microphone and signal conditioner used for the phonocardiogram. The

\’ )

next slide shows the avpproximate placement of this equipment on the astronaut. ~—
This experiment, whose principsl investigator is Dr. Carlos Valbona of

the Texas Institute of Research and Rehabilitation in Houston, Texas, was

27 Piedy 5, X
2 b ot 55 ) B A et g
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M-5 is the analysis of body fluids for various hormonal assays and other / “‘Lfilj

flown on Cemini 4, 5, and T.
determinations. Assays of particular interest’ are the steroids, CatEChOlaMlEé;:—_ﬁ
and antidiuretic hormone. The experimental procedure calls for the analysis

of both blood and urine samples pre- and post-flight, and of urine specimens
obtained during flight. On Gemini 7, 75 cec urine specimens were collected

from each mixture of two successive voidings and stored for post-flight

analysis. Urinary output was determined by mixing the urine in the q}xing

prﬂnmgsja%fﬁﬂ
bag with a fixed amount of %fitaﬁ\gbefore filling the spec1men bag. Urinary

output calculations are based upon the concentration of tritium in the

gpecimen. This experiment was flown for the first time on Gemini 7. The

equipment consists of a valve, tritium container, common mixing bag, and

specimen bags. The remainder of the urine after sampling was dumped over- ey
board. The next slide shows a specimen bag. You might find it of infterest (j;

that even this small item of equipment must be flight qualified. Its most

critical qualification test is its resistence to burst in a high vacuum

X%j7 R AT fisTtr
01 B e ikt tfe. FHTE0

Experiment M-6 is the measurement of bone density by means of a (‘ e

environment, for obvious reasons.

special x-ray technique which is performed pre-flight and post-flight.
Shown here is the principal investigator of the experiment and the origina-

tor-of the technique, Dr. Pauline Berry Mack of Texas Women's University.
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Although the technique is highly specialized, it employs standard x-ray
equipment and a metal wedge densitometer to determine the density of the

os calecis and middle phalanx of the fifth finger before and after flight.

A photo-scammer is used to determine bone density from the x-rays, and pre-

and post-flight films are compared. A diminution of bone density was noted
~qup
in both bones of all feur Gemini ltj ,

astronauts but less promi-
nently in the Gemini 7 erew. As would be anticipated, all of these values

7
returnﬁto normal within a few weeks after the flight.

fr— 2 \

Experiment M-T is the calcium balance study, perhaps more accurately e
A IR ERE S
described as amelectrotyte balance study. It is a very closely controlled

total intake and output study designed to identify changes in the mobiliza-
ST AR S
tion and metabolism of calecium and other eleebroisbes, under weilghtless
conditions. The prineipal investigators are Dr. G. Donald Whedon, Director
of the National Institute of Arthritis and Metabolic Diseases, Dr. William
Neuman of the University of Rochester Medical School, and Dr. Leo Lutwak
of Cornell University Medical School. This experiment was flown for the
first time on CGemini 7. Electrolytes which are being evaluated in addition
to calcium are nitrogen, phosphorus, potassium, sodium, chloride, and
magnesium. As the primary amino acid coﬁstituent of bone matrix, hydro&ypro-
line output is also being assayed. Pictured here is the plastic fecal recep-
tacle utilized iﬁ Gemini. Urine, feces, and sweat were carefully collected
and analyses of these specimens and of flight food are currently in progress.
Experiment M-8 was also flown for the first time on Gemini Te Tt is an (;Elt{.
assessment of depth of sleep during weightless flight as measured by electro-

encephalography. The principal investigator is Dr. Peter Kelloway of Baylor
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University Medical School. Pictured here are the electrodes and signal
WERE

conditioners for the bilateral parieto-occipital leads which ere—tobe
recorded. The next slide illustrates the leads in position worn by one ( :l«
of our laboratory technicians at the Manned Spacecraft Center in Houston.
As many of you are aware, depth of sleep has been directly correlated with
a slowing of the electrical activity of the brain. On Gemini 7, these
AW) TVE FovR STRHCS OF STy (667) wiite sopiey

electrodes were worn by one astronaut for the first two days of flightd PErresrmnres

Experiment M-9 is the otolith function experiment designed by Captain (f;:‘ is
Ashton Graybiel and Dr. Earl Miller of the Naval School of Aviabion Medicine,\

Pensacola, Florida. The otolith mechanism is primarily a sensor of linear
acceleration. BSince this is a gravity sensing and gravity dependent mech-
anism, the question of the possible development of changes in sensitivity
of the otolith in the absence of gravity has been raised. This experiﬁent

is designed to evaluate otolith function by means of two methods, which

ARE
eemstitute the two parts of the experiment. The first is the determination

of egocentric visual localization of the horizontal in flight. The equip-
ment for this measurement has been incorporated into the equipment for
another in-flight experiment. It consists of a light-proof goggle with a

rotatable illuminated white line in front of one eye. During flight, the

o =

astronaut attempts to rotate the white line to what he considers the hori-

7

s e

zontal position,/i.e., the’ positien parallel with the pitch axis of the
K_ e el

| T e e o e i SoRESL
o

éﬁaeécraft.f His ability to do this is a function of the integrity of

otolith responsiveness. The position of the white line is read by the

other astronaut by means of external calibrations on the surface of the =

A

Nl
actuating ring. The second part of the experiment consists of the measure- (:; 4
o

ment of ocular counter-rolling pre- and post-flight. This is done by tilting
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the astronaut to the side in a very precise fashion. With this movement,
the eyes normally rotate very slightly in the opposite direction in an
attempt to maintain alignment with the horizon. The degree of counter-
rolling reflects the sensitivity of the otolith mechanism. The amount of
sideward tilt is an exact 50 degrees, hence the use of the frame. The head
is held very still by supporting cushions while the camera which is fixed

to the frame in front of the eyes takes a series of still pictures to enable

the measurement of counter-rolling in minutes of arc. The counter-rolling //fﬁ\\\

[=d

S

frame is shown on this slide, and the next slide is a close up showing a
better view of the position of the camera with the relation to the head.

This experiment was flown on Gemini 5 and Gemini T. The data obtained

show no evidence of otolith disturbance due to weightless flight of up to Ef7
two weeks. C}F’U

It should be noted that none of the Gemini flight crews to date have

exhibited any overt manifestations in the form of symptoms or signs of

adverse effects. The findings which have been discussed in this review of
OATA
ke Gemini im-fiishi medical investigabiens-have been obtained from specific
tests and laboratory measurements which have been performed for the purpose
of obtaining trend information.
Most of these Gemini experiments will be repeated during the Apollo
program since Apollo will offer the opportunity of obtaining physiological

information from flight crew members who are mobile during their exposure

to weightlessness. Additional medical investigations planned for the
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Apollo program are a study of cytogenetic and immunological effects on
blood elements, the use of exercise as a cardiovascular preventive measure,
vectorcardiographic studies utilizing the Frank Lead system, in-flight
measurements of metabolism, evaluation of lung volumes, a continuation of
the red blood cell survivai studies, and, depending upon its level of

<

development, the use of the lower body negative pressure device pre and /A;/:r?

post flight. This device, shown in this illustration in a clearly non- | /
flyable form, is being investigated by the Air Force School of Aviation -
Medicine. As its name implies, the principle involves the application of

negative pressure to the lower portion of the body to increase the relative
volume of blood in the lower extremeties. With respect to the eirculatory

system, this can be used as a kind of gravity substitute in flight, and

therefore can be applied either as an in-flight tilt table test or as a Ag‘

i N =
cardiovascular preventive measure. ( L)f”’;‘“?
-
The fllght program currently envisioned as the follow-on to Apollo*\\_ '
=ty

is the Apollo Applications Program. It entails the utilization of Apollo
vehicles and technology for more prolonged and varied orbital missions and
5y Bhitc Penpsre jnt B2 3¢ e TIFIC -

expanded lunar exploration.A'Since this program is presently in the planning
stage, it would be premature to launch into a detalled discussion of Jt.
However, its medical potential as an extended duration orbiting regearch
laboratory does bear a few important comments.

In-flight medical investigation for this flight program has two major
aspects; on the one hand, a planned R&D program based primarily on a serles
ofnﬂﬁﬁé initiated studies; on the other, medical and behavioral experimerrts

FoR g‘f‘{,mur .4’,3‘{ Pﬂié INVETTIeRIORT §F TilE SetgariFic Cortyvwif &

proposeqﬁ-ﬁ che—seiertifie=body of the United States and friendly foreign

nations .
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NASA initiated studies were begun in early 1963 and consisted of the
work of in-house professional groups, industry, and a group of prominent
consultants known as the Space Medicine Advisory Group. These efforts led
to our presently planned research and development program. As currently
viewed, the medical effort for this program falls into eight categories,
namely, behavioral, neurological, cardiovascular, respiratory, metabolic,
endocrine, hematological, and microbiological and immunological. Since
clinical laboratory procedures will be performed on board the spacecraft,
presently plamned research and developmental efforts emphasize the develop-
ment of microtechnigues and clinical laboratory techniques which do not
require the use of wet reagents. In addition, there will be a continuing
effort toward the develqpment and validation of new physiological measure-

ment techniques and equipment improvement, further studies to define ranges

of normal physiologic responses of man under dynamic conditions, and continued
DATA STonAGE | ConpurpRieATien TIHAR 12 0s, Aol  LDIT LA —
investigation of the-use-eof-% 3 ehﬁmxﬂmmmﬂﬂTTﬁFfﬁxﬂﬁhﬁfwsys%ems/: :

e ————

i handtine-of-mediesl-data.

a,

Looking now to the“other aspect, the partiéi%ation in fhe prbgram by
the scienti}ic commmity, we have actively soliciteg this kind of activity
on several bccasions in the past, bht until very recently, responses have
been quite slow. Lately, there has been a noteable increase in the number
of proposals received, and it is our intention to encourage this trend by
continuing to improve our methods of commnication with the scientific
commmnity: In keeping with this, I would like to take this opportunity to

\

encourage anyone interested in designing and submitting an experiment which

he considers pertinent, to procede actively to do so. The program of

S ‘jf/a,,_): )

)
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in-flight medical investigation is a national endeavér. As such, it is
open to any professionally qualified individual in the United States, as
well as those from friendly foreign nations.

Proposals for in-flicht medical experiments are received by the Medical
Science and Technology Division of Space Medicine in NASA Headquarters on a
form which has been drawn up for that purpose. The review for scientific
merit is accomplished by the NIH study secbion system, followed by a review
from a progremmatic perspective by a counecil of medical consultants ﬁb thig
division which is called the Medical Advisory Council. The appropriate
forms and any further information-you may requiré may be obtained by con-

I PHERE ALIS TEi yod AT THIS Painr praie
tacting our office, NASA Headquarters, Washington, D. C.-HShould you wish
to have a background of medical information obtained from our manned space
flights to date, you are invited to write to the Deputy Director, Scientific
and Technical Information Division, NASA Headquarters, Washington, D. C. 205L46--
Attention: Mr. Howard G. Alloway.

Permit me to conclude by saying that it has been my pleasure to present
to you this account of the NASA program of in-flight medical investigation.
I sincerely hope that you have found it to be of interest, and, even more,
that 1t has stimulated some of you able investigators in the audience to

profound thoughts, and active participation in ‘the program.
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ARTICLE FOR
U. S. MEDICINE

S. P. VINOGRAD, M.D.
DECEMBER 19, 1966

Nineteen sixty-six was a year of significant advancement toward our
national goal of landing man on the moon within this decade. While
the unmamned Surveyor and Orbiter Fflights returned startlingly detailed
photographic reports of the characteristics of the lunar surface, NASA
Manned Space Flight completed the Gemini program with unqualified success.
As thg final precursor to the Apollo series and its target manned lunar
landing mission, the Gemini program had as its major objectives the vali-
dation of man, machine, and supporting technology for long dﬁration flight
in excess of the requirements of the lunar landing mission; rendezvous
and docking of two vehicles in earth orbit; the development of operational
proficiency of both flight and ground crews; the conduct of experiments in
space; extravehicular operations; on-board orbital navigation; the active
control of the reentry flight path to achieve a precise landing point;
and the investigation of operational variations and applications of
alternative navigational backup modes. All of these objectives have now
been achieved. All of them, too, bear ocut the importance of man as a

highly skilled functional unit in this man-machine complex.

In Gemini, no overt signs or symptoms of physical or performance
deterioration have been encountered. Yet, the careful measurement of

specific body systems and functions has brought out subtle changes whose



time courses and preventive requirements are the subject of continuing
research since they have an important bearing on the planning of very

long duration menned flights of the future.

Although Gemini 7, the lui-day flight of Col Frank Borman end Lt Col
James Lovell, took place in December 1965, the evaluation of the medical
data derived from that flight was an important 1966 space medical effort.
medical experiments and medical operational procedures scheduled for the
Gemini program. It was the first mission in the history of manned space
flight which was designated a medical flight. Its successes are a memo-
rable reflection of the cooperation, interest, and conscienciousness of
its flight crew who carried out their heavy schedule of medical investi-
gations under the severely constrained operational conditions of space
Tlignt, a fer cry from the conveniences of an earth-based laboratory.
Its successes are also a tribute to the principal investigators and
associated scientific personnel from both the scientific commmity and
NASA who planned and worked so carefully to derive valid data. Comparison
of the Gemini 7 flight data with that obtained from Gemini 4 and 5 (the
L~ and 8-day missions, respectively) has resulted in considerable clari-
fication of the physiological occurrences which might be anticipated on
longer duration space flight. Although the flights of CGemini 4 andg 5
were less heavily endowed with medical experiments, we are similarly
indebted to their flight crews, Astronauts McDivitt, White, Cooper, and

Conrad, for their important roles in this effort.
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Gemini was the first flight series to carry a pre-programmed group of
in-f1ight medical experiments. This medical activity is now established
as a progrem, called the program of in-flight medical experiments, whose
present activity is currently centered about the planning and development
of medical investigations for Apollo and beyond. It consists of a series
of in-flight and pre- and post-flight medical measurement protocols
designed to gain insight into man's pPhysiological and functional integrity

as affected by prolonged space flight.

In contradistinction to the medical operational effort, which emphasizes
the welfare and safety of the flight crew during the actual mission, it
places emphasis on the welfare and safety of the astronauts on future
longer duration missions. During Gemini and Apollo, the objectives of
this program are primarily operationsl in nature. They consist of the
determination of the effects and time course of the effects of space
flight on man, the mechanisms by which these effects are manifested,
megns of predicting their onset and severity, and the identification of
the most effective preventive or corrective measures. Beyond Apolio,
the medical experiments program will be able to acconmodate a second
category of objectives, the supporﬁ of medical research which might be
advanced by weightlessness or any of the other unique conditions of

space flight.

This pfogram is an open one which now includes and continues to encourage
the participation of competent medical scientists throughout the country.
Proposals for in-flight medical experiments and their associated ground-

based research are reviewed for scientific merit by the NIH study section



system followed by a second review by a group of outstanding consultants
who are familiar with menned space flight, called the NASA Medical
Advisory Council. Although the groundwork was begun more than a year
earlier, the activity of the NIH study sections in ren&ering their highly
compeﬁent and cooperative support to this program was ancother major land-

mark of the year 1966.

Gemini bleood volume studies were carried out on the L-, 8-, and 14-day
flights. RHISA end Cr51 technic 'es were used pre and post flight for
plasms, Yolume end red cell mass determinations, respectively. Following
Tlight, the red cell mass was decreased ig‘;ll flight crew members.

Although this decrease measured only 7% in one astronaut, the five other
individuals showed losses ranging from 12-20%. The Gemini 4 and 5 results
showed a good correlation with duration of flight. In Gemini T, one astro=-
naut showed an equivalent change to the 8-day crew measurements, while the
other showed only the f% change. Plasma volume measurements were slightly
decreased following the 4~ and 8-day flights with a resultant decrease in
total blood volume in these two flight ecrews. Following the li-day mission,
however, both crew members showed an increase in plasma volume which com-
pvensated almost exactly for the red cell mass loss so that the blood volume
showed no change over pre-flight measurements. It is currently held that
the most probable reason for these changes in red cell mass is the hyperoxic
enviromment (100% oxygen at 1/3 sea level total pressure), with decreased
physical activity as a secondary factor. The blood volume changes are

less well understood. The increase of plasma volume seen in the 1k-day

flight but not in the two earlier flights is explainable either as a




compensatory response which took place as the duration of flight was
extended, or by virtue of the a’teration of certain of the human factors
aspects of the Geﬁini T flight. Most notably, the Gemini T fiight crew
did not wear their pressure suits during most of their orbital flight
with e resultant significant lessening of thermel stress. Of further
interest is the fact that all of these flight crew mewbers showed evi-
dence of dehydration following fiight as indicated by the post-flight
welght 1oss'which was in all instances almost immediately regained, or
nearly so0,.with the imbibiticn of water after recovery. This and other
indications of dehydration are of particular interest in the Gemini 7
flight crew whose blecod volumes were unchanged and whose plasma volumes
were increased. These blood volume and red cell studles are a team
effoft whose members include Dr. Craig Fischer, NASA Manned Spacecraft
Center, Houston; Dr. Philip Johnson, Baylor University College of Medi=-
cine; and Dr. Charles Mengel, Ohio State University Medical School.
Related ground-based research activity is a continuing NASA effort in

these and other laboratories.

Pre- and post-flight tilt table studies, which utilize the tilt table

]

a3 a2 measurable stimulus for the measurement of cardiovascular responsive-
ness, have éeen carried out pre and post flight during most of the Gemini
missions. Until Gemini 7, a trend appeared to be emerging in which the
degree end duration of alteration of tilt table response seem to correlate
quite well with duration of flight. Following the lh-day flight, there

was again an alteration of tilt table response which in one individual was



less pronounced then those seen following Gemini 4 and 5, but which in
the other individual was distinctly more proncunced. On the other hand,
both Gemini 7 asﬁfonauts returned to their pre-flight levels inm an
unusually short time. Perheps the most logical explanation for this
improved recovery time relates to the fact that the blood volume was
unaltered. The tilt table studies and all medical operational procedures
were devised and implemented by a medical operations team under the
direction of Dr. Charles A. Berry, Director of Medical Research and

Operations, NASA Manned Spacecraft Center, Houston.

The effectiveness of rhythmically inflated thigh cuffs as a preventive
measure to reduce changes in cardlovascular responsiveness during space
flight was carried out as Experiment MOOl abosrd Gemini 5 and Gemini 7.

In both instances, this device was worn by the pilets but not by the
commané‘pilots in order that post-flight tilt table and other responses
could be compared. Although this method showed great promise in ground-
based water irmersion studies, its evaluation during space flight resulted
in no favoreble findings. This technique continues %o be studied, in
particular, the influence of alterations of cycle time and cuff Pressures.
However, the use of an elastic lectard-like germent currently appears to
be better suited for flight. This is scheduled for evaluation in flight
in the near future. The principal investigator of these experiments is
Dr. Lawrence F. Dietlein, Chief, BiemedicallResearch Office, NASA Manned

Spacecraft Center, Houston.




The evaluation of ;ardiovascular responsiveness in flight using bungee
cord exercise as a calibrated stimulus was performed on Gemini &, 5,

and T. Also carried on these flights was the phono-electrocardiogram
experiment in whicﬁ the timing of events of myocardial contraction was
measured from simuléaneous recordings of the phonocardiogram and electro-
cardiogram. Nelther of these experiments demonstrated eny changes unique
to space flight within our meximal 1h days experience. The exercise
regimen'will be increased for this evaluwation on future flights. Dr.
Dietlein is the principal investigator of the exercise experiment while
he and Dr. Carlos Vallbona of the Texas Institute of Research and Rehabil-

itation are co-investigators of the phono-electrocardiogram experiment.

Blood and urine examinations pre and post flight and the evaluation of
urine specimens collected in flight were accomplished by Dr. Harry
Lipscomb, Baylor University College of Medicine, and Dr. Elliott Harris,
NASA Manned Spacecraft Center, Houston as Experiment MOO5. For many
reasons, the collection of accurate aliguots of urine in flight is a
far more difficult problem than was first apparent. However, this
procedure was carried out on Gemini T with sufficient accuracy that
correction factors based on a presumed constant creatinine output could
be applied. The calculation of total urinary output from the aliquots
{by 2 concentration-dilution technique) was of eritical importance to
the mineral balance experiment as well as to MOO5. In this experiment,
electrolyte and water retenticn were observed immediately post flight,

a further indication of dehydration. Plasma 17 hy&roxycorticostéroids



were elevated post flight but in-flight urinary outputs were normal, a
finding which is consistent with the increased demands of reentry as
compared with orbital flight. In addition, post-flight plasma uric
acid levels were found to be slightly low, perhaps as a reflection of

the low dietary intake of purines during flight.

A detailed mineral balance study was performed for the first time on
Geminl 7. The principal investigators of this experiment are Dr. G.
Donald ﬁhedon, Director, NIAMD, NIH, Bethesda; Dr. Leo ILutwak, Cornell
University Medical School; Dr. William Neuman, University of Rochester;
and Dr. Paul LaChance, NASA Mamned Spacecraft Center, Houston. This
effort required a complete intake and output measurement of calcium,
phosphorus, nitrogen, sodium, chleride, potassium, and magnesium. OQub-
put of hydrosxyproline, the major amino acid counstituent of bone matrix,
was also measured. This was a highly complex experiment which required
diligent effort on the part of the principal investigetors and their
team of ancillary personnel as well as the CGemini T flight and backup
crews. The protocol included a ten-day pre~flight and two-day post-
£light equilibration period as well as the lhk-day in-flight experimental
period. Despite all precautions, technical difficulties, such as inaccu-
racies in the urine sampling system, did occur. Yet, with the application
of.correction factors, acceptable curves were obtained. A mild negative
calcium balance and 4 more pronounced negative nitrogen balance were
democnstrated to have taken place during flight. This is consistent with
the findings of the bone density experiment of Dr. Pauline Mack of Texas

Wemen's University. In this experiment, three x-rays of one hand and



foot of each astronaut were -
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own agg. tometric technigue, che noted a demonstrable demineralization

as that seen in weight-bearing bones after two 1 weeks of bed rest. Para-
doxically, the Gemini 7 ehanges, although agai demonstreble, were less
prorcaaced. Althov;u the reagons for this apvarent discrepancy are not

entirely clear, the heavier in-flight exercise schedule adovtcd by the

Gemini 7 astronauts is doubtics

The electroencepholograzhic of sleep was also carried cut sboard

.,

Gemini T by ore flight crew menber. Interpretable data was obtained for
a period of a little over two days. The Ffour stages of sleep were easily
demounstrated, although "j &ra;o:1c¢1 slcgf could not be identified with

certainty since electro~-ceulosrams were nob included. The priveipal
o
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investigator of this experir-nt i
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v er Kellaway of Bayior Univer-

%

sity College of Medicine.

he investigation of vestibular ctolith activity during weightless

flighﬁ was the subject of en by Dr. Ashton CGrsybiel and Dr

n

£

. Parl Miller, Naval Aerospace ledical Institute, Pemsacola. Pre an
post flight ccular cournber-rolling measurements were performed as an
index of otolith responsivencss. In-light measurements of ihe 28Cro-
b-ats! abillity to identify the ? u“lzomtal exlis of the spacecraft with

vislon obscured was used as an ia-flis ght measurenent of the integrity

-q 3

of the otolith system. These measuremsnts were carried out on Gemind

A

and Gemini 7. In general, these datae revesled no gigaificant chenge in
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will be continued Into longer duration flights. Semiciveuwiar canal
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function has not yet been eve uated in weightless flight, but plans for

flight research into theiy function, particularly as they are affected

Ey Coriolis forces, are in boin
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Because of their relatively short durations aud hea Y oi aticnal gchedules,

the remaining Geminl Flights after Gemini T did not carry medical experi-

ments. Medical operat no new or unanticipsted:
findings except with respect o the CGemini 11 extraveniculsy activity.

deal of gitenticn

Although this problem is co

and investigation, the mwost penrs To be that the
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effort required to accomp pligh = task in 5 pressurized space suit without
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the agsistance of gravi wch greater them was anticipated. This
conclusion was well supported by the demopmsiration of successful tazk
verformance with the addition of regtreining devices during the CGemini
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The Apollo progreax
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new opportunities for the addicion of more dabta on the in-f 1ignt medical

investigation begun i@_Ge@ L. With the Apollo Awwliéaﬁiens progran,
which we believe may follow, Uie entire scientific effort will be strongly
emphiasized and the scilentific community will pley a major role. Tlight
durations will be éxran&ed, enud crew Lask reguiremsncs wilil be more
diversified. Conseguently, tic evaluatlicn of man in the space environ-

ment will be intensified.

welght capabilities of the






DRAFT II: May 19

Dear Colleague:

The National Aeronautics and Space Administration expects to
complete, in this decade, a successful manned landing on the

lunar surface. The Apollo program is designed to provide man

the capability of operating in space and on the moon. The

Apollo Application Program €A,A.P,) which follows the lunar landing

will utilize this capability for the benefit of science.

