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The purposes aof this paper are o describeSthe rationale used

by the staff of the Medical Research and Operations Directorate
D To ©VALUATE _ _ _
rmevatueeting strategies for extending the duration of manned
space missions,Ato identify the essential sources of data for

evaluation and decision-making, and to state medical constraints
A

governing mission extension for Skylab missions 2 and 3.

Mgt o T oS Taeratren—of—extending the duratiaon of ontinuoﬁs
human exposure to the space flight environment must deal with
the unresolved question of the overall suitability for long-term
human existence of the null-gravity state and the physical

<
environment afforded by a spacecraft E:gii%ﬁl; Data from
U.S. and Russian flights have demonstrated that significant

physiological changes occur during the course of manned space

__missions. Gurrent-theeries—te—axplain these—echanges—gemeradty
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egwee—that the absence of a gravity vector results in alterations
in the distribution of blood flowing through the circulatory
system. These alterations initiate automatic (reflex) responses
in the nervous and endocrine systems, resulting in major read-
justments in physical and chemical processes within the body.
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£he question e+ whether these processes stabilize after a
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period of acclimatization, establishing a satisfactory new
equilibrium state for the control of fluid and electrolyte
transfer, as well as body metabolism, or whether the

alteration in the physical environment initiates a continuously
unstable situation, leading to the gradual decompensation of

regulatory processes and collapse of the individualg &&=thow—

wkey point which.muse—beo-iasaliad.

Progress toward resolution of these problems requires aédéitienah
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of new fwadamental knowledge about

cNTIRT
Guweh*’human physiology or *ﬁ—éhe—éezm_césgmpﬁﬁeeak knowledge gained
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EQAP‘(h& 5 vﬁexposure of people to weightlessness for increasing
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periods of time. The ke#ter apprcach i followed

to date in the manned space flight program andums*a%unﬁeseﬁu!
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Uafoxtunabsaly, this-simple.amd—straigittforward-approach~te—the.
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é;ysiological changes discussed above are not detectable through
ordinary inflight subjective or objective methods of observation
and health status determination until major system decompensation
occurs. The exposed individuals can become abruptly incapacitated
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Q and can tremsitien in a matter Tf=e=few hours from an apparently
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4;:ﬁxhsh—ﬂeimaé—hea&enjyasa state of shock and* total collapse.

Moreover, the major effects cf the interrnal readjustments that




take place within the body to maintain normal functions
during orbital flight may not become apparent until reentry
and landing. It is entirely possible, therefore, that a
crew could perform normally, feel essentially well, and be
judged to be in satisfactory condition, based on all operational
biomedical parameters available to the ground throughout a
Skylab mission, only to find during reentry that they had
undergone an insidious process of deterioration and were
totally incapable of functioning or even assuming an erect
posture in a lg force field. 1In this regard, it is noteworthy
that the Russians have reported that the cosmonauts aboard
Soyuz 9 were physically incapable of moving out of their |
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crew couches upon landing af&eex approximately 18 days of
earth orbital flight. The Soviets have also stated that
throughout the course of the flight, there was no indication
on the ground, or awareness on the part of the cosmonauts,
of any significant alteration in their physical condition.
It ié, of course, an objective of the Skylab program to have
each crewman physically sound and capable of accomplishing
any action required for his safety under his own power,

throughout all phases of each mission, including recovery.

During the Mercury program, it became apparent that neither

ground-based laboratory models nor inflight monitoring of the
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available physiological parameters were—Gapablamolproividing

&Ificientinfermatiens to predict how an astronaut would

respond to the return to a lg environment at the conclusion

of a mission. A policy of cautious incremental extension of
flight duration was &eewescre proposed according to which the
postflight condition of the crew at the conclusion of each

new increment of exposure to weightlessness became the key

data point for evaluating the feasibility of embarking on
subsequent longer flights. As a rule of thumb, Tt—wes—pPropeosed.—

W s W
—tirrt—seo—tong—ae postflight examination findings frem—aRyethbieie.

CnMeE® Ta
Tird=—net reveal a 51gn1f1cant degree of degradation of

the functional status of major body systems, the next 1ncremental
extension of mission duration could be determined by doubling

the length of the longest successful bg-—pegetiated flight. This
informal policy became so well accepted that early plans for

AAP missions were based on doubling the 14 day longest flight

of Gemini as an initial increment, followed by doubling the
proposed 28-day exposure and planning for subsequent missions

of 56-days duration.