For—the medicalresearch worker this provides—an-epportunity for

Ier1y
&weempfehEﬂﬂive—aﬁaLys%sﬁcf’EheR%ffﬁtts_ofﬁthe»spase“enuirnnmentrm

JHE [MEFIchL FoR AP Blicorpsrres
—on the—-astronaut, $%&3—experimental program-has two major categories
iy 7e

of objectives. The first, thot-ef prov1d§ﬂg 1nformation to support

man on progressively longer duration space flights, consists—ef

are—to détermine the effects; mechanisms.,
predictive means, and corrective measures with reference to the.
influence of space flight on the-psychophysiological integrity of
maagl i Ehe—advent—Uf—thé"ﬁﬁf“preg;am,_the:npportunity‘for‘in-
“f%&ghﬁ—lnng___ggtlon—%s»expandedﬂwand“ﬁﬁﬁ:%an-aceemmedate—éhe THE
second m ajvr“tategery_oiwo eet%vesggghatﬂwf"contrlbutihg infor-
mation significant to scientific disciplines concerned with studies
of human function. ?hisngatagefywuf*endéHV6?*f§“tﬁﬁ€Tent%t0m%he“
field of medicine and-atl of -its branches-as it-is—to-the other

biclogical-and-the physical-seiences+

\/
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Th%s~o§§erg1an excellent opportunity to increase the depths of

medical understanding and to
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Fhe medical investigator:

?%'NASZ seeks the participation

Buthots
explore fields se—£far unaccessible ,
Pe—fulfill such-—a-task satisfactorilyy

of medical investigators in many

different fields. Avv & Lk .ﬁkﬁﬁ*‘” .

Because of the long lead time, proposals for in-flight medical

experiments, time is a critical factor,

M

In-flight medical

experiments shoukd be programmed at the earliest possible date.

If you have an experiment that you believe has merit, NASA invites

you to submit a proposal.

purpose may be obtained from:

Sherman P. Vinograd, M.

Guidelines and special forms for this

D.

Director, Medical Science and Technology

Space Medicine

Office of Manned Space
NASA

Washington D.C. 20546

Flight

Sincerely,

George E. Mueller
Associate Administrator
for Manned Space Flight
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IN REPLY REFER TO:  SL( VRW: f'w) MAY 3 1966 /ﬂ’

Dear Colleague:

[The National Aeronautics and Space Administration expects to complete, in
this decade, a successful manned landing on the lunar surfacejand to have
samples of the Moon returned to Earth. The returned samples will provide
the first opportunity to determine, through a comprehensive analytical
program, the composition of the Moon and evidence related to its origin.

Because the opportunity to submit proposals for analysis of lunar
materisls may not have come to the attention of some scientists, we are
extending the deadline for submission of proposals to June 15, 1966.

Equal consideration will be given to both new proposals and those that
were submitted in response to previous announcements (June 196k,

January 1965, and July 1965 issues of "Opportunities for Participation

in Space Flight Investigations”). Proposals previously submitted mey be
emended during this extended period to reflect any changes in the proposed
scope of investigations, designated investigators, or funding requirements.
Proposals from laboratories that are prepared to undertake sample analysis
by the Spring of 1968 will receive preferential consideration.

Proposals should adequately describe the scientific objectives and merit
of the investigation, the competence and experience of the investigators,
and the reputation and interest in the investigator's institution,
especially from the viewpoint of whether the institution will provide the
support needed to carry out the intended investigation. Proposals must
designate the principal investigator, who will be responsible for the
conduct of the actual analysis of the lunar material, and must include a
desceription of his scientific competence and that of his co-investigators.
In addition, proposals should describe the method of analysis, data to be
obtained, type and amount of sample required, and any special requirements
for sample preparation prior to shipment to the laboratory.




-D.

Instructions on the preparation of proposals, including reguirements for
funding and management, are contained in "Opportunities for Participation
in Space Flight Investigations' NHB 8030.1, July 1965. Copies of this
publication can be obtained from the Superintendent of Documents,

U. S. Government Printing Office, Washington, D. C. 20402, price 60 cents.

Twenty-five copies of the proposal are reguired for submittal to:

Director, Office of Grants & Research Contracts
Code SC

National Aeronautice & Space Administration
Washington, D. C. 20546

It is requested that twenty-five additional copies be forwarded to:

Mr. Verl R. Wilmarth
Chief of Planetology
Lunar and Planetary Programs
Office of Space Science
ané¢ Applications
National Aeronautics & Space Administration
Washington, D. C. 20546

Sincerely yours,

c:i:;%ﬁ ) ?gwe/z&,.

Homer E. Newell
Asgsociate Administrator for
Space Science and Applications



November 21, 1966

Report of Ad Hoc Sub-Committee of MAC
on the AAP Proposal of Dr. W. Dean Chiles, Wright-Patterson AFB

Dr. G. Donald Whedon, Chairman

Dr. Joseph Kubis

Dr. Jesse Orlansky

Dr. Edward J. McLaughlin (representing Space Medicine Staff)

The committee met with Dr. Chiles on November 18, 1966, in one of the
offices in Space Medicine Division, NASA, from 9:10 a.m. to 11:40 a.m.

for a "site visit" discussion of his proposal entitled, ''Psychological
Status of the On-Orbit Astronaut". Subsequently the committee had a

25 minute discussion of the propesal.

De. Chiles described his study primarily as an effort to learn from
simultaneous performance of a series of tasks, more about "alertness"

and how much of the subject's mental capacity he is able to use or

muster, at various times of the day and under varying conditions at
different times during the sequence of a space flight. Since man in
practical life has many different tasks to perform and has to carry them
out more or less concurrently, much more will be learned from a battery

of tests which are ''time shared" than from either single tests or even
several tests run sequentially. Discussion brought out that in use of

the tests of the type proposed, in the considerable experience to date
with pilots, reliability from day to day was very good in the 90 to 120
minute test periods used, particularly for arithmetic, targeting and
tracking tests, but that reliability had not been established for shorter
test periods; in fact, shorter test periods of the 30 minute duration

in the proposal have not been used except for two tests as part of the
battery. There is apparently little relationship between the tests used
and functicon as a pilot (validation). The sensitivity of the test battery
now in use is reported as good; good and poor performers and good and peor
performing days in a single subject can be detected. On inguiry as to the
basis for selection of particular tests, it came out that although there
had been some development, (that is, from experience certain tests have
been changed or were discarded) the choice of tests is rather arbitrary;
one Iimportant criterion for test selection is that tests which show
continuous improvement in performance with training (that is, "do not reach
an asymptote") are of no value. On inquiry with regard to "deterioration',
under stress certain tests do receive priority over others by tkhe subject.

The considerable weight and volume (and cost) of on-board equipment is due
to the inclusicn of computer eguipment which contains the program of tests
to be given the subject and alsc cellects, stores and provides some
relatively simple statistical treatment to the subject's response or
"answers'. These results are then to be telemetered to the ground; no
on-board print-out equipment is planned.



In discussion of the budget, Dr. Chiles indicated that all of the funds
requested for sub-contracts to manufacture hardware, none was for support

of the research or test-observations to be carried out with the equipment.

He is requesting one test unit for flight and of the 8 so-called ''protetypes”,
two units would be used in training and in ground pre-flight tests, whereas

6 were intended for loan to other investigators. Dr. Chiles stated that

the project could be done with one flight unit (Dr. McLaughlin: NASA
requirement for two flight units, one merely being back-up, resulting in
added cost of 50 - 60% for flight equipment), and one training or ground-
test unit. The units proposed would differ from units currently in use

only in the addition of a tracking test and in making a somewhat more compact
and rugged package. A revised hardware cost estimate would be in the range
of $600,000 to $800,000.

The plan of "research" operation, not particularly described in the proposal,
is 1) to make a study of pilots, probably at Edwards AFB via contract to
Douglas or some other company with Dr. Chiles as consultant, some of the
work being donme in his lab, and later 2) to carry out actual ground training,
pre-flight testing and in-flight measurements under Dr. Chiles' direction.
The budget requirement for the latter would be approximately $50,000 per
flight, for the Edwards studies approximately $100,000 per year for 3 years.

Questioning with regard to the comnsiderable period of 35 hours pre-flight
training brought out that it takes 20 to 25 hours to come up to an asymptotic
level of training and about 10 hours would be needed for collection of

ground pre-flight data. A considerable part of the training could be done

up to 6 months before flight but about 15 hours would need to be worked into
the critical two months before launch. Thirty minutes, three times a day
each day would provide a good window on ecircadian relationships, but this
objective could probably be reached by two times a day two or three times a
week 1f the time of day of test is varied. Dr. Chiles thought that time of
test period might be cut to 20 minutes, although 30 minutes was much preferable,
but all six tasks would need to be maintained.

Committee Opinion and Recommendation: The present proposal should not be
recommended for approval. The committee felt that the approach of time-
sharing multiple tests is sound and that the choice of tests was good, but
that it was impossible to assume that current experience and conclusions of
validity with respect to 1-1/2 to 4 hour test periods could be applied to
test periods of 30 minutes; studies would have to be made of the usefulness
and validity of "short" test periods. The committee recommends to MAC that
Space Medicine staff take up with Dr. Chiles the possible submission of a
proposal for ground-based (only) studies of the validity of short period
testing with the type of testing proposed presently, presumably with pilots
and perhaps students. Such a proposal would probably require 1) $500,000 for
fabrication of two ground units suitable for the studies and 2) $100,000 per
year for 3 years for support of the research.

The competence of Dr. Chiles in this field and his capacity to do the work
was accepted.
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December 2, 1966

Dr. E. J. McLaughlin

. Secretary, Medical Mvisory Council

“Code MM

Kational Aercnautics & Space Administration
washingtoi, D. C. 26748

Dear Ed:'

Don Whedon has made an accurate report of our discussion
with Dean Chiles and I concur in his recommendations. Would
Don consider adding the following paragraph at the end of the
report, immediately preceding the recommendation, for explan-
atory purposes. It does not change the sense of the report.

"It is worth noting that Dr. Chiles' work on a
performance test battery for astronauts is the most
advanced item currently available for this purpose.

No other experimenter has worked on this problem for
80 long a period of time nor has brought a test bat-
tery to his stage of development. Bryce Hartman of the
Air Force School of Aerospace Medicine developed a
similar battery but Chile's battery has been more
thoroughly tested. Edwin Fleishman of the American
Institute for Research has started a fundamental

study of the factors which should be represented in a
performance test battery but he has not yet developed
an actual test. As we know, Milton A. Grodsky of
Martin Company, balt lwore, and cthexr:z take an oppos ing
point of view that the astronaut's status should be
measured on operational tasks rather than on a test
battery. MNo steps have been taken to resolve these
alternative viewpoints.®™

Cordially,

Jesse Orlansky
JO :mh



WEIGHTLESSHESS AND MANNED SPACE FLIGHT

MEDTCAL DATA TO DATE
ABSTRACT

PRESENTATTION TO INSTITULE OF ENVIRONMENTAL SCIENCE:
5. P. VINOGRAD, M.D.

NOVEMBER 30, 1966

Medical data obtained from msnned space flight to the end of the Gemini
program is reviewed. These data are dexived from in-flight medical
experiments and from operational medical procedures. Observations
include nmeasurenments of cardiovascular function, the musculoskeletal
system, blood anmd bloocd volume, fluld and electrolyte balance, endocrine
activity, sleep, and vestibular function.

Althougn data 1s still neager in some aspects, certain trends appear to
be emerging. None of them have been associstbted with overt symptoms or
signs of dysfunection in oux flight crews. i

Space flight medical data have showm a reduction of tilt table tolerance,
decreased bone density, increased calecium and nitrogen output, dehydration,
decreased red cell mass, and altered plasma volumes. Although single etio-
logical factors are exceedingly difficult to identify, cardiovascular and
muisculoskeletal changes might logieally be attributed primarily to a com-
bination of welghtlessness and relative inacvivity. Decreased red cell
mass, shortened red cell life span, and incressed red cell Ffregility are
thought to be most reasonably referable to both the high oxygen atmosphere
and, again, to relative physical inactivity. PFindings indicate that
dehydration and altered plasma volume are not necessarily equaveble.

There is little guestion that both are relatsble to thermal stress. Atv
the same time, both changes may also reflect the influence of weightless-
ness on body fluid distribution.
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MEDICAL, ASPECTS CF ARTIFICIAL GRAVITY
I
MANNED SPACE FLIGHT

An lnportant problem confronting space medicine today is the so-called
G-Decision. Does men need artificial gravity to fulfill his mission tasks
while exposed to prolonged periods of weightlessness? The decision is
important and urgent because it could have very fuﬁdamental effects on
the design of spacecraft for long-duration missions. This paper 1s en
analysis of lmown medical Ffactors which must be considered in arriving at a
final decision. The discussion is arranged in four sections: (1) Vestibular
Effects, (2) Cardiovascular Effects, (3) Other Problems, and () Scientific
Requirements.

1. VESTIBULAR IFFECTS OF WEIGHTLESSHESS: The vestibular organ

consists of two perts: (1)the otclith orgen which responds to position and
To linear acceleration* and (2) the semicireular cenaels, which primarily
responds to engular acceleration¥*, Anatomically, the two organs are closely

related to having peripheral receptors in the same organ, a common blood and

*Linear acceleration refers to change of speed, while angulsr acceleration refers

to change of direction with or without change of speed.



nerve supply and apparently a comrzon representation in the Central Nervous

System. However, functionally, the two senses are different. There is
B 2 )

evidence that anguler acceleration nay also effect oteolith function, but

the sense of position appears to be limited to the otclith orgen.

QTOLITH ORCGAN

This organ consists of gelatinous meterial at the tip of hair-like cells
(otolith) in two small fluid-filled chambers (utricle and saccule) of the
inner ear. 0tolith sensaticn is closely integrated in the brain with
visual orignﬁation sensations of position and movement from limbs, trunk,
and neck, and with touch and pressure sensations from the skin.

There 1s continous tonic input te the Central Nervous System from the
various receptor areas under earth conditions which is to some degree a&bsent
under veightless conditions. In Titov and scme of the other Russian
cosmonauts, there were reports of minor vestibular disturbances (nausea and

a
disorientation) which may be attributed to the ebsence of normal otolith

stimulation. The other cosmonauts and &ll American astronauts did not show

signs of significant vestibular disturbences.
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The possibility of recurrence of these mild vestibular disturbances
in future space Tflight cannot be excluded. Apparently some people are
sensitive to this kind of disturbance and at this time we have no selection
methods to exclude them. There are alsoc no relia?le training methods to
prevent these symptoms. However, the symptoms are not incapacitating and
according to Dr. Greybiel's experience in the slow rotating room we may
expect adaptation within a few days.

SEMICIRCULAR CANALS (ScC)

Angular acceleration effects the fluid (endolymph) in the semicircular
canals of the inner ear. Theze are three canals arranged in orthogonal
planes. Each canal contains a widening (empulla) in which the receptor
orgaﬁ (cupule) is ldcated.

Most disturbances of vestibular function (oculogravic illusion,
oculogyral illusion, Coriolus effect) are due to angular acceleration
(A. Graybiel, NASA SP-77, p. 217). These disturbances would not normally
occur in space flight without effective engular acceleration such as spacecraft
rotation. Therefore, they become important when a rotating source of

artificial gravity 1s considered as can be seen from the following analysis:



Oculogravic illusion 1s an apparent displacement of the visual field

(feeling of being tilted back, impressicn of cbjects in visual fleld rising)
¢

and is likely to occur when angular acceleration and gravity are acting in

different planes. Since the gravity force compenent ds not normally

present in space flight, this condition is not applicable to the current

discussion.

The oculogyral illusion is related to the oscillatory movement of the
eyes during angular acceleration (nystegmus) amlcauses the iliusion of
fixed objects moving in the direction of the angular acceleration. It will,
therefore, not mormally cceur in a non-rotating space vehicle, but it could
occur 1f an on-bosrd centrifuge 1s used or if the spacecraft is rotating
gbout a short radius.

Coriolus effect is the motion sickness which may cccur in & rotating
field when on turning of the head, s pair of semicircular canals 1s suddenly
brought into the plane of rotalion.

VESTIBULAR RESPONSE - SUMMARY

There is no evidence indicating that the agbsence of gravity in space

will cause any serious disturbances of vestibular function. Mild disturbances



of balance and orientation were observed in the Russian cosmonauts. None
of these reported disturbances, however, affected performonce to & degree
that would indlcate a medical need of artificizal gravity (NASA SP-77, 1965,
P. 217). On prolonged space flight (months or yegrs), the absence of
positional tonic input could change the sensitivity of the respone to
vestibular stimulation. Such a change of sensitivity would pot affect
astronaut performance in space as vestibular function is not required in a
normal non-rotating spacecraft.

There is no reason or evidence indicating a disturbance of semicircular
canal (SCC) function in space £iight. However, SCC would gay a major role
In the selection of a suitable habitable gravitational envircnment in a
rotating spacecraft. In this case, speed and radius of rotation must be
based upon medical-engineering tradeoffs.

2. CARDIOVASCULAR FUNCTION:

. BLOOD DISTRIBUTION

On earth, in the sitting or standing position, there is a marked

gravitational gradient along the long axis of the humsn body. This affects



o

o

blood distribution causing a shift of blood from the bead and trun

Fos

c to ‘the
legs. 1In the resting (prone or supine) position, the gravitational effect
on blood distribution along the long axis of the body is eliminated. Blood
distribution éuring weightlessness is largely quivalent to the earth-
resting position. Therefore, human activity in weightlessness is iuposed
on an organism with a resting ctype of blood distribubicn. The physiclogical

changes involved are the following:

VASCULAR TONUS:

filling end empiying of sectional vasecular beds provides a stress factor
thich 1s essential to the maintenance of vascular tonus. The graritetional
effect on vascular tonus is nmost pronouﬁced in the leg area due to the marked
differences of hydrostatic pressure in this area when changing positcion.
Under weightless copditions, the clinical effects of loss of vascular tonus

are enhanced by the loss of muscular tonus due to lack of activity. While

in-flight performance will not be affected by the loss of waacular tonus,



re-exposure of the body Lo an upright position in a gravitational field

may cause excessive drainage of bleood into the lower part of the bo which
Y

could impair performance capability. This is the phenomena noted in post-

flight tilt teble response.

BLOOD PRESSURE, BLOOD VOLUME

The absence of normal gravity in space will cause & shift of blood from
the legs to the chest and head. The regional blood distribution changes
will be manifested on the arterial side as & pressure change with minimal volume
change and on the verous side as volume change with minimal pressure change.

An increase of arterial pressure in the head and neck area due to the
&bsence.of gravity in space may a’fect the receptors in the great arteries
(carotid body). The result could be an inhibition of heart rate and respiratory

f
rate and possibly an inereased responsiveness to cardiovascular stress. For
example, the increase of heart rate in standard exercise may be greater than the
increase obtained under corresponding conditions on earth (G.A. Chase:
Aerospace Medicine, 37(12): 1232, 1966).
The increased blood volume in the grest veins of thé chest may inhibit

the normal release of antidiuretic hormone from the pituitary glend causing



an inereased urinary water loss (Henry, Gauer Reflex), (C.A. Gilbert
I
J. Appl. Physiology, 21(6): 1699, 1966).
Spaceflight cbservation as well as ground simulation indicate that the
cardiovascular effects of weightlessness are not progressive, but are

self-Jimited adjustment to the new environment.

PREVENTIVE AND CORRECTIVE PROCEDURES

If cardiovascular sdaptation to space is permitted, performance may
be impaired immediately after return to earth or when landing on some other
planet. Elastic pressure on the legs by means of leotards appears to offer
promise as a good protective device during this eritical period though this
is a temporary protection and not a correction of the underlying condition.

If it is considered necessary or desirshle to prevent cardiovascular
deconditioning during flight or to recondition the astronaut before re-entry,
pericdic application of negative pressure to the lower part of the body

by means of a specially designed device may be adequate (McCally: Aerospace

Medicine, 37(12); 1247, 1966).
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3. OIHER EFFECTS OF WEI

RESPIRATTON

Weightlessness ceauses some minor changes such as displacement of

diaphragm end change of pulmonary blood flow which are not discussed here

as they will not affect the "G-Decision.

MUSCLES AND BONES

Loss of muscle mass and decalcification of bones are not due directly to
weightlessness, but to relative inactivity and can apperently be prevented
by properly designed exercise. Specizl exercise cquipment is being developed

and procedures are being defined for use in spaceflight to prevent degeneration

of antigravity muscles and of beny supporting structures.

MUSCULAR CCORDINATION

Traditionally, the sense of position and movement is largely gravity

dependent, however, muscular ccordination did not pose any preblems in

short-duration flight and is less likely to do so with the prolonged

adaptation during extended space flights.



WORK PERFORMANCE

Welghtlessness obvicusly facilitates any tesk such as 1

.

fting where
gravity normally plays a major inhibiting role. On the other hang, gravity
provides a stabhilizing factor for the human operator. In the absence of
grevity stabilization, artificial restraint and support devices must be
provided. The difficulty of providing completely adequate restraint may

cause. a decrease of efficiency (energy expenditure/work performed) in space,
according to results of GT-AI and XII. However, it sppears that the effect

of weightlessness on efficiency can largely be coatrolled by adeguate training,

planning, and adeguately designed restraints.

CELLULAR EFFECTS

Q S 1 -
n prolonged exposure to weightlessness, there may be some effect on
cellular growth, repair and on genetic function. There may also be synergism

with other stress factors such as radiastion. At present, such concepts cannot
2

be eliminated nor supported by adeguate evidence.
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DEBRIS, OPERATIONAL PROBLEMS

-

Asplration of free floating debris in the space cabin was once considered
& serious problem. However, no real ﬁroblems were encountered in actual
space flight.

Operaticnally, there is & human performance problem in weightlessness
due to objects floating freely and due %o the difficulty of handling fluids.
A small gravitational force (0.1 g) could eliminste these difficulties without
depriving the astronaut of the energy-saving effects of weightlessness. If
the above become real problems, they might be adequately controlled by improved
methods of ventilation and filtration.

4. SCIENTIFIC REQUIREMENTS:

Since the prime purpose of this paper is a review of possible operational
medical reguirements for artificial gravity in prolonged space missions, it
is only secondarily directed to the use of artificial gravity as a research
tool.

If long-duretion orbital space flights are to be considered as valid

simalations of interplanetary travel, the environment should be the same as



12
that plenned for use in interplanetary travel. Since rotation requirements for
interplanetary travel would creat unique engineering design and operational
problems, (re guidence and control, astroncmical observation, etc) precursor
orbital space flights should be used to\&efine'procedures which will assure

man's safety in a non-rotating, zero-g, interplanetary space vehicle.

The medical scientist sy, however, want one space vehicle with the capability
of producing by rotation a 1l-g gravitational field, with some other habiteble
part of the same space venhicle complex at O-g. This would permit controlled
study in depth of the effects of the effects of weightlessness and make it
possible to separate other envirommental factors from%he effects of weightlessness.
There is currently, however, no apparent need for.applying these requirements
to all space vehicles.
SUMMARY:

1. Vestibular function will not be & critical factor in making a.
decision whether artificial gravity is required, but it would be an important
factor in the medical-engineering trade-off if rotation was required for other

Ireasons .

A
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2, According to presently available knowledge, the cardiovascular
effects of weightlessness can be dealth with adequately without the help
of artificial gravity. However, suitably induced artificial gravity could

be beneficlal to the cardiovascular system.

~

3. Deterioration of muscles and bones can apparently be prevented
by properly designed_exercise without the need of artificial gravity.

i, TFor ordinary maintenance tasks, & small gravitational force would
be advantageous but cannot be considered a requirement.

5. The medical scientist would like to-previde a precursor orbital space
flight with the same gravitational environment as the one to be used for future
interplanetary travel.

CONCLUSTON:
E&zsﬁ('*ﬁaé}bf
According-to presently evailable evidence, weightlessness does not

pose any medical problems which require routine use of artificial gravity.
The occasional use of artificial gravity as a research tool in a space vehicle

_ should be considered.
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IMPLICATION FOR FUTURE SPACE FLIGHT

If man does not take an earth-gravity environment zalong into space,
it is logical to expect that he will incury’ some physiological and/or
psychological change caused by the zbsence of gravity. As noted above,
some of these changes are known and Predictable, oghers may only become
apparent in some future space flight. NASA has a well defined program of
medical experiments which usesan increment gpproach to detect and measure
early chenges In man's function or performence. Where necesgsary, remedial
Pprocedures will be developed before proceeding to more prolonged space flight.
Therefore, the conclusion that artificia; gravity is not required under

normal operational conditions is based on confidence in the medical experiments

Program.
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WELCOME

From The President

The American Academy of General Practice was the first medical organization to
recognize that a physician’s professional qualification does not end with his diplomacy
or residency. Doctors can no longer remain status quo. Careful attention had to be
given to his continued professional growth. One of the mediums open to a physician
for his continued postgraduate education is conventions.

A convention is a great school for the study of the thoughts of the leaders in
clinical medicine. At a convention one gains direction, enthusiasm and momentum. It
also gives to the physicians an opportunity to become acquainted and involved in their
organization and programs. As .a respite from zealous -attention to the sciertific
ptograms, one may socialize,- make new vauaintanc’E—s‘-Jand—J:'ene"w old acquaintnees.

As your President and spokesman on behalf of the New Yotk State Academy of
General Practice, I warmly welcome you to this Convention.

Max CHEPLOVE, M.D.
President

ANNUAL BANQUET — WEDNESDAY 7 PM. — TRIANON BALLROOM
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FROM YOUR EDITOR

Besides reporting the events and news
items of the convention, it has occurred
to us that the membership might be in-
terested in getting a cross section of the
thoughts and ideas that fill the minds
of many of your A.GP. members.
Therefore, in this and in the follow-
ing issues of the “Daily Bulletin” you
will find an assortment of articles by
many of your officers and county presi-
dents as well as one by our national
president Dr. Carroll L. Witten. Dr.
John N. Edson, an ocutstanding_ clinician
and educator, Director of Medicine at

the Long .Island College Hospital in .
Brooklyn has also favored us with an.

article.
MarzIN MARKOWITZ, M.D.

A most sincere welcome to CONVO
67. Qur convention offers a diversified
timely, interesting and imstructive pro-
gram of superior quality aimed di-
rectly at the general practitioner. As an
innovation, it also offers your wife an
interesting and exciting, long to be re-
membered three day experience while
you are busy at the Convention.

Check our scientific and social menus.
I am sure you will agree with your con-
vention committee that they are supetb.
With your cooperation, we can make
this convention, CONVO &7, outstand-
ing. Show your wife the ladies pro-
gram, direct her to the hospitality rooms
on the 5th floor and 1 am sure she
will be very busy for the duration.

Daoctor, don'’t just go to the convention.
Go to the convention to attend all the
scientific assemblies, to see all the scien-
tific exhibits, to greet and socialize with
your fellow general practitioners”from
all over N. Y. State and even our neigh-
boring states, to attend the G.P.’s prestige
social affair of the year; the Banquet that
honors our outgeoing president, Max
Cheplove, and of tremendous importance
to see and hear all about the presenta-
tions of our technical exhibitors. Remem-
ber that your cooperation in visiting these
technical exhibits, in discussing their
products with the exhibitors and in ex-
pressing a sincere interest in their presen-
tations is THEIR IDEA of a successful
convention. This is a must if we are to
encourage the year after year return of
these high quality exhibitors and is 2

_ “mast if our conventions are to continue

to be of high quality.
~ Please tell me how you enjoyed CON-
VO 67 before you leave.
GEORGE LIBERMAN
Chaivman

NOW MORE THAN EYER — EVERY G.P. NEEDS THE A.AG.P,
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GREETINGS FROM
YOUR NEW PRESIDENT

The greatest honor one may receive is recognition by his peers. It is, therefore,
with great humility and sincere pleasure that I accept the honor you have bestowed on
me by electing me to serve as your President this coming year. This year promises to
be very challenging and exciting and will require the whole hearted cooperation of
all the officers and members of The Academy. I know I can count on their support.

I take this opportunity to welcome all of you to this Nineteenth Annual Scientific
Assembly. From the lectures arranged, I am certain you will absorb a great deal of
worth-while information which will help you function as good family physicians.
From our several social functions, you will enjoy meeting friends and return home
with fond memories of a very pleasant stay in our fun city.

A great deal of effort goes into the successful running of 2 meeting of this
magnitude and many people must of necessity help in its planning. We were very
fortunate in finally engaging Larry Kennedy as our Executive Secretary and his
guidance and assistance has been invaluable.

Special appreciation must be given to Dr. George Liberman as Chairman and
Dr. Leo Swirsky and Dr. Adrian Lamos as Co-Chajrmen of this Scientific Assembly,
for a fantastic job well done. To Mrs. George Liberman and her Co-Chairmen, Mrs.
Leo Swirsky and Mrs. Theodore Tanenhaus our congratulations for the complete
educational artistic and enjoyable plans for our ladies. They are certain to remember
their visit here for a long time.

To all our sponsors and exhibitors goes our everlasting gratitude for making this
meeting possible. To our guest speakers who have so generously given of their
time and knowledge that we may increase our store of information to enable us to
better serve our patients, our sincere thanks. To the Manager and staff of the Hilton
Hotel, my great admiration for a job well done with politeness and dispatch. To everyone
who has helped in any way, my personal thank you.

Lawrence Ames, M.D., Presiden:
New York State Academy of General ‘Practice

ANNUAL BANQUET — WEDNESDAY 7 P.M. — TRIANON BALLROOM
‘ 3
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FIRST DAY SCIENTIFIC SESSION AND PANEL
MORNING SESSION

SPACE MEDICINE

GEORGE LIBERMAN, M.D., Charrinan

GREETINGS:

Howarp J. BrownN, M.D.

Health Service Administrator
for the City of New York

}OSPH RoBiNsoN, M.D.
Chaitman, Edncation Commiitee,
N.Y.§.4A.G.P.

AWARDS TO ESSAY WINNERS

RoserT A. Moore, M.D. S. P. ViNoGrAD, M.D.

Medical Director National Fund for Director of Medical Science and
_ Medical Education Technology in N.AS.A.
Former Dean, Downstate Medical Center ~ INFLIGHT MEDICAL INVESTIGATION
TRENDS IN MEDICAL EDUCATION  INTO MANNED SPACE FLIGHT

AFTERNOON SESSION

NUCLEAR MEDICINE

SAMUEL LIEBERMAN, M.D., Charrman

DAVEDCHARKES, M.D. LES"ER Levy, M.D.

Division of Nuclear Medicine, Dijvision of Nuclear Medicine,

Temple University Hospital, Philadelphia, Pa. Long Island [ewish Hospital,
PRESENT PRACTICAL USES OF New Hyde Park, N. Y. :
RADIOISOTOPES IN THYROID OTHER USES IN RADIQISOTOPES
DIAGNOSIS IN ORGAN FUNCTION STUDIES

Drs. CHARKES AND LEVY
RADIOISOTOPES CYNTA SCANNING OF
LIVER, BRAIN, LUNG, KIDNEY, BONE, HEART, ETC.

PRACTICAL DEMONSTRATIONS — QUESTIONS AND ANSWERS
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FAMILY PRACTICE

JouN N. Epson, M.D.
Director of Medicine
Long Island College Hospital, Brooklyn, N. Y.
Including the Prospect Heights Hospital
Hospitals with an Integrated General Staff

Must the modern medical school produce nothing but medical scientists? Where
are the Generalists of tomorrow that the progressive medical educator has designated
as the new primary physician? Who /s, going to replace the general practitioner
whose ranks ate thinning rapidly? These and many similar questions plague us
every day.

Medical educators are aware of the shortcomings of the present program. In
fact, at such schools as Harvard and Johns Hopkins, new curricula are being tried.
Accelerated  programs with more freedom of choice are now being offered, but
only to unusually bright students. Actually, the subject material covered by these
programs is very similar to that in the present curriculum.

The Report of the Ad Hoc Committee on Education for Family Practice of the
Council on Medical Education of the American Medical Association begins to point
the way. Each of you should read it, if you have not. Emphasis is placed on pro-
fessional excellence along with a more humanistic approach to the family and its
problems. The Committee implies that there must be excellence of training, including
a residency in Internal Medicine and Pediatrics at least, and that to such a program
should be added Community Medicine, Sociology, Social Psychology and Anthropology,
as well. The program envisions 3-4 years of intern-residency training after medical
school.” One of the most important statements in the Report appears in the Appendix:
“However, the crucial consideration is not how many facts the physician  knows,
but rather the principles and concepts he learns, his ability to find and use new in-
formation as it is developed and his skill in problem solving.” To that statement
should be added a skill in recognizing problems beyond his capacity.

The principles and goals of the Report are beyond reproach. However, it is
doubtful that many medical students would be interested in such a program. Most
students recognize the difficulties inherent in attaining excellence in one field, let
alone two or more as well.

How can the problem be solved realistically? Here are some guide lines: 1)
An evaluation should be made of the sociological and psychological motivations
which turn a physician toward Family Practice rather than Medical Science for a
career. 2) ‘The patterns derived from such an evaluation should be applied to the
admission of high school graduates, not college graduates, to a time accelerated
program—time accelerated, but not fact accelerated, because the students probably
will not be the “smartest” students according to present measurements. 3) A college
and medical school curriculum should be devised which teaches science, humanities and
medicine all together. For example, the considemution of sodium and potassium and
the Donnan equilibrium across a semi-permeable membrane in a basic chemistry course
should be related immediately to the nephron and to hemodialysis: or the conditional
reflex in psychology should be related directly to family bebavior. By such inter-
weaving of basic science, humanities and\ medicine, the program can be much more
dramatically taught; and the course can:be shortened to 5-6 years. Such a time schedule
would allow adequate time for a residency program within an eight year period. 4)
The Academy of General Practice should be the motivating force toward such a
program at all levels. You must concern yourselves with the education of your replace-
ments as well as with the education of yourselves.
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THE A.A.G.P. NEEDS EVERY G.P. R
EVERY G.P. NEEDS THE A.A.G.P.
Smney J. KoHrg, M.D.

Vice-Chairman of Membership
Chairman, 1968 Convention

During the past year the N.Y.5.A.G.P. has increased in size by many hundreds

of new members and, as Vice-Chairman of Membership and Chairman of the 1968 It s
Convention, I look forward, with a great deal of pleasure, to meeting many of these there are
new members at our conventions. : Beca
The Scientific Program of the 1967 Assembly is an excelleat one and a good I have a
example of one of the many services the N.Y.S.A.G.P. performs for its members. Of ¢
For years our organization has been trying to convince non-member G.P.’s of the or in tow
importance of Membership so they could participate in a strong collective voice, pro- ? there is
tecting their own interests in the medical world, The N.Y.S.A.G.P. has been successful “together
in preventing loss of hospital privileges and even restoring some privileges that had Wh
golden, s

already been’ lost.
It is with mixed emotions that we note that some of our new members have joined A s

because they now see the hand writing on the wall. result: ar

A problem has arisen that may pose a financial threat to non-member G.P.s. between |
The Health Service Administration of New York City set up the following require- have the
ments for Certification of G.P.'s to treat Medicaid patients, (or at least to get paid "The;
for treating Medicaid patients): occasiona

1. Applicant must hold current appointment in a voluntary or 2 municipal hospital Siog of tl

to doctor

approved for internship training, or
2. Applicant must be a member in good standing of the American Academy of Old

General Practitioners, or help in t

3. Present evidence of having completed during calendar year 1965, 50 hours of to help ir

post-graduate education approved by the A.A.G.P. or other appropriate professional wonder ¢

body, or The

4. Present evidence of having completed a total of 100 hours of post-graduate 4 dancing,

medical education approved by the AA.GP. or other appropriate professional body Aga

from January 1, 1961 to October 1, 1966. learn, wa

General Practitioners who are not qualified as above will be allowed to treat i “See
Medicaid patients for a period of six months from October, 1966. If they have not

qualified by then they will not be certified to continue treating Medicaid patients.

Commissioner of Health Ingraham has accepted these New York City qualifications e

and has endorsed them for the entice State. a special

If the above requirements are adbered to it can readily be seen why it would be Conventi

to ones advantage to become a member of the N.Y.S.A.G.P. Largest F

We welcome this influx of new members into our organization, a larger enroll- We

ment will be most helpful. The G.P.’s position in Medicine is not static and we need many fac

a strong united voice to protect our interests. Never before was the motto more true, reduction

“The A.A.G.P. need every G.P. and every There wi

G.P. needs the A AGP.” _ Banquet,

Before I conclude, 1 would like to take this opportunity to announce that we have 2 wo&dex

ot

ANNUAL BANQUET — WEDNESDAY, APRIL 5, 7 P.M. — TRIANON BALLROOM
6
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REFLECTIONS ON CONVENTION GOING—
FEMININE VIEWPOINT '

PEARL LIBERMAN

ey

Chairman, Ladies Convention Committee

y hundreds ; i

 the 1968 It seems to me that in the specialized existence of being a “Doctor’s Wife,”

1y of these there are dimensions added by distaff involvement with a medical convention.

' f Because convention going is relatively a new part of our life (some four years),

nd a good I have a definite point of view.

embercs. Of course, there are various kinds of convention going, — in town — out of town —

P’s of the or in town but hotel residence for the duration. No matter which you are involved in,

voice, pro- T there is in all of them a basic rare ingredient — that much maligned thing called

1 successful “togetherness.”

S el Whether you come by car, or by plane, or even by subway together, there are
golden, stolen hours — completely out of character to your day in and day out life.

have joined A sudden confrontation with your doctor in the lobby or in a meeting room —
result: an unexpected invitation to lunch or for cocktails; a few quiet minutes of talk

ber GP s between meetings; the theatre on a night notmally dedicated to office hours — all these

ng require- have the sweet f.lavor of Fhe spontaneous and unplanned. :

o get paid Then there is the business at hand—togetherness of exhibit visiting and even the
occasional lecture for two. But when the lecture is beyond the interest or comprehen-

pal hospital sion of the doctor’s wife, there is yet another kind of togetherness — the doctor’s wife
to doctor’s wife.

\cademy of Old friends, new friends, old viewpoints, new viewpoints, professional, social, to
help in the office, recipes, advice, children, office hours, shopping, gallery hopping, not

0 honrs of to help in the office, hours of female talk, more hours of doctors’ wife talk — the constant

Sofessional wonder of the universality of experience, upstate, downstate, all around the state.

: Then, the icing on the cake — black tie, gown, tinkle of ice and more talk,

\st-graduate : dancing, ‘good food and good talk, a_littie politicking, future dates, farewells.

ional body Again, the lovely hours of the trip home — the who did you see, what did you
learn, was it a rest (definition of a rest: any change of activity), was it worth it?

: _ “See you again next year.”

&d hgfretfit | Pear] Liberman, Chairman

e Ladies Convention Committee

talifications a special treat in store for our members. We are holding our next, the 20th, N.S.A.G.P.

Eould be Convention May 5-9, 1968, (Scientific Assembly May 7-9), at the Concord, the World’s

Largest Resort Hotel.

ger enroll- We will have an excellent Scientific Program and in addition we can enjoy the

e e many facilities of this fabulous resort. Our members‘ will receive a considerable group
fe o reduction from the regular hotel daily rate. There will be free golf (on two courses).
il every’ There will be complimentary Cocktail Partics, there will be no extra charge for the

Banquet, and the food and entertainment at the hotel is unsurpassed. We will all have
at we have a wonderful time.

Note the dates and plan to enjoy a convention and vacation at the same time.

OOM DON'T BE A WET BLANKET — ATTEND THE PRESIDENT'S BANQUET
>
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BANQUET

M

WEDNESDAY NIGHT, APRIL 5TH Banquet
Trianon Ballroom T'h
: - Convent
Be There — Your Friends Will Be : Now Gt
Cocktails . . . 7:30 P.M. Th:
¢ April 5t
= 8 P.M,,
Toastmaster ... GEORGE LIBERMAN, M.D. W
Convention Chairman : f
social ey
THE NATIONAL ANTHEM Th
Invocation ... RIGHT REVEREND RAYMOND P. RIGNEY gourmet
Superintendent of Schools Pl
Azchdiocese of New York City =
reservat
Greetings CARROLL J. WITTEN, M.D.
President, American Academy of General Practice — =
Retiring President’s Remarks . MAX CHEPLOVE, M.D. SC
President’s REmarks ..o s LAWRENCE AMES, M.D. v
our
Entertainment and Music by: cafefulll?
; Scientifi
LESTER BRAUN & HIS SOCIETY GRCHESTRA to you t
Dress Optional : and are
M. THEODORE TANENHAUS, M.D. ] velopme
Banguet Chairman escaped
engaged
TICKETS AVAILABLE AT REGISTRATION DESK the S
or from your Banquet Chairman ample
these e
; = tant you
R el f}ilfst hlar
these lal

AN ARMY TRAYELS ON ITS STOMACH — A CONVENTION ON ITS EDUCATIONAL GRANTS
AND TECHNICAL EXHIBITS

10
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T
; PRESIDENTS BANQUET

The G.P. Affair of the Year

M. : ,e. Tanenhaus
Banquei Chairman

The outstanding “Fun Happening” and Prestige Affair of our Nineteenth Annual
Convention will be the Reception-Dinner Dance honoring our retiring President, Dr.
Max Cheplove, and our President-elect, Dr. Lawrence Ames.

This will be held in the beautiful and lavish Trianon Ballroom on Wednesday,
b April 5th. Cocktails unlimited will be served starting at 7 P.M., dinner and dancing at
8 P.M,, to the rhythmic, tantalizing and gliding music of Lester Braun’s Society orchestra.

AN, M.D. We remind all of you, and especially your wives, of the entertaining and delightful
social evening.
This is our Prestige Affair — with a multitude of bonuses — which includes a
RIGNEY gourmet meal — all this for only $17.50 a ticket — dress optional.
Please contact the Banquet Chairman, Ted Tanenhaus, for your tickets and table
reservations.
EN, M.D.
VE, M.D. SCIENTIFIC EXHIBITS TECHNICAL EXHIBITS
S, M.D. S s :
L onc saientific Exhubieaghtc Sheen Technical Exhibits are the life blood
carefully selected and screened by your of any Assembly; treat them as such. As
' Scientific Exhibit Committee. They bring you walk, not run, down the spacious
to you the latest in scientific achievement aisles, remember that these people are
and are a revue of many of the latest de- here for a purpose. You are here to
| ] dici L PN fearn; they are here to show and tell you
Gephments in mudicing Sil R R all about the products made expressly for
escaped your attention while you are use in your practice. This is your oppor-
engaged in your busy practice. Here at tunity to correlate and evaluate the prod-
the Scientific Assembly you will have uct and the claims made before you put
ot s i o mine them into practical use. We have made
aﬂ“ple S EpicA SHORING.
Ciecroibibs ane Yo D Dol D by having everything of value under one
tant you will have the chance to c‘lueshon roof, in one place. You can easily say,
mHI""I"”N"Hﬂ“m first hand those who are responsible for “Thank you for your support,” by stop-
these latest medical gems. ping at all exhibits.
L GRANTS

¥YISIT AND REGISTER AT ALL SCIENTIFIC AND TECHNICAL EXHIBITS
11
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T.V. REPLACES M.D.

Doctors, listen to my call

Tear your shingles off the wall

No need to show off your M.D.

To take your place there’s now T.V.

If you think my words disturbing

‘Turn on your set and hear the blushing
Youll find there’s not a single ill

For which they do not have a pill.

Backache ills,—take Doan’s Pills
Insomnia wrecks,—there’s Sominex
For headaches brethren,—take Excedrin
Nervous,—Compoz; Sleepy,—NoDoz
No need sufferin,—just take Bufferin

If you wish to cough no tmore
Rush and get Vick's 44

Itching, bleeding from the rear
Relax pals! Preparation-H is here.

And so on and on it goes
To cure all ills from head to toes

Now, Doctor, I'm sure yowll agree
That there’s no need for you and me
Though our motives are commendable
It's plain to see we are expendable.

MARTIN MarRKOWITZ, M.D.
Brooklyn, N. Y.

N. Y. S. /
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PAST-PRESENT-FUTURE

Samuel Lieberman, M.D.
Bronx, N. Y.

It pechaps ill befits the youngest? of the Elder Statesmen of NYSAGP to philo-
sophize, but pardon my sclerosis, We who are of the Academy these past years have reason
to be proud of our accomplishments. To us was bequeathed the laurel of Post-Graduate
Education, by our founders, and with it the stamp of a Doctor who made every effort
to keep abreast of the times and deliver to his patients the best possible medical care.
We have reason to be proud of that heritage for it has placed upon us a badge of
honor shared by no other Medical Group. We have reaped our reward from the past.

The present finds us in a rapidly, ever changing stream of Medical Practice,
with a Fourth Party now involved in our destiny, namely, Government, both Federal
and State. There has been placed upon our practice certain restrictions, some of which
we have earned and some which we inherited as a result of our prior co-operation
with the Third Party in Medical Practice. We may justly be proud that the State has
recognized that membership in the Academy of General Practice is a mark of dis-
tinction and qualification for participation in the Medicaid Program. For the role
that third parties have played we owe no thanks. As a reward for our participation in
their plans and for acting as Co-insurers along with them, in providing care to those
in limited income groups, we have had our co-operating fees submitted as usual and
customary fees of the area. Perhaps we are indebted to them; for awakened by their
chicanery we have in a much larger measure refused to participate in their new plans
for the present and future.

The present has also brought us a large influx of new members, who here-to-fore
were not interested in our aims but now faced with the wish to take care of many of their
patients who come within the Medicaid scope have joined in our post-graduate edu-
cation efforts. A hearty welcome to all of these Johnny-come-lately’s; may they long
stay with us and benefit from association with us despite the fact that certain educa-
i tion restrictions may soon be removed by the State.

The future? All reports point to a fact which has long been known to us. There
is to-day a greater need than before for a doctor who can give continuing care to the
patient and the family. Suddenly it has been discovered that the G.P. is really needed
even though some have attempted to give him another name, to define the limits of his
practice, and to point out that he needs specialization in the field of general practice.
The PAST and PRESENT have shown, the FUTURE will substantiate, that there is
and always will be a place for the G.P., no matter what he is called. For sure, he will
never be relegated to limbo, families will always seek him out, — for nobody loves
him but the people he treats.

THE A. A. G. P. NEEDS EVERY G. P. — EVERY G. P. NEEDS THE A. A. &. P.
13
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Do You Need

Medicare Information?

IF YOU HAVE ANY QUESTIONS REGARDING
MEDICARE PART B,
WE INVITE YOU TO VISIT THE U.M.S. BOOTH (#20)

DURING YOUR TIME AT THE CONVENTION
OR CONTACT . . .

UNITED MEDICAL SERVICE, INC.
TWO PARK AVENUE
NEW YORK, N. Y. 10016

L * #*

TELEPHONE: (212) 340-513]
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VISIT AND REGISTER AT ALL SCIENTIFIC AND TECHNICAL EXHIBITS
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WE SUPPORT FAmMous CARICATURE ARTIST
£ TO SKETCH CONVENTION
L THE | VISITORS
FAMILY PHYSICIAN Joseph Kaliff, caricaturist extraordin-
aire, will be available thru the courtesy
of Sandoz Pharmaceuticals on Wednes-
day, April 5, from 10:00 A.M. to 5 P.M.
to sketch visitors to our convention.
LTS To give you some idea of the “league”
AMFRE-GR ANT INC in which Mr. Kaliff travels the following
= T S are some of his credentials:
COROVAS TYMCAPS He has sketched four presidents —
and F. D. R, Truman, Eisenhower, J. F. K.
NEQ-COROYAS TYMCAPS Also—Jackie Kennedy, Stevenson, Ein-
- stein. His work has appeared in Time,
Professian?l Literature and Samples : Life, Look, Saturday Evening Post and
:&EE%BG%‘TZ;\FFQ?FTS Good EHousekeFeping. Arrar;)gemen;s for
924 Rogers Ave. Brooklyn, N. Y. 11226 your Miecmamenncfean br made af
: the Sandoz Pharmaceutical Booth #7.
L L] *
Somebody sick? Rent sickroom supplies.
Hertz Rent-All rents hospital beds, wheel chairs, walkers, whirlpool baths,
infra-red lamps, humidifiers, portable TY sets, ultra-violet lamps, and
exercise equipment. Name just about anything you need for a sickroom
and Hertz Rent-All has it. Prompt delivery and pick-up. = =
I¥'s as easy as one quick telephone call . . . e
HERTZ RENT-ALL PL 2-1881
Printers of the N. Y. S. A. G, P. "DAILY BULLETIN"
() e . .
Hiller Printing Corporation
33 Flatbush Avenue, Brooklyn, N. Y.
- UL 8-1712
Specialists in Organization and Convention Printing

THE G.P. IS THE ONLY PRACTITIONER OF COMPREHENSIVE MEDICINE
15
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Which of These Reasons
Is Most Important
To YOU?

v Participation in GHI means QUICK,
SURE PAYMENT.