Actually, the mission-doubling rule based on postflight data

alone has an upper limit of about the two-week flight duration.

In the absence of detailed inflight medical data, it is not

possible to extrapolate the long-term space flight effects




on one crew based on the short-term experience of another

crew,

duern e
Theﬁacquisition of inflight physiological data in the Skylab
flights permits the missions to extend from 14 to 28 to 56 days.
rt h.—“data' will permit the physician to determine in
near=real-time trends in physiological systems which would
indicate medical problems.

Our zanalysis of the vhysiological changes measured inflight
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to date indicates that sf—thaxe Is progressive deterioration Jcey
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eceurEim.,, there muwed=la concomitant loss of body mass, a net

fluid loss, and a progressive deterioration in the capacity

of body systems to respond to demands for increased work or

high-energy expenditure.

The measurements being made for Skylab medical experiments
will detect some of these changes if they occur during the
flight. The repetition of these measurements at %hh-planned
intervals will permit both the magnitude and the rate of
change to be determined as a function of flight time. The
measurements of primary vaue in this regard include whole
body massj intake of food and liquid (both quantity and type);

urine volume; response of heart rate, the vectorcardiogram

pattern, blood pressure and lower limb volume to the lower
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body negative pressure procedure; and subjective feelings

along with the response of heart rate, blood pressure, respiratory
rate and volume, oxygen uptake and CO, production to the

bicycle ergometry procedure. Assuming that these measurements

are accomplished essentially according to schedule and that the
data from them are received in the Mission Control Center, it

will be possible to assess the physical condition of the

crew and the feasibility of continuing the mission.

Specifically, it will be possible, wrren=themcanditions

the Skylab 2 missiog& whether the condition of the crewmembers is
stabilizing re—the—weighrttess—cRUllonReR: OF undergoing a
continuous process of deterioration. A limit of allowable
vdeconditioning" will be established preflight‘aad-if crew
condition continues to change during the third week, both

the magnitude and the rate of change in the measurements

\ ool o f
previoUSIy UTsesibed will be analyzed #@ provide to 5-day

projections of crew condition smesmEm to assure their

T
capability -e& performiag competently during reentry and landing.

OnMe—key—porrt—thert=TS baaéc Ee—&hg:fzzzgofng—dtgfﬁs51on st

Fremtrdrr e b A e, 4$he intervals between repetition of

individual measurements on each crewman specified in the




Skylab Medical Experiments Plans have been based on the
expectation that most of the phy51olog1cal changes_will occur
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during the first two weeks of fllght awd that the planned bkﬂwq
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sequence of repetitive measurements will document
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physiological adjustmentse&&fﬁﬁﬁﬁf&ﬁlns:ﬁhe acclimatization of
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the crew bc—werght*eeeaess. ié~the phy51ologlcal status ““M\%
any of the three crewmembers contlnueJ to show a steep rate ;?“yﬁ Q
of change from preflight baseline values into the third week QQ(
of the missig i%¥m=y be—neeessary LU’dLCEL thre—freguency “\ Z'
*c are made in ordg;—to maintain suffic¢ient

visibility of the dynamic situationgto preclude the undetected
Y
transition any crewman into a dangerously deconditioned

state.

Table 1 presents a comparison between the presently scheduled
sequence of measurements and the potential maximum useful
frequency of performing these wsma.measurements if physiological
stabilization is not achieved after 14 days in orbit. The
redwmal scheduling of LBNP and ergometry in the contingency

case would be, (Of wacssSRMyy a task for real-time mission
planning, but the table identifies boundaries within which

this rescheduling would occur.
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SEMDly—=tw=mmt> lt is the position of the MSC Medical Directorate

that Skylab missions 2 and 3)%% with e

proposed extensions of manned flight , to 28 and 56 days
. . .y B P b Lo |
respectively, constitute major biomedical experiments gy ky=—wir=ech -
wx Bed-graa iy G U—u-.w.-«-.L.»vQ. .
%* Fﬁhe capability of man to acclimatize successfully to the

null-gravity state wieebe-trosted-adeng.uith the first.atbempe—te
L
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feirt~enuixannent . Ithhe capability of making these-measure-
/\

ments is los%}ﬁeﬁ-any-:eaaan. it will be necessary mirr=eke

e LeSbmefmaafety, to terminate the mission within three to
seven days following the loss of inflight data, deperdimo—vpon
tme—of data

~kQSse Table 2 identifies méwmsmum essential inflight data

requirements necessary for the medical support of continuation
! of the Skylab 2 mission for more than 21 days, assuming that
not even these critical measurements are successfully accomplished

during the first 14 days of flight.