» Participation in GHI means DIRECT
PAYMENT to participant.

v Participation in GHI helps preserve FEE-
FOR-SERVICE MEDICINE.

HEALTH

THROUGH

INSURANCE

GHI/221 PARK AVENUE SOUTH, NEW YORK, N.Y. 10003 + Prore: 777-5000

DON'T BE A WET BLANKET — ATTEND THE PRESIDENT'S BANQUET
16
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'MEDICAL ADVISORY COUNCIL
MEETING AGENDA
22 & 23 September 1966
San Antonio, Texas
Announcements: S. P. Vinograd, M,D,

OMSF Experiment Processing Procedures and Requirements:
Mr., William Armstrong, Executive Secretary, MSFEB

Review of Medical Experiment Proposals:

¢~ a. MOS0 - Metabolic Activity

& b, MOS51 - Cardiovascular Function Assessment
+~ ¢. MO52 - Bone and Muscle Changes

e~ d. MO18 - Vectorcardiogram

e——e. MO53 - Human Vestibular Function

. MoEL T Swelogical study (EEG)

v g. MOS5 - Time and Motion Study

«~h. MO23 - LBNP (for AS205)

[

Protocol for October Chamber Study
Pauline Mack and Cox Coronary Institute Proposal
Garrett Proposal of Three Metabolic Experiments

Review of Pre-Proposal by Dr. Hans Zinsser (Urinary Stone
Precursors)

Discusgsion of Dr. Mueller's Two Questions and Letter. Comments
Following Review of Gemini 7 Medical Experimental Findings.
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MM August 29, 1966

Dr. George D. Zuidema

Chairman, Department of Surgery
Johns Hopkins University
Baltimore, Maryland

Dear George:

At the termination of the Gemini medical experiments review,
Dr. George Mueller asked twe question, namely;

a, Are we using the best set of measurements of bodily
functions to determine the degree and kind of adaptation to
the space enviromment?

b. In what direction should we go in our experiment
development te better observe human systems, states, and
performance?

As a member of the Science and Technology Advisory Committee
whe attended the presentation, I would appreciate your answers
te these guestions.

Sincerely,

Original Signed By:
Jack Bollerud, Brig Gen, USAF, MC

Jack Bellerud

Brigadier General, USAF, MC
Acting Director, Space Medicine
¥Yanned Space Flight

JBollerud:djc:8/29/66

same letter to: William H. Sweet, M.D.
Chairman, Department of RX¥X Neurosurgery
Massachusetts General Hospital
Boston, Massachusetts




MM August 29, 1966

Dr. Lawrence F. Dietlein

Chief, Biomedical Research Office
Code: DB

Manned Spacecraft Center

Houston, Texas

Dear Dr., Dietlein:

At the termination of the Gemini Medical Experiments Review,
Pr. George Mueller asked two questions, namely;

&, Are we using the best set of measurements of bodily
functions to determine the degree and kind of adaptatien to
the space environment?

b. In what direction should we geo in our experiment
development to better observe human systems, states, and
performance?

As a member of our experiments team I would like your answers
to these questions,

I also wish to personally thank you for attending the meeting at
the Kennedy Space Center and wish to apolegize for the numercus
changes in schedule. Your presence and well prepared presentation
was appreciated.,

Sincerely,
i

[D-riginal Signed By:

wack Bollernd i SAT. MO
325% Sgldotin Bk Gon, USIT, KC

Brigadier General, USAF, MC
Aeting Director, Space Medicine
Manned Space Flight

The above letter sent to the following people:
Dr. Rmbert L.‘Maulsby Dr. Pauline Beery Mack
Dr. Leo Lutwak Dr., Harry S, Lipscomb

Captain Ashton Graybiel
Dr. Charles A, Berry
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Purpose

As the mission duration of United States manned space flight in-
creases, it is necessary to further verify the physiological
suitability of the current spacecraft atmosphere.. Therefore, the
main purpose of this experiment is to valddate a 60-day human ex-
posure to 100% 0, at & total pressure of 258 mm Hg.

Since many of the physiological parameters necessary for this
validation are investigated by inflight biomedical experiments that
have already been designed for Saturn IVB, this study will make

use of these biomedical procedures whenever possible. This will
provide a validation of these procedures as well as an additional
source of basellne data for the evaluation of inflight responses.
To further aid this evaluation one-half of the control and on~half
of the experimental subjects will be exposed to complete bedrest.
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Experimental design

A.

Overall

The independent variables in this experiment are 100% 0. at

a pressure of 258 mm Hg and bedrest. The dependent var§ables
are a series of biomedical measurements designed to evaluate
the physiological response to the twe independent variables.
Control data for the 1009 O_ atmosphere is to be obtained in
two ways: 1) by having a cOntrol group of subjects who will
not be exposed to the 100% O, environment, and 2) by obtaining
baseline and postexposure da%a on the experimental sub iects,
Control data for bedrest is alsoc to be obtained in two ways:
1) one-half of the subjects will not be exposed to bedrest,
and 2) by obtaining pre- and post-bedrest data on the subjects
who are exposed to bedrest. :

A summary of the experimental design is shown in Figure 1.

Subjects

A total of 8 subjects, 4 control and 4 experimental, will par-

ticipate in this study. Each subject is to be selected by a
complete physiological and psycholcgical evaluation. Because
of the necessarily small n, an additional criterion for the
selection of subjects should be the pairing of subjects be-
tween the control and experimental groups.

Experimental pericds

This study will be comprised of 3 experimental periods for botn
the control and experimental groups: 1) a pre-experimental
period of 14 days for training, acclimatization, and obtaining
baseline data, 2) a 60-day experimental period during which

the 4 experimental subjects (2 ambulatory and 2 bedrest) will
be exposed to a 100% O, atmosphere at a pressure of 258 mm Hg
while the 4 control (2 ambulatory and 2 bedrest) will remain

at normal stmosphere and pressure, and 3) an 8-day post-experi-
mental pericd.

Daily schedule

As it is desirable to keep the effects of abnormal scheduling

to & minimum, a normal 16:8, L:D (lights on 0600, lights off 22C0)
schedule is to be used for the duration of the study. In addition

the activity schedule of each day will remain as comparable as
possible. The lights-on portion of each 2h-hour period will be
divided with respect: to 5 major types of activity: biomedical
measurements, meals, psychological evaluation, and free time.
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Since the experimental and control subjects will follow identical
routines, it is planned to have the measurement of paired control
and experimental subjects occur simultaneously. Subjects not
being measured would be allowed to pursue the activity of their

cholce unless it would interfere with a subsequent messurement,

The same performance tasks are to be given three times every day
to each subject. A summary of the daily schedule is shown in
Figure 2.



Figure 1

SUMMARY OF EXPERIMENTAL DESIGN
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Environmental chambers

A.

Configuration

A separate environmental chamber must be provided for the
control and experimental groups, with each chamber of suffi-
clent size to accommodate 4 subjects, 2 of which will be
exposed to bedrest. Adequate area must also be provided

in each chamber for equipment needed for the biomedical
measurements and psychophysioclogical testing.

One of the environmental chambers must be capable of main-
taining a gas atmosphere at outlined in the following section.
Lighting intensity and control should be the same in both
chambers. »

Gas environment

During the pre- and postexperimental periods the gas environ-
ment for both the control and experimental subjects should be
of normal composition and pressure. An atmosphere of 100%

0, at a pressure of 258 mm Hg is to be provided for the ex-
périmental subjects during the 60-day experimental period.
There should be adequate means of sampling and controlling the
atmosphere at this level. Atmospheric monitoring for physi-
ological purposes will be described in more detail in section
IV.A. Trace contaminants and 002 should be remcoved using

L10H and charcoal.

Thermal environment
The temperature should be controlled at 75° F, :50 F, for both

the control and experimental Subjects during the entire study.
The humidity should be controlled at 40-70%.



IV. Physiological atmospheric valldation

A.

Atmospheric monitoring

In order to evaluate the physiological response to the
experimental atmosphere, both major and minor constituents
must be measured. Provision should be made for continuous
monitoring of the following gases: CO, 00 H2 CHM’
and N.. If continuous monitoring of any of these gases is
not pcéssible, a grab sample taken no less than every two
hours would be satisfactory.

In addition, cryogenic trapping of trace contaminants should
be done continuously starting 7 days before any subjects
enter the chamber. The sampling should be accomplished
using two sets of cryogenlc traps changed every 10 hours.
The generation rates of any trace contaminants are to be
calculated.

Metabolic and respiratory function

To test for any basic changes of metabolism, the basal meta-
bolic rate is to be measured. This measurement is to te

done on fasting, recumbent subjects lmmediately after arcusal.
The following parameters should also be obtained at the same
time: expiratory minute volume (V.), inspiratory minute
volume (V_), carbon dioxide production (V ), respiratory gas
exchange ratio (R), and alveolar gas 2 tensions. In
addition, blood pCOQ, POE, and pH are to be determined.

The schedule for data collection of these variables is:

Pre-experimental -T, =1
Experimental 1X/4 Days
Post-experimental ASAP

Pulmonary function is to be evaluated with respect to ventil-
ation capacities and diffusion capacities. Standard spircmetric
techniques are to provide the following measurements: forced
vital capacity, lung volumes, and maximum expiratory air flows.
These measurements are to be obtalned during the pre-experi-
mental period at -7 and -1 days. During the experimental
period they are to be measured 1X/4 days, and during the post-

~ experimental period at ASAP, +1, +3, and +5 days.

Diffusion capacity, alrwey resistance, and pulmonary volume/
pressure curves should be measured at -3 and immediately before
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V. Validation of Saturn IVB inflight biomedical experiments
A, Cardiovascular

1. Lower body negative pressure, tilt table, and phonocardi-
cardiogram :

a. Purpose

The detection of space flight cardiovascular decondi-
tioning (alterations in cardiovascular function which
degrades the performance of the cardiovascular system)
and the establishment of a time course of events that
may be related to changes in cardiovascular function
during a suited and non-suited space flight constitute
the purpose of this type of investigation.

b. Equipment and instrumentation requirements

Equipment: 2 Lower body negative pressure devices, &
automatic blood pressure cuffs with recording, 2 cardic-
.tachometers, 2 phonocardiograms (20-L0 cps bandpass) .

Instrumentation of subjects: Respiration, standard NASA
ECG, phonocardiogram.

¢. Requirements and procedures for collection of data

1) Tilt table tests are to be conducted in accordance
with standard NASA operating procedures.

2) Lower body negative pressure tests are to be conducted
on fasting subjects-early in the morning. Respiration,
phonocardiogram, and ECG are to be measured continu-
ously from 5 minutes pre-exposure to 5 minutes post-
exposure. The negative pressure device is to be kept
at -30 mm Hg for 15 minutes.

d. Schedule of data collection

Lower body negative pressure:

Pre-experimental -9, =2 days, -12 hcurs
Experimental 1X/7 days
Post-experimental +12 hours, +3,+4,+6 days

Passive tilt table:

Pre-experimental -10, -3 days, -2l hours
Experimental (None)
Post-experimental ASAP, +2Lk hours, +3,+5 days
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Response to exercise

a. Purpose
The purpose of this investigation is to determine the
crews' cardiovascular status by measuring their heart
rate increase during a gquantitated exercise load and
and the time required following exercise for their
heart rate to return to resting levels.

b. Requirements and procedures for collection of data
These measurcments are to be obtained using standard
laboratory ergometry techniques.

c. Schedule of data collection

Pre-experimental -8, -L, -2 days
Experimental (None)
Post-experimental +3 days after tilt tavle,
+6 days after lower uody
negative pressure

Hematology

a. Purpose
The purpose of this investigation is to delineate the
alterations in plasma volume and red blood cell mass
that occur during prolonged space fliiehiGs

b. Procedure and requirements

All determinations of plasma volume and red cell mass
are preceded by & 15-minute recumbent interval. Back-
ground blood samples are obtained pricr to each radio-
isotope series to correct for any previously injected
radioactivity. All plasma measurements are acccmplished
with iodinated human serum albumin tagged with I 57, The
radicasctive albumin 1is diluted with normal saline to a
concentration of 0.4 microcuries preflight and 0.8 micre-
curies postflight and placed in multiiniection bottles.
For ill preflight plasma volume determinations, 2 microcurics
£ I°°° as iodinated human albumin, are injected whereas
postflight 5 microcuries are used. Fifteen minutes
equilibration times are adhered to throughout the series.
All blood is drawn from antecubital veins into heparinized
syringes. The whole blood samples are then centrifuged,
the plasma removed, and 2, 1 ml aliquots from each sample
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Pipetted into counting tubes. Standards are Prepared
by diluting 2 or 5 microcuries of radioactive altumin
in 1 ldter of tap water. Non-rediosctive albumin has
been previously added to each standard liter volumetric
flask toc prevent adsorption of the radioisotope by the
glass. The standard aliquots are imnediately pipetted
for subsequent counting. A1l I.V. injections are

made using disposable plastic syringes, and the same
type of syringe is used in preparing all standards.
Nearly all recidual radicactivity in the dose sSyringes
is removed by irrigating them with 2 ml of water which
is then countrd. The infinite, total body radiation
€xposure per astronaut, for the entire Dlasma volume
s8erdies, is approximately 2.5 mrem.

The red cell mass determinations are performed by adding
a 15 ml aliquot of the astronaut's blood to 5 ml of ACD
solution contained in a Unitag Bag. Tglthis solution,
100 microcuries of sodium chromate (Cr°"P) are added.
After an incubation Perlod of 10 to 12 minutes at room

- temperature, 100 mg of ascorbic acid is injected into
the bag to terminate the tagging process. After
thorough mixing, a 10 ml aliquot of the incubate is re-
injected into the astronaut from whom the btlood was drawn.
The remaining incubate is retained for the preparation of
standards. A venous blood sample is obtained after al-
lowing an in vivo mixing time of exactly 15 minutes from
which a hematocrit is obtained and duplicate alicuots
of whole blood and plasma are submitted for radioisotope
determination. The blood remaining in the Unitag Bag is used
for determining the incubate hematocrit and pipetting
duplicate 1 ml aliquots into counting tubes. The remainder
of the incubate is then centrifuged, the plasma removed,
and 2, 1 ml aliquots of the Plasma pipetted into counting
tubes.

The erythrocyte survival half-times are measured from

the disappearance of chromium tagged red cells and are
corrected for changes in red cell mass. A sample obtained
2k hours after the injection of the radioactive cells is
used as the zero time for each survival determinaticn,
This prolonged mixing time is used to allow remcoval of
cells inadvertently injured during the tagging procedure.
The total_radiation dose delivered per astronaut, for the
entire Cr°~ red blood cell mass determination series, is
about 84.8 mrem,
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All samples are counted in an automatic scintillation
well detector using a pulse heighEJ%nalyzing scaler
to separate the _energy peaks of I~ (.035 - .0275)
from that of Cr” (0.323). Sufficient counts are col-
lected to reduce the counting error to less than 0.5
percent. For each astronaut the predicted normal red
cell mass and plasma vclume &gi derived from the nomo=
gram of Hidalgo et al, for I human serum albumin
blood volume (B.V.). Preflight weights and helghts
are used in determining the blood vclumes from the
NOMOLTam.

¢, Schedule of data collection

Pre-experimental -14, -6, -1 days
Experimental 1X/7 days
Post-experimental ASAP, +7, +1ll4 days

B. Metabolic

1L

Purpose

The purpose of the Saturn IVB experiment 1s twofold:

first, tc determine if man's metabolic effectliveness in
doing mechanical work is progressibely altered by the ex-
posure to the space environment; and, to determine the
metabolic cost of identical operational activities when

man is deprived of the benefits of earth gravity as compared
to the cost on earth.

Much is known about the relationships between the rate of
doing work utilizing muscular effort and the expenditure of
energy in chemical processes which make possible muscular
contraction. Thus far, all of this information pertains to
measurements done on the surface of the earth and under the
i{nfluence of the force of gravity; a force which grossly
modifies the requirements for energy expenditure by acting
on the mass of the body and requirifg compensatory muscular
efforts to maintain body posture and mobility in the gravi-
tational field.

When the force of gravity is absent, as during weightless
flight, it might be presumed that the rate of expenditure

of metabolic energy will be reduced. In fact, one might
predict that the muscle systems which have develcped in
response to the gravitational force would atrophy and weaken,
Evidence for this stems from the well-Enown observations
that human subjects who remain immobile and do not use

-



their "anti-gravity muscles" do experience some loss of
muscle mass and muscle strength. Crude measurements of
metabolic rates in Gemini astronzuts have suggested that

the rate of energy expenditure is below the predicted level.
Thus, it appears that the resting metabolic rates will b
somewhat less under weightlessness conditions than here on
earth. It follows also, then, that it would be desirable
to measure man's thermal efficiency inflight for comparison
with the correspending work outputs on earth.

To obtain this compariscn, it would be necessary to measure
men's metabolic rate as related to this work output. THgbl
can be done by measuring the metabolic rate for man for
various work ocutputs using a well calibrated work output
device such as an ergometer to provide reproducible levels
of work. This relationship of metabolic costs to work
output could then be compared to a similar curve for 15
earth conditions.

The metabolic costs of doing jdentical tasks on earth and

in space will be different because the effects of gravity
assist in performing a task by providing fricticnal contact,
Take away the gravitational environment, deprive the subiect
of his normal relation with frictional contact between his
body and his work platform, and the result is that the
efficiency with which useful work may be performed becomes
problematical. Obviously, the effectiveness with which the
worker is restrained and supported in the space envircnment
will affect his efficiency in doing work as compared to

doing the same work on earth. It then appears necessary alse
that we must measure man's metabolic costs for doing normal
operational tasks using jdentical, or as nearly identical
support as possible, in both flight and earth conditions.

The metabolic costs of doing these tasks could then bte compared
to determine whether large differences exist.

In the planning of future long duration missions, information
must be obtained relative to metabolic heat production {(an
index of the rate of conversion of chemical energy intc
mechanical energy) during various phases of the mission, i@y
during rest, exercise, and required mission activities.

This informetion is essentall from a logistics resupply view-
point and is mandatory for a realistic design of environmental

_control systems. It is reflected in the problems of providing

oxygen, carbon dioxide removal systems, and provisions of
foocd as the primary source of energy for the pool of metabolic
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products that is converted into mechanical energy by contrection

of the muscle cells and for maintenance of all physiological
functions.

To date, metabolic measurement during U. S. flights has been
limited to the determination of the total carbon dioxide
production by the chenical analysis of the amount of 1lithium
carbonate formed by the reaction between carbon dicxide and
lithium hydroxide. This method, although of value ip deter-
mining average heat production rate for crewmen during space
flight, does not provide insight into transitory (peak)
energy expenditures assoclated with performance of work in
space.

There has been a continuing ground-based program to ascertain
the metabolic cost of working under conditions that could not
precisely simulate the environment of space, but could be dons
with equipment and work programs resembling those used in
flight. This program has included studies to determine both
the metabolic contribution of the pressurized spacesuits and
that of subgravity environments. The validity of these
ground-based studies is not known and cannot be determinad
until metabolic measurements are made during an actual s v
mission.

There has been defeloped. but as yet not used inflight, a
device to measure the rate of metabolic expenditure by indirect
calorimetry. This method is based on the principle that the
rate of conversion of chemical energy in metabolizing cells
which comprise the whole body may be estimated by measuring

the by-products of metabolism that are caused to occur as a
result of burning (oxidation) of energy producing substances
taken in the food, namely fats, proteins, and carbohydrates.
For example, the stoichiometric relationship between the oxida-
tion of a combination of food products and the production of
carbon dioxide in the expired alr can be estimated with con-
siderable accuracy. Thus, to measure the amount of carbon
dioxide produced in a given period of time gives an estimate of
the rate of oxidation. The apparatus now developed is similar
to the common laboratory device which measures the volume per
unit of time of expired air, and In the same instrument is pro-
vided a means of chemically determining the concentration of
carbon dioxide produced in that period of time.

The rate of metabolism may alsoc be estimated by measuring the
amount of oxygen utilized by metabollzing cells in a unit time.
The energy produced by oxidation of foodstuffs by a known
quantity of oxygen can be estimated with sufficient accuracy.
Thus, measurement of oxygen utilization and application of

knowledge that one liter of oxygen when burned with a combinatic

of foodstuffs in a mixed diet results in the literation of
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approximately 5 kilocalories of energy provide another
means of estimating metabolic rate. The apparatus described
above may be used to make both these measursments di scussed
and therefore has been proposed for the experiment.
Equipment and instrumentation

a. Equipment: 2 calibrated bicycle ergometers, 2 flight
gas metabolic rate devices.

b. Instrumentation of subjects: ECG, respiration, rectal
temperature. %

Requirements and procedures for collection of data
a. Post-absorptive, same time of day.

k. Collect 15 minutes resting data, 15 minutes exercise
data, and until H.R., returns to normal .

¢. Record ECG, respiration, and temperature continuously
from 4 minutes before experiment to end of experiment.

Schedule of data collecticn

Pre-experimental -6, -3 days
Experimental 1x/7 days
Post-experimental ASAP

¢c. Bioassay of body fluids

Al

Purpose

It is the purpose of these measurements to determine the meta-
bolic cost of manned space flight by the analysis of biclogical
fluids. Results of the analyses are used as an indication of
astronaut physiological status. Where changes are found- to
occur, efforts are made to elucidate the mechanisms producing
these changes and assess their significance relative to space
flight.

The measurements are divided into three parts. The first part.
consisting of the preflight collection of two timed urine
samples and two blood samples from each crewman, establishes
the baseline values for the individual astronaut. The seccnd
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portion of the measurements assesses the physiological
status of the crewmen as cbserved by analysis of the urine
samples collected during f£light. The final portion of the
measurements, utilizing a 48-hour urine sampling period and
Blood samples collected immediately postflight, establishes
the rate of return to baseline preflight values.

The biochemical determinations may be grouped into several
profiles, each of which provides infermation concerning
the effect of space flight on one or more of man's physi-
ological systems.

The first profile, water and electrolyte balance, is related
to an examination of the weight loss which occurs during
f1ight and the mechanisms involved in this loss. To this
end the levels of sodium, potassium and chloride in the
plasma are measured preflight and postflight, and the rates
of excreticn of these electrolytes in the urine are observed
in all three phases of the measurements. Total plasma pro-
tein concentrations, measured both preflight and postflight,
are used to indicate possible dehydration. Water intake and
urine cutput are measured to determine whether the primary
loss of weight is due to sweat and insensible losses or to
changes in renal funetion.

To support the water and electrclyte balance aspects of the
measurements and to provide an indication of mechanisms in-
volved, the hormones vascpressin (antidiuretic hormone) and
aldostercne are measured in the urine. The production of
antidiuretic hormone is responsive to blocd volume changes

in the thorax, and it is postulated that, as in recumbency,
zero-G would produce an increase in the thoracic blocd volume,
This in turn would induce a decrease in the secretion of
antidiuretic hormone and a resultant increase in the urinary
output.

Aldosterone, a hormone produced by the adrenal cortex, is

also posture responsive and controls the renal tubular re-
absorption of sodium. Its secretion is decreased in recumbency
and increased in an erect position. An increase in its
secretion results in decreased urinary sodium, while decreased
production results in increased urinary sodium.

It is implicit in the above that knowledge of total urine

production is essential to an evaluation of the data. The



volume of urine and concentrations of the various com-
ponents in it are not constant through the course of a
2h-hour period. It would be impossible, therefore, to
estimate water, electrolyte or hormone output on the basis
of a single sample, even if the total volume of the sample
were known.

The second profile involves the estimation of the physi-
ologlcal cost of maintaining a given level of performance
during space flight. This could be considered a measure

of the effects of stress during space fllght. To this

end, two groups of hormones are assayed. The first, 17-
hydroxycorticosteroids, provides a measure of long term
stress response. The second, the catecholamines, provides
s measure of short term, or emergency, TE€SPONSes. The
measurement of these parameters will provide us with an
objective long term evaluation of the cost of space flight.
With a sufficiently large sample, individual variations and
responses will be eliminated from the evaluation.

The.third profile constitutes a continuing evaluation of

the effects of space flight on bone demineralization. Calecium,
magnesium, phosphate, and hydroxyproline are measured in
plasma and urine preflight and postflight, and are measured
in urine obtained inflight. Changes in the status of bone
mineralization may be accompanied by slterations in the
ratio of bound to unbound calcium in the plasma. This ratio
can be approximated from an estimate of plasma protein and
calcium. It would also be anticipated that there would be
an increase in urinary calcium, phosphate and magnesium with
demineralization. In addition, demineralization of bone is
accompanied by an increased excretion of hydroxyproline.
This amino acid is unique to collagen. It is presumed,
therefore, that the increased excretion of hydroxyprcline
accompenyling demineralization results from a dissolution of
the bone matrix.

The fourth group, or profile, may be related to protein
metabolism end tissue status. Urlnary urea 1s prcportional
to protein inteke and tissue metabolism, while alpha amino
nitrogen increases may be related to destructive tissue
changes. Creatinine excretion is a function of muscle
mass, and for a given individual is essentially constant
_over a 2l-hour period irrespective of diet, urine volume

or exercise. Decreases of creatinine excretion, however,
are associated with loss of muscle tone and activity.
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Equipment: Freezers for urine and blcod samples, urire
collection and sample bottles, 2 pH meters, equipment
necessary to determine specific gravity, protein, glucose
and ketone bedies.

Requirements and procedures for dats collection

a. Record time and volume of each voiding.

b. Prior to freezing urine samples, determine pH, specific
gravity, protein, osmolarity, glucose, and ketone bodies.

c. Label and freeze sample.

d, 35 ce blaod.

Schedule of data collection

a. Urine: All volding pre-experimental, experimental, and
Post-experimental for all subjects.

b. Blood: Same collection as for hematology.

ﬁ. Calcium balance

I

Purpose

Assessment of the alteration in musculoskeletal status during

orbital space flight is the primary objective of this Saturn
IVB experiment. Concomitant objectives are evaluation of
water, electrolyte, and possible steroid changes.

Investigators have leng recognized that chronic confinement
may result in metabolic alterations such as lesses of calecium
and phosphorus to the point of osteoperosis, urinery tract
stone formation, and loss of muscle mass and strength.
Several bedrest-immobilization studies have shown that in
healthy young adults urinary calcium excretion increases
two-to threefold within five weeks after confinement. The
same individuals may enter into a state of negative nitrogen
balance (output exceeds intake). Quantitative Xray studies
of the bones have demonstrated concomitant deminerelizatiocn
with bedrest-immobilization.

The preceding observations have led some investigators to pre-
dict that prolonged exposure to both confinement and weight-
lessness during space flight can eventually produce deletorious
alterations in the physiological and biochemical integrity
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of the flight crew. As of the time of preparation of

this form, Gemini pre- and postflight Xrays have suggested
loss of mineral from peripheral bones, and the Geminl M=
experiment has demonstrated a trend for negative metabolisn
changes which may have been ameliorated by inflight exercise.

The proposed experiment 1s designed to provide data which
will define more specifically the problem of bone and muscle
catabolism and its magnitude. The results will provide
further evidence bearing on the effects of prolonged ex-
posure to combined confinement and weightlessnecs. If
significant metabolic changes take place, they will permit
an educated extrapolation of the alterations to be expected
on longer flights and will stimulate efforts to devise
methods or procedures to counteract or amellicrate these
undesirable effects. The Saturn IVB experiment will examine
changes over pericds of 30 to 45 days of flight and the in-
fluence of operational and controlled physiological procedur=s
(i.e., exercise) on these changes.

Sever untoward effects are not expected during the Saturn
VB missions; however, it is mendatory that factual data

on a sufficient population and over increasing flight
duration be collected if data are to be available tc predic®
flight safety of longer missions and to develop end test

preventive measures which may amelicrate the degree and

s

duretion of mineral and nitrogen depletion. Therefore, 1
the purpose of this inflight experiment to provide, within

the 1imits of operational constraints and without Jjeopardizing
the safety of the crew, data on calcium, nitrogen, clectrolyte
and steroid excretion during prolenged space missions. I
information collected will be compared with pre- and post-
flight ground based control data collected on the crew.

is

o
Ge

Requirements and procedures for collecticn of data

a. Special formula food starting 5 days before experimental
period for all subjects.

b. Each subject to be weighed dally after emptying otladder
in morning.

¢. Complete record of food and water intake.

d. All urine samples (see biocassay of body fluids, secticn
v.D.) and feces to be collected.

Schedule for collection of data

Daily from -10 days to +10 days.
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Bone demineralilzation

1%

Purpose
(See purpose, section VD)
Equipment: Xray machine.

Requirements and procedures for collecticn of data: Xray
of hand and foot.

Schedule of data cecllection

Pre-experimental -10, -3, =1 days for all subjects

Experimental At 30 days of experimental period
for all control subjects

Post-experimental +1, +4 days, +2 weeks
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INERT GASES

Wallace 0, Fenn

INTRODUCTION

Man can survive in spite of large variations in the composition and
pressure of the inspired air, the partial pressures of oxygen and

carbon dioxide being the most critical. The optimum composition is

not necessarily the same for launch, re-entry, in-flight maintenance,

or extra-vehicular activities. The selection of the best mixture is

also complicated by engineering and environmental factors not directly
related to the physiology of the astronaut., This chapter will endeavor
to consider all of these factors, with special referemce to the physiology
of the man himself. The particular problem of the best partial pressure
of oxygen is considered elsewhere in this report. The Committee recom-
mends that for prolomnged use the oxygen tension of the-inspired gas in
the space ship should be no higher than that found in air at sea level
when both atmospheres are saturated with water vapor at 37°C. Starting
with this as a basis, the amount and nature of the inert gas to be added
must be decided. We hope to predict on the basis of the information
now available just what the physiological risks may be and what
emergencies might be encountered in a space mission with different

gases in the various circumstances.

PHYSIOLOGY OF THE INERT GASES
Before considering the advantages and disadvantages of adding imert
gases to the atmosphere of the space capsule a brief review of the

physiology of the inert gases is in order. Under normal conditions

the only inert gas of any importance is nitrogen. f35



Nitrogen gas, when inhaled, can always be recovered as nitrogen
gas either in the excreta or the expired air. It can, however, have
some physiological effects even at the comcentration found in air.
In a sufficiently high concentration of 3 or more atmospheres it has a
narcotic effect, that is well recognized by deep-sea divers and has
been demonstrated in many laboratorystudies. Synapses are more semnsitive
to nitrogen marcosis than isolated nerves and muscles (Marshall, 1951).

:

In Drosophila, at least, high pressures of nitrogen are more narcotic
in the presence of 1 atm than in 1/5 atm of oxygen. (Fenn. 1965) The same is true
of xenon and argon but helium has a narcotic effect only in very high

concentrations. Similarly, the inhibitory effect of the narcotic inert

gases on the growth of Streptococcus faecalis is greater in the presence

of 1 atm of oxygen than in a strictly anaerobic enviromment (Fenn,
unpublished observations). Mice and men are more sensitive to nitrogen
narcosis than paramecia and insects, possibly because the CO2 tension is
higher in mammals.

Nitrogen narcosis is attributed to the physical effect of a suf-
ficient number of molecules of N, in solution in the water, proteins,
or lipids of the body cells, especially those in the brain. This
narcotic state develops very quickly, apparently as soon as a threshold
concentration of nitrogen in the tissues is attained, and without any
time factor that anyone has yet measured. There may be secondary
effects that depend upon the product of time and concentration, but if
so, they have not yet been identified. Such secondary results might
even affect the life-span or any of the physiological processes in the

body, but there is no evidence yet of any such effects. There is also
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no evidence of adaptation to high concentrations of nitrogen, although
the development of increased tolerance to some other narcotics has been
demonstrated. So far as we know now, the body reacts to a second
exposure to high pressures of nitrogen exactly as it does to its first
exposure, with neither increased tolerance nor increased sensitivity.

There is at present no good evidence that the nitrogen which we
inhale plays any essential role. At least for short periods of a few
weeks men and other animals tolerate a nitrogen-free atmosphere without
any untoward effects so long as the oxygen tensioﬁ does not exceed the
normal value. Fruit flies have also tolerated such nitrogen-free
environments without obvious decrement in their life span. In
Neurospora, however, Schreimer et al. (1962) have shown that growth
is accelerated when helium is substituted for nitrogen; the growth
rates were inversely proportional to the square roots of the molecular
weights of the gases. Under high pressures nitrogen was unusual in
being less inhibitory to growth than helium (Schreiner, 1965). These
experiments do suggest that evem at 0.8 atm pressure the inert gases
may have some effect.

It was reported by Volskii (1960) and confirmed at least partially
by Allen (1963) that chick embryos do not hatch normally if the nitrogen
of the air is replaced by helium. This conclusion, however, was not
confirmed by further work in the Soviet Union by Savin (1965), who
reported that development was normal provided the eggs were properly
cared for. It is doubtful at present, therefore, whether any effect
of sea-level nitrogen can be deduced from this work. Further, South

and Cook (1954) reported some inhibition of oxygen consumption and
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gsome acceleration of anaerobic glycolysis of mammalian tissue slices by
N, compared to helium at 0.8 atm, but recent efforts by Rodgers (1966)
failed to confirm these findings. Finally, MacHattie and Rahn (1960)
have raised a litter of mice successfully at 1/5 atm of 100 per cent
oxygen without ever permitting any significant amounts of N2 to enter
the lung. Again, there remains mo reliable evidence that sea-level

N2 is physiologically active,

REASONS FOR AND AGAINST INCLUSION OF INERT GASES IN SPACE CAPSULES
Advantages of including imert gases are:
1. Less danger of fire,
— 7. Atetectdsis of the lung inhibited,
3. Possible but still unproved effects of low pressures of
nitrogen for long periods,
4. Engineering requirements for the ventilation system.
The disadvantages of including inert gases are:
1. A double monitoring system needed to stabilize the atmosphere,
2. Extra cost of carrying a supply of inert gas to replace gas
lost by leakage,
3. Danger of developing the bends.
These arguments will be considered in turm, beginning with the factor
considered by the Committee to be of first importamce: the danger of

fire.

ADVANTAGES OF ADDING INERT GAS

1. Inert gases and the hamards of fire. It seems to be impossible to

rule out completely the danger of fire in a space capsule. It is possible,
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however, to reduce substa*tially the chances of a dangerous fire
without seriously incapacitating the astronaut. Unfortunately, for
engineering reasomns, it is desirable to reduce the
total cabin pressure so that the percentage of oxygen is increased,
perhaps to 100 per cent, and this increases the fire hazard (Clamanm,
1965; Hall and Fang, 1963; Roth, 1964). In a pure oxygen atmosphere e
at 5 psi, fires have burned with unexpected speed, so that the temperature
rises very quickly to very high levels. At a sufficient temperature
even stainless steel will burn (Parker et al., 1964). Under such
circumstances the usual fire-fighting methods are useless. In a space
capsule the process is to some extent self-limiting if the 02 supply is
automatically turned off, because there is a limited supply of oxygen
and when that is used up the fire will stop. In the meantime, however,
very high temperatures and pressures have been generated and ..
noxious gases may be produced. Events develdp so-rapidly
that there may be hardly time to institute any fire-fighting procedures
and even less to get into a space suit. It is extremely doubtful that
an astronaut could survive if the fire started im a shirt-sleeve
situation.

To our knowledge there have been mno serious efforts to incorporate
in space vehicles appropriate methods for fighting oxygen fires, and
without them, the situation is hazardous for the astronaut. Apparently
the only method now envisaged is to decompress the whole capsule
immediately (Space Science Board, 1965), and this is a safe procedure
only if the astronauts are already in their space suits. I£f the

atmosphere is dumped promptly enough, a single astromaut, in his suit,
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might conceivably be able to cool the burned location and recompress
the capsule quickly enough to permit the resuscitation of his anoxic
comrades, but the chances of success in such a venture seem very slim
indeed. Several fires have already developed in simulated space flights
despite precautions which seemed adequate at the time. It is perhaps
impossible to anticipate every contingency; any local heating from
electrical apparatus, meteoroid impact, inadvertent focusing of the
suné rays, or electrostatic spark might start a fire.
In a gravity-free environment the danger of
fire is somewhat diminished because there is no convection to bring a
fresh supply of oxygen to the flame, and the available oxygen may be
largely replaced by carbon dioxide and water vapor. Under such con-
ditions a candle burns with a small, round flame rather than the
familiar elongated flame (Clamann, 1965). Tests in gravity-free
parabolic airplane flights have shown, however, that the candle, at
100 per cent Oy in 5 psi, is not extinguished thereby, at least not
in the short period of weightlessness (28 sec) available for such
experiments (Hall, 1964). This gravity-free factor is naturally most
effective in a completely static atmosphere; it may be supposed that
in a space vehicle the currents of gas produced by the ventilating
system, and the movements of the astronauts in their efforts to escape
from or to extimguish the fire,lmight stir up the atmosphere sufficiently
to neutralize the protective effect of the gravity-free environment.
On the whole, more studies of fires in such an environment would be
exceedingly helpful in appraising the fire hazards to be expected.
Every possible precaution should be taken to minimize the chance of

ignition, to slow the rate of burning and to install in the vehicle the
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most effective fire extinguishing measures. One method that might be
considered is a stream of any inert gas, since even helium is as "heavy"
as carbon dioxide in a gravity-free situation and much less toxic.

Quick automatic pressurization of the whole capsule (up to its maximum
pressure tolerance) with mitrogen might also permit use of more

familiar fire-fighting methods and reduce the conflagration to
manageable dimensions.,

An excellent and very comprehensive review of fire hazards and
methods of extinguishing fires has been made by Roth (1964), but
several fires have occurred more recently and the danger of fire
might now be given even more weight than the author gave it at that
time. Since that report, further studies have been made by Parker et
al. (1964) and Huggett et al. (1964, 1965). All of these and other
authors agree that the presence of an inert gas and a decrease in
oxygen partial pressure slow the rate of burning and the energy
required for ignition, although the results vary somewhat with
different combustible materials. Helium and nitrogen appear to be
the inmert gases of choice, although neon might serve equally well.
Helium requires less ignition energy than nitrogen, but nitrogen
seems more effective in retarding the spread of fire in spite of the
higher thermal conductivity of the helium. On the whole, nitrogen
seems slightly preferable. A jet of nitrogen gas mixed with water
could be effective by cooling the burning surface and surrounding the
flame with oxygen-free water vapor and nitrogen. Water should not be
used for this purpose, however, without due consideration of the damage

to the lung that results from inhaling hot steam at a temperature which
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would be innocuous in a dry gas. Pressurization with nitrogen could

be continued to the limit of the pressure tolerance of the vehicle

without physiological hazards. Meanvwhile, the fire itself would

reduce the oxygen tension if the cabin supply were turned off, and

the astronauts could use oxygen masks from a separate system.

Whatever method proves most feasible, this Committee strongly recommends

that a fire extinguishing system be installed in space vehicles.
Mention should be made alsc of the pessibility of fire in a space

suit ventilated by oxygen. One such fire has already been experienced
. : ' ; qu_z ;ﬁ A J/"z,uwm-a.u-a,\

during an ejection from a disabled 4ég@'airplame (Yeager, 1965). One

would conclude that a suit should be ventilated with water or nitrogen

rather than a combustible mixture.

2. Prevention of atelectasis by inert gases. The physiology of

atelectasis is considered in more detail in Working Paper A4 [Permutt].
Here it is only necessary to state that even in normal breathing any
small branch of the airway may become occluded by fluid or mucus,

thus trapping some gas beyond that peint. If that gas contains only

02 and CO2 it is absorbed by the blood within a few minutes, and that
part of the airway will collapse gas-free, If the collapse is suf-
ficiently widespread it can be detected as a decrease in the vital
capacity, a condition ofgen observed in aviators breathing 100 per

cent oxygen mixtures (Ernsting, 1960; 1965). This collapse can usually

be opened up again easily by a few deep breaths, but it may last for 24

1., 1966).

hours in spite of all efforts to correct it (DuBois et
Trapped gas of this sort disappears more rapidly at high altitudes or

low pressures because there is less gas to absorb. The tendency toward
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trapping of gas is also favored by breathing at low lung volumes and by
exposure to high G forces. The presence of any inert gas greatly delays
the absorption of trapped gas. Owing to its lower solubility, helium
provides more delay than nitrogen. In gemeral, trapped gas disappears
rapidly at first but soon much more slowly and at a constant composition.
At this point every gas in the mixture attains a concentration just
enough higher than that in the venous blood entering the lung so that
it is absorbed at a rate proportional to its own percentage concentration
Thus, the composition of the trapped gas remains constant
after this point, until all the gas has disappeared (Rahn and Farhi,
1963). Such atelectatic areas are useless for gas exchange and tend
to lower the oxygen saturation of the arterial blood.

A similar situation cobtains in the inner ear. Astronauts breathing
100 per cent oxygen mixtures find it necessary to clear their ears
frequently, and may even have to be awakened at intervals during the
night for that purpose. While neither of these effects is usually very
serious, it is at least an annoyance and can be avoided by even small
amounts of any inert gas.

3. Possible effects of low pressures of nmitrogen for long periods. This

problem has already been discussed and it is evident that further experi-
ments are required. To determine conclusively whether any such effects
exist, it would be necessary to keep animals in a nitrogen-free atmosphere
at normal oxygen pressures for their full life span, or for several
generations. It would also be useful te carry out this experiment at
different oxygen tensions to discover whether the life span is longest

at the oxygen tension of air or at some slightly higher or lower tension.
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In Drosophila, at least (Fenn, unpublished observations), the partial
pressure of air seems to be optimum, although there are probably no
statistically significant differences between 0.1 and 0.25 atm. It is
well known, however, that nitrogen does have physiological effects at
higher pressures and an extrapolation to a pressure for no-effect is
subject to considerable error., Lacking good evidence to the contrary,
therefore, it might be wise to include some nitrogen in the cabin
atmosphere; from this point of view, a non-narcotic gas like helium
would not be expected to serve the same purpose.

4, Engineering requirements for the ventilation system. It is reported

that the weight of the blower needed for ventilation in the capsule
increases markedly with decrease in pressure. A study carried out by
Parker et al. (1964) indicates that the total required weight of the
capsule reaches a minimum at a pressure of about 7.5 psi rather than
3.5 psi. It is thus for weight consideratioms that engineers have
recommended the inclusion of an ineft gas. If other ways of cooling
could be found to avoid this large weight penalty, the conclusion might

be quite different.

DISADVANTAGES OF ADDING INERT GAS

The principal disadvantage of including an inert gas is that it seems to
be an unnecessary added expense. It requires a store of nitrogen or
helium large enough to replace all the inmert gas lost by leakage, an
amount that could equal 30 per cent of the oxygen consumed by the
astrenaut. Total weight is thus greatly increased and a double monitoring
system, with an oxygen sensor to keep the p0O, constant and a total
pressure system to control the addition of inert gas, is also required.
This, of course, can easily be done but it does add to the total weight

and the total cost.
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The only real physiological disadvantage to the inclusion of an
inert gas is the danger of producing bends when the pressure is reduced
for extra-vehicular activities, This danger could, of course, be
reduced by breathing 100 per cent oxygen for 3 hr before making the
transition from, say, 7 psi of a 50-50 nitrogen-oxygen mixture to
3.5 psi of 100 per cent oxygen. One would expect this procedure to be
reasonably safe since the total pressure is not reduced to less than
about ®0 per cent of the inert gas pressure, but in practice it has
been found that about 5 per cent of the astronauts do develop bends
under these conditiomns (Parker, et al.,1964). Most cases of the bends
could be treated satisfactorily by returning the victim to the original
atmosphere at 7 psi until more of the nitrogen could be removed by more
prolonged breathing of pure oxygen, but the bends sometimes lead to
difficulties not casily treated in a space capsule.

It might be pointed out also that with a pressure lower than 7 psi,
the tendency to develop the bends on launch is increased if the prelimi-
nary period of de-nitrogenation by breathing oxygen were not continued
for the full 3 hours usually considered necessary. This might be listed,
therefore, as one of the advantages rather than a disadvantage of including
an inert gas in the capsule atmosphere.

This Committee believes that the advantages of including an inert gas
definitely outweigh the disadvantages, and strongly recommends an inert
gag-oxygen mixture for long term flights. The only problem remaining
then, is the selection of a suitable gas for this purpose,‘and the

determination of the optimum pressure of the chosen gas.
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SELECTION OF BEST INERT GAS FOR USE IN SPACE SHIPS

There is no apparent reason to use any gas other than nitrogen. There
are certainly no advantages to argom, Xeron or SF6, and not enough is
known as yet about the physiological effects of neon. If absence of Np
(as such) is likely to be a hazard for long term flights, then helium
presumably could not be a substitute. Nitrogen is somewhat better than
helium in controlling fires. Helium, on the other hand, is said to be
less likely to cause bends since its low solubility and more rapid
diffusion should permit more rapid elimination from the body. This
notion is not borme out in the experience of divers, however. (See
Roth, 1965, for references.) Helium is certainly non-toxic and has
been found to be mo worse than nitrogen in respect to speech intelli-
gibility at low pressures, and perhaps even slightly better because of
the lower noise level (Cooke and Beard, 1965).

Helium is said to be preferable to nitrogen because it does not
lead to dangerous radioactive isotopes like carbon 14 when bombarded by
neutrons secondary to cosmic rays impinging on the capsule or its
contents (Bond, 1963). This, however, seems a minor consideration since
there is more nitrogen in one adult man than in a cabin atmosphere, and
there are so many other ways, even in a helium-oxygen atmosphere, by
which radiation can cause damage to man. Nitrogen also offers a better
substitute than helium for the formation of ions in the space cabin
atmosphere. Such ions have been considered beneficial, but the evidence
is that there will be more than enough at the expected radiation levels

with either inmert gas (Clamanm, 1965).
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It has been calculated that under certain conditions the extra
weight required to store the necessary amount of inert gas is appre-
ciably less for helium than for nitrogen. Apart from such engineering
considerations, N, seems somewhat preferable to helium. Since Ny has
more narcotic effect than He at high pressures, it may well have a small
effect at low pressures; and since the body is adapted to the presence
of N2, this small effect might be important. Admittedly, no evidence
of such an effect has yet been demonstrated in man.

A preference for helium has been mentioned on the grounds that it
delays the absorption of trapped gas in the lung longer than nitrogen,
but either gas provides so much delay relative to 100 per cent oxygen
that the slower absorption of helium is probably not significant.
Helium may also be less likely to cause bends. On the other hand,
nitrogen has been recommended because it provides more protection
against ionizing radiation. (This is based on the experiments of Ebert
et al. (1958) who found that relatively high pressures of the inert
gases protected bean roots against damage from ionizing radiatioanitrogen
being more effective in this respect than helium. A similar protection has been
observed in Drosophila (Chang et al.,1959).) This protection actually seems
to represent an elimination of the potentiating effect of oxygen, and it is
supposed that the inert gases act by somehow displacing oxygen from combina-
tion on some site where it can effectively enhance the damage from radiation.
Still, the protectiﬁn afforded by either nitrogen or helium at pressures of
less than 1 atm appears to be negligible and thus provides no basis for
preference.

In conclusion, it is suggested that nitrogen is somewhat better than
helium as an inert gas to be added to the necessary oxygen in the cabin

atmosphere. A pressure of 2 or 3 psi is suggested as a reasonable concentration.

iy ——
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I, INTRODUCTION

Students and faculty in many departments at M.I,T. are conducting research
in the areas of interface between the engineering and life sciences.
Arising from these research interests, programs of graduate study in Engin-
eering and Living Systems have developed for students wishing to pursue a
career in this rapidly evolving field. The spectrum of academic and
research programs is extremely broad, ranging from basic physiologic
studies to the development of new medical and bioclogic techniques, and the
related engineering analysis and design. Each of these programs, although
strongly interdisciplinary in nature, is firmly rooted in the engineering
or biological discipline within which it developed.

II. RESEARCH ACTIVITIES

Presented in the following is a summary of some of the major ELS research
efforts at M,I.T. These listings are set forth according to the adminis-
trative structure under which the research is being carried out, and thus
include departmentally-based studies as well as those being conducted in
interdepartmental facilities. From this brief description, which is nec-
essarily incomplete, it should be evident that faculty interests have con-
siderable breadth and flexibility. It will also be apparent to the reader
that virtually all of these studies are carried out cooperatively, with
active collaboration by faculty of the medical schools in the Boston area
and the affiliated teaching hospitals,

A. Departmental Research:

Aeronautics and Astronautics, The complexity of advanced vehicles
for transportation on or near the earth's surface, as well as in outer space
or beneath the sea, places enormous demands on the man-machine interactions
associated with pileting these vehicles,

In the Man-Vehicle Control Laboratory, the techniques of control theory are
applied to analytical and experimental investigations of the biological
contrel systems which enable humans to maintain themselves or a vehicle in a
desired orientation in space. Flight simulators and a hybrid computer are
used to study the dynamics of man-vehicle configurations and bioclogical con-
trol systems. The research is directed by Professors Y, T, Li, Laurence R.
Young, and Jacob L., Meiry, working with medical colleagues at the Massachu-
setts Eye and Ear Infirmary.

The research may be divided into three areas: engineering descriptions of
the basic biological subsystems, development of general models for the human
operator as an element in the control system of multiple~loop, time-varying
vehicle orientation systems, and finally application of these models to
selected vehicle control problems,




i) Biological Subsystems,

Our research in this area concentrates on the analysis of human
sensors as control elements which transmit information to the
human operator. Earlier research on the eye movement tracking
system viewed as a sampled data system has led to further
studies of details of the visual control system and the sampling
of visual information, More emphasis lately has been placed on
models of the vestibular system. Control models for the semi-
circular canals and otoliths were based on the subject output
measurements (subjective sensation or eye movement). Both
normal and labyrinthine defective subjects have been tested in
our rotation and translation motion simulators,

The physical properties of the vestibular system and its fluids
are being investigated to determine an analytical model of the
system. The theoretical response of the semicircular canals to
caloric stimulation, angular rotation and linear acceleration is
evaluated and compared to existing experimental data.

i1i) Human Operator Models,

In the development of models of the hyman operator for use in
system design, our work has concentrated on descriptions of the
human as an adaptive controller, multi-loop characteristics,
optimal contrel applications, and the effects of vehicle motions
on the ability of pilots to retain control for a wide variety of
vehicle dynamics, The non-stationary and nonlinear behavior of
men involved in complex tracking tasks is of particular interest
to us. A stochastic model of learning behavior in manual control
tasks has been developed recently,

iii) Vehicle and Display Applications.,

A number of vehicle control applications problems are studied

in the Laboratory, all of which bring out some particularly
interesting aspect of the operator's control, and are intended to
tie in with the more basic research performed on the biological
subsystems and human operator models. Our 2-axis flight simu-
lator and hybrid computer have been used to study helicopter
hovering, manual control of a flexible booster vehicle, aircraft
blind landings, a narrow vehicle for high traffic permeability,
human and automatic bicycle stabilization, and phase plane dis-
plays incorporating optimal switching lines for higher than
second order systems, Some recent effort has concentrated on
development of a vehicle '"three-dimensional display" on a CRT by
linking to head movement,

Chemical Engineering, A series of studies on the properties of
biological flulds and their interaction with natural and synthetilc sur-
faces are being carried out under the direction of Professors E, W, Merrill,
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E. R, Gilliland, T. K. Sherwood, K., A. Smith, and L, B, Evans, These inves-
tigations are being conducted In collaboration with staff members of the
Massachusetts General Hospital, Children's Hospital Medical Center, Beth
Israel Hospital, and The Retina Foundation.

1)

ii)

1idi)

iv)

v)

vi)

Rheology of Human Blood.

A study of non-Newtonian rheology of human blood with reference to
the interaction of cellular elements and plasma proteins, and the
physiological relevance of these rheological characteristics to
mammalian microcirculation.

Interfacial Phenomena Related to Plasma Proteins, Lipids, and
Biological Polysaccharides,

Studies of interfacial tension between saline solutions containing
proteins, lipids, and/or polysaccharides, and air, immiscible
liquids, and non-wetting solids. Emphasis on alveolar function and
its abnormalities, as in hyaline membrane disease, and problems
related to blood denaturation, as in direct oxygenation, divers'
"bends," and evolution of cholesterol plaques.

Membrane Transport/Polymer Structure and Properties,

Study of permeability of membranes to oxygen and carbon dioxide,
and to blood solutes as urea, with special references to blood
dialysis for chronic uremia (the artificial kidney) and to gas
exchange during heart surgery (heart-lung machines),
Antithrombogenic Membranes and Surfaces.

The chemical modification of surfaces, particularly membrane sur-
faces, so that human blood in contact with these surfaces is not
denatured nor incited to clot by activation of either platelets
or fibrinogen.

Viscoelastic Properties of Hyaluronates,

Basic study of the hyaluronates in steady and oscillatory Couette
shear with reference to physioclogical function of hyaluronates in
synovial fluid, vitreous humor and body tissues.

Fluid Mechanics/Mass Transport,

Application of fluid mechanics to the design of extracorporeal
circuits for blood oxygenation and blood dialysis,

Electrical Engineering, The biclogical studies led by the

Electrical Engineering faculty have centered around two major areas: neuro-
physiology and the communications sciences, and research on biological
effects of high energy radiation, The first of these investigatiwe areas
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falls within the framework of the interdepartmental Research Laboratory of
Electronics, and is summarized in the paragraphs describing that facility.

i)

High Energy Radiation Studies,

This work is carried out in the High Voltage Research Laboratory of
the Department of Electrical Engineering under the direction of
Professor J. G. Trump and Mr. K. A, Wright. Investigations are
focused on the engineering of intense sources of megavolt elec-
trons and X-rays, on clarifying the physical properties of these
new forms of energy, and on studying their effects on a variety
of living and non-living systems, One important aspect of this
investigative effort involves the treatment, in cooperation with
physicians of the Lahey Clinic Foundation, of patients with
malignant disease using new advanced methods of localizing the
ionizing energy, The preservation of bone, nerve, and arterial
tissue by radiation is also studied with the coocoperation of
several university hospitals, The Laboratory has unique high
energy radiation and research facilities, located in a separate
building adjacent to the M.I.T. campus,

Mechanical Engineering. Within the Department of Mechanical

Engineering there is a broad area of research on various topics relating to
engineering and living systems. These studies involve faculty and students
in the Divisions of Design, Fluid Mechanies, and Materials., Most of the
investigations are carried out in the Engineering Projects Laboratory--a
major departmental facility providing space and instrumentation for a wide
range of research requirements,

i)

Sensory Alds for the Blind.

For the past five years, Professors D, M, Baumann, W, R, Ferrell,
R, W, Mann and T, B, Sheridan have been supervising graduate
theses in a coherent program of research and development directed
towards improving the access of the blind (and deaf-blind) to the
printed page and to enhancing the mobility of blind travelers,
The communications aspect of the program has included research on
perception by the blind of variously coded and displayed informa-
tion, as well as on the design of experimental apparatus with
which to conduct the research, Studies thus far have included
machine coding of typed information into forms, such as Braille,
which are perceivable by the blind, automated presentation and
typing of Braille, and translation by computer of English texts
inte Braille, Mobility research for the blind has included a
number of studies on characterizing and quantifying the temporal
relationships of the blind traveler to his environment and its
obstacles as he negotiates it with various existing experimental
and hypothetical guidance devices, In addition to continued
development of hand-held guidance aids, much of the current effort
is focused on various aspects of a proposed mobility aid simula-
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tion and evaluation system., Using the data-marshalling power of
a central digital computer, an instrumented object space is
planned which will include monitoring devices and telemetry for
the traveler-probes. With this system, various guidance schemes
and probe characteristics could be easily tested to provide a
sound basis for the design of actual guidance aids, as well as
to compare and evaluate existing mobility devices.

Biomechanics,

Direct observation of the internal mechanics of skeletal joints
1s obscured by the sustained, though time varying, forces
exerted across the joints by muscle groups which, beyond exert-
ing those forces necessary for overt 1limb motion and force
exertion, must also provide additional connective and stance
stabilizing forces across the joint, Improved knowledge of
these "specific forces" across the joint would contribute to a
better understanding of the biomechanics of gait and of the
pathophysiology of the changes occurring in articular cartilage
in depenerative arthritis,

In an effort to collect spatial and temporal data on the specific
force or pressure distribution across the hip joint, a study is
being conducted on the feasibility of an otherwise physiological
but instrumented femoral head implant prosthesis, The work is
being conducted in Mechanical Engineering (Professor Mann) in
conjunction with the Department of Orthopedic Surgery, Massachu-
setts General Hospital.

Limb Prostheses,

A cooperative program between the Mechanical and Electrical Engin-
eering Departments at M.,I,T. (Professors Mann and A, Bose), and
orthopedic surgeons at Massachusetts General Hospital, led to the
successful demonstration of a prototype upper extremity prosthesis
with proportional, force-compensated, angular control of the elbow
derived from electromyographic signals from the amputee's stump.
Current efforts are directed toward introducing appropriate sen-
sory detection, processing and display to permit more natural con-
trol of the limb, Future work may include similar studies of
terminal devices (i,e, hand) and for the lower extremity,

Ultrasonic Neural Surgery,

In conjunction with neurosurgeons and neurophysicists at Massa-
chusetts General Hospital, Mechanical Engineering students, with
Professor Mann, have studied aspects of a technique for creating
"trackless" leslons deep in the brain or spinal cord, without
direct surgical intervention, Ultrasound is generated externally
to the body; at internal foci reversible or irreversible lesions
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are created, The procedure may be of walue in the relief of
spastic diseases such as Parkinson's and also can eliminate

the pain a patient associates with an amputated or "phantom"
limb, Prior work has included experimental studies of improved
and varied sound~focusing schemes and optical devices to

assist surgery, Current work is directed towards an understand-
ing of the process by which cellular matter is destroyed upon
absorption of ultrasonic energy, including a study of the
acoustic properties of living grey and white brain tissue.

Human Control Characteristics,

Professors Sheridan and Ferrell and their students are engaged

in a variety of investigations in the Man-Machine Systems Labora-
tory to further quantify the behavior of man in controlling
vehicles and dynamic processes, Current and past work includes:

1, Study of adaptive behavior of the human operator to
sudden and secular changes in vehicle dynamics; use of variable-
parameter describing equations.

2., Quantitative description of manipulation; study of
direct human control of remote manipulators with long telemetry
delays; supervisory control of manipulators having primitive
touch or visual sensors and computation capability to execute
simple subroutines automatically; development of touch sensor
transducers,

3. Experiments and mathematical modelling of control
systems in which the input may be previewed by the human con-
troller; use of optimal control theory and two-time scale algor-
ithms,

4, Study of simple and semi~ballistic muscle response;
correlation with electromyograms and physiological indices,

5. Development of techniques for simulation of automobile
driving and piloting of air, space and undersea vehicles,

6. Methodological investigation of man-machine risk-
taking and decision-making using on-line digital-analog hybrid
computation,

Biomedical Fluid Mechanies,

A major actlvity of the Fluld Mechanics lLaboratory is in the
general area of biomedical fluid mechanics, The group working
in this area, under the direction of Professor A, H, Shapiro,
currently comprises Dr, Colin Clark, Mr, Mark Schoenberg, and
three graduate students, Recent and current topics of investi-
gation are as follows:
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1, Arterial Hemodynamics, Studies of the way in which
pressure and flow vary with time and position throughout the
arterial tree., Nonlinearities in pulse wave propagation result-
ing from the mechanical properties of an elastic tube and non-
linear terms 1n the equations of motion, Wave reflections
resulting from mis-match of impedances associated with gradual
and rapid longitudinal changes in cross-sectional area (including
junctions) and the mechanical properties of the arterial wall,
Wall friction in pulsatile flow for conditions of laminar flow,
turbulent flow, and mixed laminar and turbulent flow.

2. Intra-aortic Balloon Pumping. Studies of a technique
for assisting individuals in heart failure, not involving major
surgery, to reduce ventricular work., A balloon at the end of a
catheter is inserted into the aorta via a major artery. It is
inflated and deflated in such relation to the cardiac cycle as
to assume part of the work lecad eof the left ventricle, Current
investigations are directed toward determining the relationships
between the balloon motions, the pressure and flews in the sur-
rounding blood, and the cycle of operation, so that the import-
ant parameters and their effects are well enough understood to
optimize a complete design before experiments with animals are
undertaken.

3. Peristaltic Pumping. Studies of the mechanism by which
material 1s transported by peristaltic waves in the intestines,
in the ureter, and in mechanical pumps used for blood oxygena-
tion and other purposes. A theoretical and experimental inves-
tigation of the mechanism of pumping at low Reynelds numbers
leading to means of predicting accurately the characteristic
curves of pressure versus flow, Current studies of the mechan-
ism of ureteral reflux and the manner in which bacterial infec~
tion 1s carried from the bladder to the kidney countercurrent
to the direction of net urine flow indicate fluid mechanical
explanations of both reflux and retrograde diffusion of infec-
tion,

Studies at the Peter Bent Brigham Hospital.

Two studies currently underway in the Department of Surgery at
the Peter Bent Brigham Hospital are being conducted in collabor-
ation with the Department of Mechanical Engineering, This work
is under the direction of Dr., P, A, Drinker, working with stu-
dents from M.I,T, and the Harvard Medical School,

1, The design of equipment for respiratory support of the
critically 111 or postoperative patient, In most of the deaths
due to non-malignant disease in hospital Intensive Care Units,
the terminal sequence usually involves a significant respiratory
component, Design studies are being directed at the physiologic
needs of these patients to develop equipment and techniques for
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administering and controlling respiratory gas mixtures. These
problems include mechanical ventilators as well as devices for
precise mixing and humidification of gases, A self-regulating
gas proportioner, developed as an undergraduate design project,
is undergoing clinical trials,

2, Flow-induced transformation or injury to the blood.
Over the last few years there has been a rapid increase in the
use of artificial cardiovascular devices for implantable pros-
theses, as well as in extracorporeal gas exchange and dialysis
applications, To date, most studies have been design-oriented,
and although the hematologic disorders arising from these
devices have long been recognized, only recently has attention
been focused on the limiting properties of the fluid itself,
Current studies are directed at the hydrodynamic behavior of
the formed elements of blood, and the types and intensities of
mechanical stresses causing damage or destruction of these
cells,

viii) Mechanisms of Brain Injury.

Professor C, A, Berg has initilated research on the mechanisms
of brain damage produced by impact on the skull, There appear
to be three aspects of research in this area: (1) the rheology
of the brain, (2) the mechanics of impact on the brain skull
system, (3) the local mechanism of damage to the brain tissue,
The first question which needs to be settled is description of
the rheological properties of the brain, and it is on this
question that attention will initially be focused, Microseis=
mological experiments to determine rheological properties in
vivo are being formulated, Later, the mechanics of impact and
the local damage criteria will be taken up.

Nuclear Engineering, A number of actavities centered around
the M.I.T, reactor form part of the Engineering and Living Systems re-
search activities under the direction of Professor G. L, Brownell, For
example, the reactor has been directly used in efforts to treat brain
tumors by neutron capture therapy, Two students received their Ph, D,
degrees for theses in Nuclear Engineering as a result of studies on
neutron spectra at the medical facility and other students have partici-
pated in various ways in this activity, In addition, the reactor has
been used for activation analysis of bilological samples and for the pro-
duction of special isotopes to be used for biological purposes,

A number of graduate students have participated in activities at the
Massachusetts General Hospital Physics Research Laboratory dealing with
uses of radioisotopes in medicine, These studies have covered a wide
range of topics from radiolsotope techniques for measurement of brain
blood flow to studies on a medical cyclotron planned for the Hospital,
It is likely that these cooperative efforts will increase in the future,



Nutrition and Food Science. A graduate program of study and
research in Biochemical Engineering, which is jointly sponsored by the
Departments of Biology, Chemical Engineering, and Nutrition and Food
Science, is administered by the latter Department under the supervision
of Professor R. 1. Mateles,

i) Microbial culture,

One area which has been of long-~term interest is continuocus
culture of micro-organisms. Recent theses on continuous cul-
ture have dealt with a theoretical and experimental analysis
of dynamic behavior, the kinetics of simultaneous utilization
of several energy sources by pure culture and natural popula-
tions, the measurement of unsteady state growth rates of bac-
teria, and computer simulation of microbial systems,

ii) Fermentation,

Another area receiving increasing attention is the production
of protein by growth of micro-organisms on suitable hydrocarbon
or carbohydrate substrates, Work in this area deals with the
effect of growth conditions on protein yield and amino acid
composition, the use of thermophilic organisms to minimize
cooling requirements, measurement of heat production during
fermentation, determination of the mechanism by which hydro-
carbon substrates are assimilated by micro-organisms, and cor-
relations between gas transfer and power input in agitated
vessels at high power inputs,

i1i) Enzyme Technology.

While growth and fermentation problems occupy a central posi-
tion, problems of enzyme purification and product recovery are
also considered. Work in these areas at present deals with
membrane processes for purification of macromolecules and cen-
trifugal collection of small particles.

B. Interdepartmental Laborateories and Research Centers:

Center for Sensory Alds Evaluation and Development, While
academic and research laboratories have demonstrated competence in the
definition, research, and feasibility study of devices and systems to
ameliorate the deprivation of blindness, i1t 13 clear that much psycho~
physical evaluation, engineering development and redesign, and systems
integration must be successfully accomplished if such ideas as are devel-
oped are to be put to wide use for and by the blind,

The function of the Center for Sensory Aids Evaluation and Development
is to prosecute the delineation of genuinely useful approaches and to
develop them until widespread utility is demonstrated, To discharge its
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responsibilities the Center is staffed with full-time engineering and
psychological personnel (directed by Mr, J, K, Dupress), Graduate stu-
dents and M.I.T, faculty work with Center staff at the interface between
research on ideas and processes and their evaluation and development.

Current work includes evaluating and extending computer programming sys-
tems and hardware by means of which retrieved type-compositors-tape is
machine-translated to and presented in Braille., This work is designed
so that audlo outputs, when demonstrably effective, can be used.

Lxperiments on several existing mobility devices are proceeding to iden-
tify their merits and deficiencies, to develop a methodology of mobility-
device evaluation and to build up the specialty instrumentation capa=
bility essential to such a program,

Clinical Research Center. The Clinical Research Center of the
Massachusetts Institute of Technology offers the opportunity for members
of all departments to conduct clinical investigations on normal subjects
or patients with disease processes, The facility is administered by the
Department of Nutrition amd Food Scilence, and is supported by the Public
Health Service. At present, ten subjects can be accommodated in a small
hospital, complete with 24-hour coverage by physicians and nurses, an
excellent diet kitchen, a laboratory capable of performing a wide variety
of clinical examinations, a number of specialized procedure rooms, and
supporting research laboratories. Subjects are admitted on research pro-
tocols developed by any member of the faculty, in collaboration with a
qualified physician,

Since the Center was opened in October, 1964, a wide variety of problems
have been investigated, Dr, Nevin S, Scrimshaw has studied protein and
amino acid requirements of men with Drs, V, R, Young, T. J. Moore and

J, B, Das. Interest is focused on the effect of muscular exercise and
stress of psychological and infectious origins on protein and amino acid
requirements, Professor H, L, Teuber and associates have studied the
effects of brain injury in children and adults on subsequent neural
function, Chronic radium and mesothorium poisoning has been studied by
Dr. Robley D, Evans and associates at the Radloactivity Center,
Professor W, A. Rosenblith and staff of the Research Laboratory of Elec-
tronics are investigating the effect of behavior and sensory stimuli on
the spectral quality of the electroencephalecgram,

Drs. 5. J. Gray and S, A, Adibi have studied intestinal absorption of
amino acids and amino acid transport across the jejunim in normal men,
The effect of environmental lead intoxication on mental function of
children has been studied by Dr, H, L, Hardy and associates, Dr. J, B,
Stanbury, Director, and Dr, L, J, De Groot, Assoclate Director, of the
Clinical Research Center, study endocrine physiology and inherited
defects in hormone formation and action,
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The goal of the Center is to offer members of the M.I,T, community faci-
lities in which to develop clinical research projects related to the
basic studies being pursued in the various departments, The Center also
serves as a training facility for graduate students and postdoctoral
fellows interested in metabolic diseases or other aspects of experimental
medicine.

Research Laboratory of Electronics, The Research Laboratory of
Electronics provides a research environment in which faculty and students
from eleven academic departments participate. One major aspect of the
activities of the laboratory involves studies of communication in living
systems, These activities are pursued in groups centered around six
major areas of interest: communications biophysics, cognitive information
processing, neurophysiology, linguistics, speech communications, and
artificial intelligence.

i) Communications Biophysics,

The principal concern of the Communications Biophysics Group is
a better understanding of the mechanisms and logical operations
that underlie sensory communication, In this task the group,
under the direction of Professor W, A, Rosenblith and W. M,
Siebert, combines electrophysiological and behavioral (including
main psychophysical) experimentation with data processing by
computers and analytical methods that are related to communica-
tion theory.

A major effort of this group is directed toward studies of cod-
ing and recoding of stimulus information in the neuroelectric
activity of single units and populations of units at various
levels of the auditory system, These studies involve descrip-
tions of the statistical characteristics of firing patterns of
units in the auditory nerve and the cochlear nucleus, In addi-
tion there are continuing studies of efferent pathways, of the
relation of firing patterns to detailed anatomical studies, of
the mechanisms of cochlear transduction, and of inhibitory
mechanisms in the auditory nerve,

Psychophysical studies of hearing and of the skin sense in the
past few years have been focused around the equalization and
cancellation model of "bilateral ummasking,"

Several experimental programs study the ways in which potentials
evoked by sensory stimull are affected by an organism's state,
In man, the variables involved range from the influence of vari-
ous stages of sleep to performance on information processing
tasks that are undertaken simultaneously with the recordings,

In rats, aversive conditioning paradigms seem so far most mana-
geable in producing replicable results, These studies have led
to an increasing concern with the behavior of the motor system,
and quantitative and analytical studies of the behavior of this
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system and its componentry are being planned. Electrophysio~
logical studies of conditioning in the rat have been concerned
with changes in sensory-evoked potentials correlated with condi-
tioned changes in behavior,

This group works in close cooperation with the Eaton-Peabody
Laboratory for Auditory Physiology at the Massachusetts Eye and
Ear Infirmary and with neurologists at the Massachusetts General
Hospital,

Cognitive Information Processing.

The primary research interest of this group is in the real-time
acquisition and processing of visual information for display to
the visual and the nonvisual senses, and in the psychelogy of
human utilization of such information, for both communication
and control. The research, under the direction of Profeassors
S. J. Mason, M, Eden, W. F. Schreiber, F, F, Lee, and D, E,
Troxel, is motivated by an interest in human capabilities for
information processing and in human information requirements,
Applications include sensory-aild systems for the blind and the
blind-deaf, picture transmission systems, and special informa-
tion-display systems for enhancement of human performance under
conditions of stress,

Major projects now in progress include studies on reading
machines, mobility aids, digital and optical picture processing,
pattern recognition, and biological image processing,

A reading machine system has been developed that will serve as a
facility for further research on character recognition, special-
purpose picture processing, tactile pattern perception, and
auditory displays, including artificial speech. In its present
form the system is capable of book=print character recognition
and generation, at real~-time rates, of an auditory "spelled
speech" output, A later version is aimed at artificial "con-
nected speech" as an auditory output and also tactile displays
of visual material not susceptible to character recognition,
Man-machine studies with this system will help us develop real-
istic criteria for useful reading-aid systems for the blind and
blind-deaf.

Work on mobility aids is directed at the development of a system
capable of stmulating, in real time and space, the operation of

a large class of mobility-aids devices, The purpose of the re~

search is to determine human information requirements and human

capabilities, as a basis for the design of useful systems,

The picture-processing research is concerned with the digital and
coherent~light optical processing and encoding of image informa-
tion for efficient or economical transmission, subject to
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criteria of subjective picture quality, The problem of band~-
width compression for image transmission, without appreciable
loss of subjective visual quality, and the problem of picture
processing for tactile display to a blind subject, involve
some of the same considerations of human pattern perception
and also some of the same techniques of processing, such as
edge extraction,

General pattern-recognition work involves studies of human
visual, auditory, and tactile perception and also studies of
automatic pattern identification, Current projects include
studies of depth perception and optical illusions, reading
and writing of transformed text, apparent motion, automatic
extraction of information from printed sheet music, automatic
printed-character recognition, and growth algorithms for the
generation of complex structures, such as leaf-vein patterns,

Biological image processing deals with the acquisition and
analysis of visual patterns that are important in medicine and
biology. The picture processing facilities described above
are being used to explore the feasibility of using fully auto-
matic techniques or machine aids to human classification of
such objects as white cells, chromosome counting, particle
counting, micro-autoradiographs, three-dimensional visuallza-
tion of micro-anatomic structures.

Neurophysiology,

The principal research goal of the Neurophysieclogy Group, work-
ing under the direction of Professor J. Y. Lettvin, Professor
P, D, Wall, and Dr, W. S, McCulloch, is to develop testable
descriptions of sensory processes and to enlarge our under-
standing of the underlying physical mechanisms,

Several of the sensory processes have been studied intensively
for a number of years, These include research on the physical
and coding mechanisms of the olfactory system and analysis of
the stimuli and firing patterns of single fibers in the frog
optic nerve,

The development of the Wall-Melzack theory of pain has led to a
number of predictions concerning pain control in man which are
now being studied, The activity of cells in the dorsal horn of
the cat spinal cord with the animal in several different states
has been studied and thils work will be extended to the rat,
Other related research on dorsal horn activity is being pursued
and similar investigations of the ventral horn are planned to
begin in a short while,
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Physical studies of natural and synthetic membranes, based on
a set of chemical predictions made during the last year and a
half, are being pursued with a view to discovering the mechan-
isms of nerve membrane activity,

As a supporting activity for the research mentioned above, a
variety of Instrumentation projects have been undertaken in
order to provide low-cost, but accurate, data processing
devices for looking at neural events in several different ways.

Professor B. H., Pomeranz and his students in the Department of
Biology are conducting studies directed at neural feedback
mechanisms involved in the control of kidney, liver, and car~
dio-vascular function. Their principal research centers around
the following electrophysiological investigations:

1. Studies of afferent fibers from the kidney, liver and
heart to the spinal cord and brain stem, to determine the
physiological stimuli which produce the input of the feedback
loop.,

2, Studies in the spinal cord and brain stem of the inter-
neurons responsible for integrating all the feedback loops with
information from higher centers (cortex, hypothalmus, etec,),

3. Measurements of the sympathetic nervous output of the
autonomic nervous system, responsible for control kidney, liver
and cardiovascular function, These studies also include record-
ing from the organs themselves in order to correlate neural
output with end organ effects (e,g, blood flow to the kidney and
liver, blood pressure, kidney concentrating ability, liver
glucose output, etc,).

4, Effects of stimulation of renal and cardiac efferent
nerves in conscious dogs over periods of several years, to
attempt to produce hypertension of heart attacks and henese test
the hypothesis that these diseases (which cause 65% of all
deaths) are a result of increased nervous activity during
stress, Chronic animal studles are being carried out in col=~
laboration with the Department of Physiology, Harvard Medical
School,

Linguistics,

The Linguistics group, working under Professors N, A, Chomsky
and M. Halle, has long maintained an interest in problems that
are common both to linguistics and to the psychology of language,
the acoustics and physiology of speech and the study of language
disturbances, Studies in these areas are conducted jointly with
members of the Department of Psychology or with other groups
within the Research Laboratory of Electronics,
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Current studies are being conducted on the physical correlates
of speech, on the child's acquisition of language, on bilingual=~
ism and its relations to the psychology of language, and on
mathematical models of reading and writing,

v) Speech Communication.,

The general objectives of speech communication research, led by
Professors K, N. Stevens, D, H, Klatt, A, V, Oppenheim, and

Dr, Bernard Gold, are to further our understanding of the pro-
cess of human speech generation, In particular, experimental
studies of speech lead to a delineation of the capabilities of
man to generate sounds that are used in language, and also to
percelve and interpret these sounds, The goal of the research
is to determine the inventory of the distinctive features that
are used in the languages of the world and to understand the
mechamisms wherehy these segments and features are encoded into
articulatory activity,

Research is being conducted in the physiclogical mechanisms
that underlie the production of speech, These are examined
through cineradiographic studies of the supraglottal system,
through measurements of air flows and pressures in the respira-
tory system and through acoustic analysis of the sounds of
speech,

Inseparable from the study of how segments are encoded inte
sound is the problem of decoding the sounds of speech by a
listener, These are being actively studied by means of simula-
tion experiments, sophisticated signal processing techniques
and psychological experimentation,

vi) Artificial Intelligence,

The purpose of this work, under the direction of Professor M, L,
Minsky and Dr, S, A, Papert, is to find ways to make machines
solve problems that are considered to require intelligence, These
problems are usually attacked by programming computers to deal
directly with the necessary abstractions, rather than by simu-
lating hypothetical physiological and psychological mechanisms,

Processes for recognizing visual objects by computer programs
are being studied. These processes involve analysis of the
visual field into objects and background, Objects are to be
recognized by generating hypotheses and confirming them or modi~-
fying them by the results of selective attention to parts of the
field and of the proposed objects, These processes will entail
use of stereopsis and color, as well as the construction of
abstract symbolic three-dimensional representations of the scene
within computer memory,
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A system that combines a computer-controlled arm and hand with a
real-time computer-controlled visual system is being constructed
in order to study the problems involved in visual-motor co-
ordination in complex manipulation tasks, This project is being
sponsored by the Advanced Research Projects Agency with the goal
of developing practical manipulation systems. It seems likely
that some results of this work will open up avenues of more
purely sclentific interest, especially in clarifying the mechan~-
isms of human pestural coordination.

III. COURSES OFFERED IN ENGINEERING AND LIVING SYSTEMS

Presented in the following is a partial list of courses given on topics
associated with engineering and living systems, WNot included here are
the general courses in areas such as biology, biochemistry, or physiology
which are offered in various M,I,T., departments, For more complete in~-
formation the reader is referred to the Genmeral Catalogue, In addition
to the subjects presented at M,I.T,, courses at nelghboring institutions
are readily available to the graduate student, by cross-registration
arrangements among the various schools,

Department Name Course Title
Mechanical Engineering 2,18 Man-Machine Systems
! i 2,1817 See Course 16,43J
Electrical Engineering 6,36J Speech Communication
1 A 6,37T Sensory Communication
Y I 6.372T Introduction to Neuroelectric
Potentials
1 ! 6.544] Heuristic Programming and
Artificial Intelligence
" ! 6,59 Bloelectric Signals
& 4 6,592 Analytical Models for Human
Processing of Sensory Inputs
" i 6.594 Cognitive Information Pro-
cesses
" i 6,595 Communication Sciences Seminar
o 1 6,694J Laboratory in the Physiology,
Acoustics, and Perception of
Speech
Chemical Engineering 10,56 Chemical Engineering in Medi-
cine

(continued)
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(continued)
Department Name Course Title
Aeronautics and Astro- 16,437 Life Support and Human Perform-
nautics ance in Manned Systems
Nutrition and Food Science 20,43 Industrial Microbiclogy

M i W 8 20,47 Biochemical Engineering
Nuclear Engineering 22,20 Biological Effects of Nuclear

Radiation
2 Y 22,81 Selected Topics in Radiation

and Radioisotope Applications

IV. GENERAL INFORMATION FOR STUDENTS

Graduate education at the Institute is extremely flexible, Whether a stu-
dent is seeking a Master's degree, an Engineer's degree or a doctorate, he
is permitted and encouraged to design an educational program, in consulta-
tion with his faculty counselor, which will build on his educational founda-
tion toward his specific goals, In the case of doctoral study and in
special cases, for Master's degree programs, a student may request the ap-
pointment of a special interdepartmental faculty committee to supervise his
program of study and his thesis, We feel that this mode of study is parti-
cularly well suited for students wishing to gain an education in ELS, It
provides the opportunity for an optimum arranpgement of subjects of instruc-
tion and for the joint supervision of research work by appropriate members
from both Engineering and the Life Sciences faculties,

Admission to the Institute as a regular student may be gained only through
one of the academic departments, and students usually apply to that depart-
ment which most closely identifies their field of major interest and demon-
strated competence. In some cases, a student considering graduate study
may find that his interests fit equally well in two or even three M,I,T.
departments,

To serve as an advisory body to students in Engineering and Living Systems,
the Dean of the School of Engineering has established a Steering Committee
drawn primarily from the engineering faculty, with representatives from
other Institute departments and academic centers., In addition to its ad-
visory functions, this Committee provides an effective mechanism for inter-
departmental and interorganizational communication through meetings,
invited lectures and seminars,

Although most opportunities for financial aid for graduate students in ELS
are now--and will continue to be--handled through departmentally adminis-
tered assistantships and traineeships, a major activity of the Committee

is the development of additional sources of fellowship support, Specifi-
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cally, these fellowships are designed to permit study between departments
or even institutions in areas which are not covered by other research
funds.

It should be evident from the foregoing that the program at M.I,T. in ELS
is one designed primarily for graduate study. This 1s not to say that
the undergraduate has been neglected or is excluded from participating,
Rather, the undergraduate years can provide through elective courses,
special projects and the senlior thesis, many opportunities for an intro-
duction to problems which may then become the focus for later graduate
study.

Applications for admission to the Graduate School, together with copies
of the Institute's General Catalogue, which contains descriptions of all
Institute requirements and subjects of instruction, may be obtained
either from the Director of Admissions, Room 3-108, M,I.T,, or from the
head of the department to which the student intends to apply.

Prospective students desiring further information on the M,I,T. program
on ELS, and those seeking speclal courses of graduate study which are not
oriented towards a degree, are invited to write directly to: Dr. Philip
A, Drinker, Executive Officer, Committee on Engineering and Living
Systems, Room 3-457A, M,I.T,, 77 Massachusetts Avenue, Cambridge, Massa-
chusetts 02139,
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THE COMMITTEE ON ENGINEERING AND LIVING SYSTEMS

Murray Eden, Ph., D., Chairman
Professor of Electrical Engineering
Lecturer in Preventive Medicine, Harvard Medical School

Philip A, Drinker, Ph, D., Executive Officer
Lecturer In Mechanical Engineering
Associate Staff (Surgery), Peter Bent Brigham Hospital

Paul E, Brown, Sc, D.
Executive Officer, Center for Advanced Engineering Study

Gordon L., Brownell, Ph, D,
Associate Professor of Nuclear Engineering
Head, Physics Research Laboratory, Massachusetts General Hospital

Leslie J, De Groot, M, D,
Asscciate Professor of Experimental Medicine (Nutrition and Food Science)
Associate Director of the M,I.T. Clinical Research Center

Harriet L. Hardy, M. D.
Assistant Medical Director
Head, Occupational Medical Service

Robert W. Mann, Sc. D.
Professor of Mechanical Engineering
Chairman of the Steering Committee, Center for Sensory Aids Evaluation
and Development

Edward W, Merrill, Sc. D.
Professor of Chemical Engineering
Consultant in Chemical Engineering, Massachusetts General Hospital

Erik L. Mollo-Christensen, Sc. D,
Professor of Meteorology

Bruce H., Pomeranz, M., D., Ph, D,
Assistant Professor of Physiology (Biology)

Walter A. Rosenblith, Ing. Rad.
Professor of Communications Biophysics (Electrical Engineering)
Research Associate in Otology, Massachusetts Eye and Ear Infirmary,
and Harvard Medical School

Albert O, Seeler, M. D,
Professor and Head of the Medical Department

John G, Trump, Sc. D,
Professor of Electrical Engineering
Committee on Research Policy, Lahey Clinic Foundation Inc,

Emily L. Wick, Ph., D.
Associate Professor of Food Chemistry (Nutrition and Food Science)
Associate Dean of Student Affairs
Chairman, Premedical Advisory Committee

Laurence R, Young, Sc, D,
Assistant Professor of Aeronautics and Astronautics
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mu«mmmm; the agenda will be adjusted as follows:
$9100-9:30 Dr. 8.P. Vinograd
9:30-10:15  Dr. 0. Reynolds
10:15-11:00 Dr. W.L. Jomes
11:00-12:00 Open Discussion

Crigingl Signed by
H.S. Brownstein

H. 5. Brosmstein
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12 May 1967

Mi/Executive Secretary, Life Sciences Directors Group
Life Sciences Flight Experiments Presentats

The mmumumm,mw,m’
29 May 1967, 9:00-12:00.
Please notify my office (x20418) by 22 May 1967 of your visual aid

requirements 80 necesssry perscunel and projection equipment support
can be reserved.

Projection limdtations in Conference Room 625T will permit a standsvd
dual projection capability.

Original signed by

H.S. Brownsteln

H. 5. Browetein




1967 San Diego Biomedical Engineering Symposium

Sponsored by:

AIAA, San Diego
Bioastronautics Section

American Nuclear Society,
San Diego Chapter

California Western
University

Humtan Factors Society,
San Diego Chapter

IEEE,

San Diego Section

EMB Group Chapter
Computer Group Chapter

Institute of C ti
Biology

Salk Institute for
Biological Studies

Scripps Clinic and
Research Foundation

San Diego Biomedical
Research Institute

San Diego County
Heart Assaciation

San Diego State College
Simulation Councils Inc.

U7.S. Navy
Electronics Laboratory

U.S. Navy Hospital
{San Diego}

University of California
San Diego

Soctety of
Nuglear Medicine,
So. Calif. Chapter

In reply, please address:

Michael Hlavin

5829 Haber Street

San Diego, Calif. 92122
April 1k, 1967

Dr. Sherman P. Vinograd

Medical Science & Technical Director
Office of Manned Space Flight, NASA
Washington, D.C.

Dear Dr. Vinograd:

Just a reminder that the four-page summary of the
paper that you will present at the San Diego Biomedical
Engineering Symposium ahould be in the mail by May 1.
The sumary should be in photo-ready form on the special
mogel vaper that was enclosed in my letter of March 13,
1967.

Please contact me if you need further information
or more model peper. Phone 277-8900 ext. 2189.

Sincerely,
“—d—%f xf— /:A)"“"“""'
. M. Mavin
JMH: Tkw
Enc.
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BI0 : A:".?H‘f GI" SI{FRI"IAI‘I P . VIIIOGR!\‘LD’ IE. D .
Position Director, Medical Science & Technolozy, Space

Medicine, OMSEF

dGcat ton [niversity of Wisconsin (Zoology) -B.S. 1942
[niversity of Wisconsin Medical School-M.D. 1646
Pouro Infirmary, New Orleans, La.(Internship) 19L8
3t. Mary's Hospital & University Hospitals,
fadison, Wis., Residency, Internzl Medicine 1950-53
Experience U.<.N. “chool of Aviation Medicine - Navy Flight g

rag

s .

Vinograd was appointed to NASA in November 1961 as Chief, Advanced Bio-
nedical Technological Development Division. In this position he hzd respon-
51bility for developing and monitoring biotechnical research in support of
the over-all aerospace medical program for Apollc.

Tn January 1963, he was made Chief, Flight Crew Medical Operations Branch
7here, as flight surgeon, he was responsible for review
on procedures concerning astronaut selecu4on eare, preparation, and

insertion; the development of mission rules _n-fl¢bht medicel menitoring;
ond medical data collection. In June 1963, he was

[ S
ne was made Assistant wfcnbsf,

Crew Systems Developmentc; and in Novesoer l9oJ, he became Chief of t
L.

end recommeridations

of the Pro-
Cessional Services Brench, Directorate of Space Medicine. In uO;h chis and
his present capac1ty, hie 1s concerned with medical and biclogical Tactors

involved in man's exploration of space. He is also resvonsible for the
bicmedical exneriments to be included on menned space £flights.  Dr. Vinozrad
ossumed his present post in July 1986k,

f

Prior ©o his arfiliation with NASA, Dr. Vinograd was in the private practice
pf medicine, specializing in internal medicine. In 1953, he becane Director
of Intern Eduecation at St. Mary's Hospital in Madison, Wisconsin. From

1955 to 1961, he was an Assistant Professor of (linical Medicine et the

University of Wisconsin Medical School.

Patents AM.A., American Academy of Allergy; Hospital staffs; University Hospitel
; teaching staffs; State and locsal medical societies
Memberships {e 1s the author of several professional lectures and papers in the
Cield of Space Medicine.
Publications
Recognition
fﬁiiifrzion U. S. Navy, 1942 to 1946; MCR, USIR, July 1947 to July 19k
s w8

Personal Data Porn on Januery 24, 1921, in Milwaukee, Wisconsin
larried to the former Martha Reed
Resides at 6529 Sothoron Road, McLean Virginia

@)
i}
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Prepared |July 1964
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IN REPLY REFER To:  MLA

JUN 12 1967

703 MSC/Assistant Program Manager, Apollo Applications
Program Office, Robert F. Thompson

MSFC/Program Manager, Saturn Apollo Applications
Program Office, Leland F. Belew

KSC/Acting Program Manager, Apollo Applications
Program, Robert C. Hock

FROM: ML/Director, Saturn Apollo Applications
SUBJECT: MPTF

-

4Ls a result of the materisl presented at the 6T-4 MPTF meeting
at MSFC on June 1 and 2 and the discussions which followed, I
believe we are now in a position Lo pull together a presentation
for Dr. Mueller and the Center Directors on our studies of the
low earth orbit missions now scheduled for CY 1970 (Ref MI~G).
The purpose of this letter is to summarize the guidelines for
preparing this presentation and to confirm the plans discussed
in the meeting of the Steering Committee on June 2.

With regard to timing, I would like to plan a dry run for
review by Messrs. Belew, Hock, and Thompson and myself at the
MPTF meeting 67-5, to be held in Washington during the second
week in July. We will arrange the schedule for presentation to
Dr. Mueller and the Center Directors at a later time.

In the presentation itself, I would like to focus attention on the
basic issues and to minimize the potential distraction introduced
by non eritical secondary matters. To do this, we should describe
baseline plans for two milgsion concepts which are consistent with
the present plamning schedule, Mi~-6, showing quantitatively the
degree to which these baseline missions can achieve the program
objectives. Incremental changes to the baseline to more fully
achieve the stated objectives should be shown separately. It is
also lmportant that we have factual backup for the conclusions

we present.






Goals, Guidelines, and Assumptions
for MPTF Presentation of the Second Year AAP Barth Orbital Missions
Attachment 1

1. Goals

1.1 To achieve, insofar as possible, continuous manned
operation of an orbital workshop for a pericd approaching

one year, using a series of manned and unmanned vehicles.

Where there is conflict between continuity and maximum potential
duration, continuity should take priorily.

1.2 To demonstrate econcmical operation by reuse of the first
Orbital Workshop cluster, maintaining program flexibility to
establish a new workshop whenever circumstances or program decisions
dictate.

1.3 To conduct further solar observations using the ATM while
operations with the original cluster continue.

1.4 To conduct earth observations in support of meteorology and
earth resources (APP-A, APP-B) preferably at inclinations achieving
or approaching 50°.

2. Guidelines and Assumptions =

2.1 The presentation should cover the feasibility of increasing
CSM duration (to approach 90 days) in revisiting the original cluster.

2.2 To maintain program flexibility, CSM's should be capable of
cperating either with the original cluster or with a new cluster.
Performance penalties, if any, should be brought out, together with
configuration changes or modifications to avoid them.

2.3 An integrated systems engineering analysis of the CSM to support
these missions should be provided. This should use the CSM as defined

for the AAP 3 mission as a baseline and show, subsystem by subsystem,

the improvements needed. + should also show the continuity (or lack of
it) of this development with the spacecraft needed to support the
missions later in the program (i.e. extended lunar operations, synchronous
earth orbit, early space station operations).

2.4 A similar enalysis of the second workshop (OWS/AL/MDA) should
be provided, using the first as a baseline.

2.5 The baseline mission sequence should show alternating pairs
(manned and unmanned) and single manned flights, spaced to allow
reasonable overlap. If additionsl ummenned supply or experiment
carriers are needed to attain the objectives they should be shown as
increments %o the baseline.

2.6 In presenting the reuse of the original cluster, we should leave
open the question of when to initiate a new cluster; hardware to support
a new cluster should be available to start in the first quarter of CY TO.
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2.T The new cluster should be shown at about 250 n,m, with inclina=
tion as high as possible, assuming launch vehicle performance based =
on the use of four solid strapped-on rockets on the SIB.

2.8 We should not include artificial G experiments in the baseline
profile.

2.9 We should review both spacecraft and launch vehicle check out
Procedures to assess the feasibility of shortening the pad turn around
time.

2.10 We should show how useful fall-back missions can be flown using
the hardware developed for the baseline missions.

2.11 We should identify areas needing further work to resolve critical
questions and our plans for such work.

2.12 We should prepare cost and schedule data for spacecraft and
launch vehicle development and procurement as a basis for definitive
evaluation of our ability to earry out the necessary activities.

2.13 Ten sets of paper copies of material Presented and the reports to back
it up should be prepared for distribution at the dry run.



Attachment 2

Cutline of the Presentation and Action Assignments

ACTION
MLA 1. Program Goals for the second year of AAP operations
in Low Earth Orbit
1.1 Extension of Monned Space Flight Capability
- Operations
- Long Duration
1.2 Experiment Activities
MLA 2. Assumptions and Constraints
MSFC with 3. Baseline Mission Profiles and Performance Summary
MSC support °
3.1 ZLaunch Vehiele Performance
3.2 Mission sequences and variations
3.3 Gross weight summaries
3.4 Altitude vs. inclination vs. duration trade off summary.
MsC 4., CSM Configuration and Subsystem Performance.
4.1 Baseline CSM for AAP-3
4.2 Summary of requirements for future missions
L.,3 TImpact of Workshop features on CSM Performance
L.l Subsystem performance analysis
L.5 Failure modes and effects
MSFC with 5. Orbital Workshop Configuration and Subsystem Performance

MSC suppor®
5.1 Original Workshop (OWS/AL/MDA)

5.2 Improvements in Second Workshop
5.3 Subsystem Performance

5.4 Reusability analysis including shut down for storage
operations

5.5 Failure modes and effects



MSC

MSC

MSFC/1MSC

MsSC

KsC

MsC

Each Center

6. Experiments and Payload Carriers
6.1 ATM

a. Objectives
b. Reuse of ATM ;1
c. Backup use of flight prototype

El0 /PDs B oond B

a. Objectiveg
b. Experiments
¢c. Carrier

6.3 Medical Experiments

a. Reuse of Workshop ;L
b. IExperiments and Monitoring for long duration
build up & :

6.4 Others

T. Crew Factors

T.1 Time line Analysis
T.2 EVA
T+3 Traloing

8. Launch Operations
9. Mission Operations
9.1 Planmning and Software

9.2 Mission Control
9.3 Recovery

10. Contingency Modes

1i. Costs and Schedules

in its area of
responsibility
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LLOVELACE FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH

B200 Gibson Boulevard, Southeast Albuquerque, New Mexico 87108 Phone 26G5-1211

DEPARTMENT OF AEROSPACE
MEDICINE & BIOASTRONAUTICS

A. H, Schwichtenberg, M.D.

Bepariment Head

E. M. Rolh, M.D. =
T. M, Fraser, M.D. Ma.y Za, ]. 967

i §. Finkelsfein, M D,
D. E. Busby, M.D.

; Mrzr. H. 5. Brownstein
Code MM

NASA Headquarters
Washington, D. C.

Dear Mr. Brownstein:
Enclosed you will find a critique of the "Physiology

in the Space Environment. Volume II. Respiration!
by the NAS -NRC Space Science Board.

Sincerely yoyrs,)

Eonvi. Roth, M. D,

EMR:dt
Enc.

7 P. 5. Nitpicking in the text of each chapter will follow.
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Physiology in the Space Environment

Vol. II. Respiration

Introduction

The reviews presented in this document appear to be up-to-date
discussions of respiratofy physiology as it relates to the spa-ce program.
The major criticism is a lack of discrimination between those study areas
which appear to be obligatory for development of safe and efficient space
programs and those which are of secondary scientific importance. Several
of the papers appear to contain misinformation with errors of both omission
and commission. The recommendations of each group will be reviewed
and an attempt made to dissect programmatic requirements from basic
scientific curiosities and to indicate the relative role of ground-based vs.
in-flight experimentationin attacking the problem.

A basic criticism extending to several of the chapters is the use of the
term deconditioning. The cardiovascular and muscular adaptation to zero g
are not always parallel., The adaptations themselves must be dissected irom
the significance of these adaptations to secondary stress imposed by subse-
quent EVA, planetary operations, or return to earth. It appears that skeletal
muscular changes can be easily countered by appropriate exercise regimens.
The cardiovascular effects, however, require further analysis and appear
to be more resistant to change. Since the ch;a.nges appear as an adaptation
to zero g, one must consider consequences of any in-ﬂight training program

to operational capability during flight as well as to post-flight operations.

7} iy -
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1 Structural ‘Changes in Lung and Thorax [&G 22, u/

General

There is no reason to believe that with appropriate exercise

of thoracm rmuscles during flight, there will be any alteration in

g Q

mechamcs of breathing, The term ‘'general deconchtlonmg of the



body" is not appropriate. Muscular ‘'deconditioning! is specific

to muscle groups inadequately used during zero g flight and there is

G G

no reason to feel that the muscles of respiration need be inadequately

used,

Recommendations

1. Histological changes in the lung arising from elevated POz
can be and are being studied in ground-based chambers. Marked
species specificity invalidates many of the conclusions drawn from
animal work (WADD TR 66-120 and 1967 Conierence), This recom -
mendation falls into the basic science class and has no immediate
programmatic significance. : ;

2. Damage to the lung at high g loads has been found in animals
exposed to g levels with ''g" x time proiiles much greater than required
for normal operation in humans. However, contingency modes or
emergencies may impose such loads on astronauts and so the basic
mechanics of damage should be studied. Since high g loads of reentry
may follow zero g operations, and since adaptation to g will probably
change the vascular reactivity and volume changes in the thorax, such
work should include overloads imposed on animals reentering from
orbit. This recommendation is of basic science variety but does have
some significance to the treatment of human emergencies in all pro-
grams. (Air trapping and atelectasis will be covered below).

3. There is not even indirect or theoretical evidence that the
lung is a significant target when exposed to expected levels and rates
of external space‘fadia‘cion. Since the marrow, GI tract, and skin
are so much more important, I would consider this recommendation

to fall into the basic science class and to be given the lowest priority.

2. Respiratory Mechanics (Chapter 5)

General

(3

I agree with the summary but feel that there will be little change

in cough since the kinetic energy of the gas stream will be unchanged.

.



There are probably secondary factors which may alter the cificiency

of the cough.

Recommendations

1. These measurements will no doubt be altered by factors
discussed in chapter (3). The small changes expected and minimal
operational significance places this in a basic science category
which requires in-flight study.

2. Cough mechanism is of great importance and should receive
more study under reduced pressure. Since there is little or no

theoretical effect of zero g on the cough mechanism other than greater

(GRY;

case of moving particles up the respiratory tree, ground-based study
should be adequate. Since experience in chambers and in flight have
shown no obvious change in coughing ability, this recommendation
should fall into the basic science category.

3. In view of emergency g loads factors discussed in chapter (3},
this recommendation appears valid, requires only ground-based study
and would fit in a basic science category. Validation of data from
cadavers must be lconfirmed in primates before human limits can be
set from cadaver study alone. : j

4. This recommendation has programmatic significance in that
DuBois has shown that human susceptibility to atelectasis can be pre-
dicted by air-way conductance studies (DubBois 1966 reference in
chapter 4). [Ifeel that air-way conductance at speciiic lung volume
should be used as an astronaut selection test in order to weed out those
candidates who will be susceptible to atelectasis. More ground-based
studies correlating individual air-way conductance patterns with
susceptibility to subsequent high g environments followed by 100% O2
at 5 psia are required, If inert gases are used in the cabin gas mi,xtt;re,

such studies will probably not be necessary, since only 5% of inert

gas can counter the atelectatic tendency in susceptible individuals (DuBois

1966}. : :



5. The predisposition to infection produced by atelectasis in
animals should be studied as part of the basic science program. This
issue is continually raised but not answered by concrete work., Human
data is usually from post-anesthesia experience and not especially

pertinent, Ground-based studies should be adequate.

3. Preliminary Gaseous Diffusion (Chapter 5)
General

Il agvee with the summary.

Recommendations

1. As part of the basic science program, such studies appear
justified. Both ground-based and in-flight studies are required.
Oxygen at 5 psia in past ground-based studies has not produced
significant diffusion changes in humans. Species specificity is so
significant that animal studies will probably provide very little more
useful data for the manned program than has already been obtained
(WADD TR 66-120 and 1967 Conference). Other than giving a general

view of functional capacity of the lung, I doubt that the diffusion

g <

capacity can predict more exactly than simpler functional data that
“"reentry is dangerous''. For in-flight human experimentation,
diffusion studies should be.included as background information in case

cryptic symptoms arise,

4. Pulmonary Circulation and the Distribution oi Blood and Gas in the Lungs
(Chapter 6) ;

General

This is an excellent, logical review of this subject.

Recommendations

Most of the recommendations fall into the basic science category
with very little effect on specific flight programs. They will help

in evaluating alteration of response to subsequent environmental



5. Regulation of Breathing (Chapter 7) -

stresses imposed by the pulmonary and systemic, vascular adapta-

tion to weightlessness. Rational planning for treatment of emer-

1

Gl

gencles requires that such data are available.

l. The first six recommendations require animal and human
experimentation in an orbiting laboratory. They represent the most
critical basic science data to be obtained in the flight programs and
must be backed up with appropriate ground-based controls. They
should be coupled with responses of the peripheral circuit to similar
environmental stresses, :

2 Récomméndation No. 6 appears to be somewhat naive in that
more precise data are needed in central venous and left atrial pres-
sure that can be obtained by external observation of neck veins. The
current study of Lawrence Young for Dr. Vinograd would be more
pertinent than this recommendation.

3. Recommendation No. 7 has already been covered in Chapter

Gl

General

I agree with the summary.

Recommendations '

1. Ido not see where these in-flight data would be of help during
launch -and reentry. Response of ventilation to g load is well known
from ground-based studies and in-flight data should be no different.

During weightlessness such data would help to evaluate the

exercise problems encountered during EVA. These studies should

be part of the in-flight human experimentation with ground-based

controls.

2. Much of the ground-based work has already been performed
at the USAF SAM. The combined effect of increased CO, and hyper-
oxia on ventilation during exercise should be performed on the.ground
and in flight as part of the human experiment program and receive

top prio ritjr ¢
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Exchange of Fluids in Lungs (Chapter 8)

General

I agree with the scientific points made in this chapter but
find the applications most impractical. I cannot fantasy {fluid
in lung or pleural spaces ever being required during nominal oz

contingency operations.

Recommendations

1l and 2. These are basic science studies requiring in-flight
and ground-based data. No spec.ific programs depend on the find-
ings, but the data fnay be of value in optimizing the treatment of
medical and surgical emergencies in future space ilights.

© 3. This is a far-out basic science type of study which should
be given low priority.

4, Much more should be known about surfactant in the lung
during exposure to different gas mixtures. The treatment of pulmonary
edema and other lung emergencies depends on knowledge oi this
factor. Ground-based animal and possibly human experimentation

will be required.

Respiratory Tract Clearance Mechanisms (Chapter 9)

General

I agree with the summary.

Recommendations

1. There is a potential problem of sinus clearance in long
duration space flight. Ground-based work on the problem has already
been done, Thought might be given to improvement of sinus drainage
by mechanical means in zero g environments. Animal studies of
mucous clearance in zero g paralleling ground-based controls ma-y ‘:,
give some insight into future problems especially when respiratory
infections are superimposed on the normal mocosa. Such studies
would have to be placed in the basic science group, in-flight, with

moderate priority,



2. Ciliary preparations have been hard to interpret even
in ground-based studies. It is difficult to foresee any effect of
zero g on ciliary movement. As a basic science item, it should

probably be given low priority.

8. Diffusion of Gases in Peripheral Tissue (Chapter 10)

9

Generxal

This good review of.diffusion problems indicates the difficulty
of measurement on the ground and the paucity of critical data. Much
more data are needed on the ground before data in-flight would be
interpretable. Evidence of tissue hypoxia in flight has not been
seen. Alteration of intercapillary distance in the periphery
would be expected during the systemic vascular response to weight-

lessness, but dynamic measurement is too difficult,

Recommendations

1 and 2. These are basic science problems of ground-based

variety with no programmatic significance. They should be given
i Y

.'moderate to low priority.

3. This problem is of greater significance in interpreting
peripheral vascular response to weightlessness and in medical
handling of emergencies., In-flight studies in animals are required
but will be difficult to accomplish. Moderate to high priority should
be given to the problem. The studies of Oberg of Gbteborg, Sweden,
would be a good model (Oberg, B., Effects of Cardiovascular Reilexes
on Net Capillary' .Tr'ansfer,, Acta Physiological Scandinavica, Vi 02,

Supplement 229, 1964).

Temperature Regulation (Chaptexr 11)

General

This author betrays throughout the chapter a general naiveté

QR ¢

regarding the subject. Helium, for instance, will increase:not



decrease respiratory heat loss. Also the decrease in plasma
volume during adaptation to weightlessness should have a definite
effect on thermal tolerance during such emergencies as ECS

thermal failure on the lunar surface.

Recommend ations

1. There is a theoretical grativational effect on evaporative

(gR e

heat transfer which should be included in respiratory loss calcula-
tions. The relative effect on total water transfer will be altered
by many secondary factors such as forced iflow in the tract, Empirical
study will be required, In-flight data could be obtained in human
laboratory programs but only moderate priority given to such studies

in view of the small potential factor expected from theoretical
considerations.

Z, This could be a ground-based study to supplement the data
already available.

3.. This is an important peoint, especially in the EVA éituation.
Combined ground-based and in-flight studies, in the presence of
exercise,. may help to dissect the thermal and H,0 problems experienced
in EVA, The effect of zero g on vascular response to heat is also a
problem requiring active study. These should be given top priority
in program plahning. ‘

4. The minor changes expected would shift this to a low priority
effort with ground-based and possibly in-flight data.

5. In view of the constant POZ on earth it is not clear why
periodic alteration of oxygen is required. The decrease of tempera-
ture at night may have significance to circadian rhythm in field
animals, but not nearly as much to humans. Since clothing alters
the microtemperature during day-night changes, this recommenda-
tion should be on moderate priority and relegated to a study of
temperature-clothing preferences in flight during different operational

conditions.



10. Oxygen Pressure at Near-Normal Partial Pressures (Chapter 12)

General

The author appears to be out of touch with many of the
physiological considerations in the space program. For example,
sensitivity to radiation is not significantly altered by 5 psia O, or by
the levels of hypoxia one would allow during space operations. The
choice of 5 psia O_wvs, 3.5 psia was not "predicated largely on heat
exchange of the a.s?ronauti and of instruments'. Prime factors were
reduction of decompression sickness in early phases of the mission
as well as reduction in atelectatic tendency during the ilight. The
5 psia choice also facilitates emergency suit operations and increases
the survival time after cabin puncture. The acceptability of partial
pressures of oxygen lower than normeal have been well studied in
aviation medicine where chronic exposure to 8,000 to 10,000 it
equivalents without prior acclimatization is the accepted threshold

level.

Recommendations

1 and 3. These recommendations are fine except for the fact
that the total mission reliability must be considered and not jusf
physiclogical responses.

The relationship between blood toceopherol levels 5 psia OZ
and red blood cell destruction seen in the astronauts of the Gemini
program should get top priority work in ground-based animal and
human study and followup in the Apolloc. Recent studies of Mengel
at Ohio State University point out a good experimental model. The
different adaptive changes in the tissues of animals (WADD AMRL
TR 66-120 and 1967 Dayton Conference) suggest that species dilferences
preclude adequate evaluation of human response by simple animal =
exposures., One method of normalizing the response of animals to
that of humans would be to make the animals tocopherol deficient
to the point where they lose a red cell mass equivalent to the human

loss seen in elevated OZ environments. Even this approach does not

guarantee that other organs will behave in parallel fashion.



In any case, use of elevated POZ in space missions requires at
least equal time of exposure in simulators of at least 2 and
preferably 4 or more humans prior to space use.

2, This recommendation has been discussed above in the
summary where it is suggested that adequate data on chronic
exposure to low = O, are probably already available. What is
required is an optimum curve for acclimatization rate up to 19, 000
{t equivalent altitudes above which chronic adaptation is not possible.
The data of the Everest H;Ha.ry Expedition point out the adaptation
problems. The use of drugs te speed adaptation during emergency
periods of low 'POZ should be studied. Preliminary findings of :
Albrecht and Albrecht suggest the Swiss drug Solcoseryi may increase
the adaptive response under such conditions.

There are many gaps in our knowledge of response to acute
hypoxia which should be filled to optimize therapeutic methods.
Acute hypoxic emergencies have already occurred at NASA Houston
and elsewhere in the space program. The following areas require
further study: 7

1., Eifect of various work loads on time of useful consciousnessc

—
LS

at various hypoxic levels of ambient oxygen.

2. Optimum emergency decompression modes for cabin purging
OT oxXygen conservation to maintaiﬁ an astromaut useifully
conscious during controlled decompressions in space.

3. Most effective drugs and drug regimes for the resuscitation
of an hypoxic astronaut.

4. " Further studies of the pathophysiclogic mechanisms of
reversible and irreversible brain cell damage from hypoxia.

5., Further empirical étudy and clinical assessment of the
effectiveness of cerebral dehydrating agents and/or hypo-

thermia for treating so-called post-hypoxic cerebral edema.

In view of the importance of hypoxia in space emergencies, these

studies should be given high priority. Ground-based simulation will be



adequate. Details may be found in the recent study of Busby, D. E.,
Clinical Space Medicine = A Prospective Look at Medical Problems
from Hazards of Space Operations, 1967.

4, This is, of course, a necessity just for control purposes.

5. The minimal effect of 5 psia O, on radiosensitivity of mice
may be dose rate-sensitive with x-rays (Benjamin, F. G. and
Peyser, L., Effect of Oxygen on Radiation Resistance of Mice, Aero-
space Med. , 15_: 114?-114;9, 1964 Helvon Al ™A and Kieby i, bs. ;

J
Total Oxygen Pressure and Radiation Mortality in Mice, DAC-P-2030,

Douglas Missile and Space Systems Division, Santa Monica, Calii.,
1964). Little work has been done on 'proton-OZ relationships. IFzorn
other studies, the OZ sensitivity would be even less than that for x-rays
(Roth, 'E. M., Space-Cabin Atmospheres. Part I. Oxygen Toxicity,
NASA SP-47, 1964). Studies are now underway at Berkeley on this
question. Proton effects under reduced POZ have not been adequately
studied, From x-ray data, frank tissue hypoxia is required for
significant effects. Moderate priority should be placed on such
ground-based studies. Chronic low level exposure to proton radiation
is another moderate to low priority requirement. Much work has
already been done with x-rays and gammas and can be extrapolated

to protons which have an equivalent RBE.
P v

11. Considerations of Carbon Dioxide Concentration (Chapter 13)

General

The acceptahle CO, levels of spacecrait cabins have nothing

to do with Ythermal exchange.! The power penalty for COZ absorb-

tion required to maintain lower levels of CO2 begins to climb beyond

reasonable levels at lower cabin pCOZ. Much work has already beex
done on low level exposure. Eifects at 7.6 torr or less have not had
adequate controls out of the chamber or simulator environment.

Data of Schaefer and recent studies at USAF SAM indicate current

) U

levels are reasonable for long duration flights (Busby, D. E.,
Clinical Space Medicine - A Prospective Look at Medicdl Problems

from Hazards of Space Operations, 1967).
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Recommendations

1. Time-concentration curves for ermergency exposurc arc
available with conversion to low pressure environment. Addition of
5 psia O to these CO levels must still be accomp olished., This dan
be done on the ground. Little differonce is expected from co,
air exposure and low priority can probably be given to this euort.

2. These should be measured for baseline values durmg wake- -
fulness and sleep in orbiting laboratories.

3. In view of the general remarks, this could be a low priority
effort, Past space flights indicate no progressive difficulties from
Co, even in the 14 day flight.

There are many other CO2 studies not mentioned which should
be considered. These are:

1. Man's response to low level chronic CO?. exposure in

various possible space atmospheres.

2. Effects of COZ on man while asleep; evaluate the possibility

of his suffering the clinical manifestations which can '
accompany CO, withdrawal when he awakens.

3. Further studies on the combined effects of heat and COZ

=

and cold and C}O2 on man; could CO?. increase an astronaut!es

susceptibility to heat and cold.

4. Eifects of CO, on work capacity and/or psychomotor task
performance. This is most important for evaluation of

. EVA problems.

5. Uifeet of COZ on orthostatic intolerance. The vasodilatory
response may be an impértant factozx.

‘4. Search for practical measures to enhance the total boay
buffering ca.pa_c\:ity on exposure to CO,.

7. Further studies on CC)‘2 withdrawl - the operational defects
brought on by sudden removal of subject from high te low

CO2 environments.

/



8. Drugs for treating symptoms of COZ toxicity.

9. Response of CO, -acclimatized man to ‘an acute exposure at
higher CO,.

10. Diuretic response to CO, with exposed individuals perform -
ing at variable workloads and gravitational environments,

1l. Effect of chronie CO, exposure on gastyic acid secretion
in man.,

12, Further studies of effect of chronic CO, exposure on

adrenal cortical activity and calcium metabolism.

The first nine studies should be given high priority as ground-
based work. The next two should be given moderate priority. The
last study will require orbital ¢capability for full simulation of calcium

interactions.

12. Inert Gas (Chapter 14) ;

Q0

General

This review is most deficient in discussion of the engineering
implications of inert gases. It should be remembered that there will
be relatively little fire safety gained from the addition of 1.5 to 2
psia of inert gas to 3.5 psia 0of O,. The ignition energy foxr solids
will hardly change (see Huggett,AF-SAM-TR 66-85). The rate of burn-
ing of fabrics as compared to a comme rcial jet cabin will be 3.5 times
greater in 5 psia OZ; 2.3 times greater in 5 psia 70% 02-30% He or
D, and 2.0 times in a 7 psia 50-50 mixture. Use of an inert gas at
1 g and in suboxrbital phases of flight is probably mandatory. In
orbit, the burn rates in the different gas mixtures will probably be
equivalentto or less than those in air at sea level and 1l g. Ifeeltheauthor
has overstated the advantages to be gain.ed by use of small percent
of inert gas in the orbital cabin fire problem.

Another area of disagreement is the use of inert gas in space
suits, In a space suit, the risk of fixe is so low and disadvantages
of separate suit and mask circuits are so great that 100% O, in both
circuits appears, in my view, to be the way to go, :

13



Recommendations =

1. Iagree with this recommendation f{or a two-gas atmosphere,
Past studies in evaluation of nitrogen vs. helium in decompression
sickness have one major defect. The studies have been focused on
the decompression hazard in EVA and crew transier during the first
few hours in a mission. During the unsteady‘state when nitrogen is
being lost from the body and helium taken on, there is a slightly
greater decompression risk with hellum. No dataareyet available on
the steady state condition after 10-12 hrs. of flight. Theory suggests
that helium may now present a slight advantage. Work should be done
to validate this concept. . §

Present animal work comparing the inert gases nitrogen, helium,
and neon has been naive and inadequate. Rodents cannot be used in
such comparisons. The rate of inert gas exchange in these small
animals is 1-2 orders of magnitude greater than that in humans. Any
gas difference would be masked under such conditions. It is recom-
mended that goats or chimpanzees be used in hith priority, ground-
based experiments to evaluate the relative decompression hazards
of the 3 gases with expo.sures both to space suit pressures and to
vacuum. It is disturbing to see sweeping conclusions and extrapola-
tions cast about in the light of such inadequate data.

2, Agree, program oriented, high priority.

3. Agree, program oriented, high priority.

4_'. Agree. A recent finding presented at the Third Annual
Conference on Atmospheric Contamination in Coniined Spaces, Wright-
Patterson AFB, Ohio, suggests that chronic cellular adaptations to
5 psia 70% 02—30% nitrogen are of the same type but more severe than
to 5 psia 100% Q..

P : i ; ; : L
view of the normal O2 levels, This basic science work should be

There is no obvious reason for these findings in

repeated at a moderate to low priority level.
5. Agree. See comments under recommendation No, 1. Little

-

is known about the bends susceptibility of the astronaut group. Future



prediction of optimum denitrogenation scheduling, bends incidence,

and severity depends on data not now available on average denitrogena-
tion rate and bends incidence under exerxcise provocation of men

with age and physical fitness of the astronautcs. Little or no data are
available., Future computer programming of optimum scheduling

demands such data. I would suggest this as high priority work.
gg ? JES Y

‘i =

Computer programs such as those of Stubbs (Stubbs, R. A. and
Kidd, D. J., A Pneumatic{_Analogue Decompression Computer, RCAZX -
IAM-65-RD-1, RCAF, Institute of Aviation Medicine, Canada, April
1965} are now being used to schedule decompressions in the Canadian
Navy. Stubbs feels they could be altered to allow programming of NASA
decompressions from miixed gas environmeﬁts. This is the only method .
one can use for the unsteady state,inert gas conditions arising from
use of different atmospheres within each mission., This work should
be given top priority. ‘ :
There are several clinical areas which require further study:
l. Deecper study of pathophysiology of ebullism in primates.
Past work has focused on survival time and psychomotor
defects following decompressio-n to a vacuum. Much more
work is required on the defects and treatment of animals
who are exposed beyond the point of transient psychological
defects, Ebullism will be a constant problem in EVA and
planetary operations. We are neglecting this area.
2‘,. Efficacy of 'low pressure - high O?_ profiles® in hyperbaric

recompression for treatment of decompression sickness.

L8}

Empirical and clinical studies of various drugs, such as
cerebral dehydrating agents, anticoagulants, and lipemia-

clearing agents, for treating decompression sickness.

The studies of Roth (Roth, E, M., Space-Cabin Atmospheres.
Part III. Physiological Factors of Inert Gases, NASA SP-117, 1966),

and Busby (Busby, D. E., Clinical Space Medicine - A Prospective

,._,
o



Look at Medical Problems from Hazard: of Space Operations, 1967}
cover these points. The first suggestion should be given top priority

and the other two, moderate priority in ground-based simulation.

Trace Contaminants (Chaptexr 15
£

General
I agree with this discussion.

Recommendation

1. Agree with this statement. More emphasis should be placed
on fire products and fire-product-extinguisher combinations. These
can be done in ground-based studies and should receive high priority,
I do not see that the cardiovascular adaptation to zero g will interact
strongly with the known contaminants. I would reserve the zero g
studies for moderate to low priority until an index of a stronger coupling
is available for any contaminant or combination.

2. I would change this from hypersensitivity to idiosyncrasy. I
know of no allergic reactions te the materials found in the cabins.
None have been reported in submarines (Schaefef, K. E., personal
communication). .

3. Agree. This should be a high priority item as part of
QART effort.

4 and 5. Ag:l.:ee. Especially synergism with hyperoxic environ-
ments and drugs in high priority, ground-based studies (see comments
on dru‘g's in Chapter. 18). Such studies should be considered of basic
science type and can be performed in ground-based laboratories.

6. The alteration of toxicity by concentration of particles
requires study. This basic science effort should be given a moderate

priority.

14. Particulate Matter {Aerosols) (Chapter 16
s P ok 3¢

General

Agree with discussion,



Recommendations

Lynily 4, 5. Agree, . Basic science type of research with
oderate to low priority requiring zero gravity simulation.. Little
effect on current programs,

3. I similar {filters are not available, programmatic resecarch
of high priority - ground-based.

6. Very low priority, basic research.

15. Infection (Chapter 17) =
General
The discussion of this chapter overlooks many of the practical
realities of day-to-day operation. Selection of crews for cross-
match compatability may be a long range goal.l Isolation of crews

before takeoif for infection control appears quite impractical.

Recommendation
L. If a blood transiusion capability is present in a mission,

much care should be taken to get compatible crews. The value of
other immunclogical compatability appeai's remote.

2. Impractical at first glance; timning and scheduling should be
considered as should socio-psychological aspects.

3-6. Appear to be long range basic science efforts of moderate
priority. '

7. This should have higher pricrity and requires both ground-

based and flight study.

16. Respiratory Drugs and Manned Spaceflights {Chapter 18)

General
Alteration of drug response in space ¢abin environments has

received little or no experimental study. Recent data indicate, for
example, that the antibiotic, tetracyline, will kill mice at 5 psia
100% O, at therapeutic doses which give no lethality at sea level

conditions. All drugs to be considered for space use should be tested

(@G



for such synergisms with the atmosphere. The review of Busby
should be consulted {Busby, D. E., Clinical Space Medicine - A
ik

Prospective Look at Medical Problems from Hazards of Space

Operations, 1967).
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