Table 2

MANDATORY INFLIGHT MEDICAL MEASUREMENTS FOR
CONTINUING SKYLAB MISSIONS BEYOND 21 DAYS

1. All mandatory operational biomedical and environmental

parameters

2. Food and liguid intake plus Whole body mass accurate
urine volume output measure- to + 500 gm
ments as specified for the
MO70 experiments

or




3. LBNP and associated measure- LBNP with one lead of
ments as specified for ECG and blood pressure
experiment MO092 or

4. Ergometry and associated Ergometryv with one lead
measurements as specified of ECG, blood pressure,
for experiment M171 or and either CO, productlon

or 0, uptake.

The longer we can fly Skylab 2 with successful retrieval of

MEOICAHL
valld data frem—she-medical-sxpnariments, the more confidently

(C2 covmar~rn |
we will be able to eibianelabe—ows—dete—to—mssess the feasibility

of extending mission durations. Ne—phyeielegi-eai—blioakbhroughae.
are—antitipated—prior=te=the~schreduricd—tewachof Skylab—a-=that

right—e Mgt tHE e e s st y=~for—obtaimimg—actwat—fITERTt data

~to—evaluvate-thetompxtibrrity=betweemmamamrrphy .;.L""%

exteTded—Og-—spaee—ikeagit. In the event that data returns from
the first two to three weeks of the Skylab 2 mission strongly

indicate that the crew havE acclimatized to the weightless
g :l v A

environment and have

it adequate eempemsetdexil reserve capabilities to functlon
mk6 W‘\k
as=Tagldueed-during reentry and recovery, then tthFonduct

tirrowghewe—tire=fiigrt of at least the minimum set of measurements
) %w As
identified in Table 2 would serve as—ah—adesuate-capahdlity

. : o~
S ST O - RO F iR Gt b e Zont it is desirﬂtga—ie exten s

that mission to as long as 36 days. The at®wad feasibility of

accomplishing a mission of that duration will _ —e&—calxse be
(- M‘»kc‘/“d G.q»-.(u&«.«n_.l‘)

contingent upon evidence thatAthe Crew eemesiser continues

to be stable as the flight progresses. If the data are of
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marginal or unsatisfactory quality, or if crew condition fails
to stabilize, it will be necessary to terminate the mission
and evaluate the status of the crew on the ground before any

commitment to a longer duration mission can be made.

The planned Skylab 2 mission stands as a very genuine milestone
in the development of this nation's manned space flight
capability. The proposed medical studies should provide
answers to the question of the fundamental compatibility of
man with weightlessness. The feasibility of flying subsequent
missions, including Skylab 3 for 56 days as=pianned or longer,
depends primarily on how clearly that answer is obtained

from inflight data. If our technology is not up to the
challenge, *=men. the only alternative approach for the extension
of manned space flight tihert—the—medrent—staff—car-oftesr-atthis..
Limes is to conduct a series of progressively longer flights,
with each incremental exposure being five to seven days longer
than its antecedent, until postflight assessment of crew
condition after each flight extension can establish the
character and time course of man's physiological responses

to the flight environment.




PROPOSED USE

Table 1

OF KEY MEASUREMENTS FROM SKYLAB MEDICAL EXPERIMENTS

TO SUPPORT LEXTENDED DURATION FLIGHT

MEASUREMENT

REQUIRED PERI'ORMANCE FREQUENCY PER CREWMAN

Expected Situation:
Stabilization apparent
in lst 14 days

Contingency Situation:
No stabilization apparent
in 1st 14 days

Food & ligquid
intake

All intake measured &
recorded., Data collected
& evaluated in MCC lXper
24 hr.

Same

Urine volume

All urine output measured.
Data collected & evaluated
in MCC lXper 24 hr.

Same

Body mass

Mecasure & report 1lXper
24 hr. - g
Cosur A as w4 Y & IS

Sane

LENP & associated
measurements

sl b
(MO32)

upprozimately lXper

12 hr,

1Xper 24 hr.

Ergometry & associated
measurements
(M171)

*approXimately lXper
120 hr.

1Xper 72 hr.

*Actual interval between planned repetitions of these procedures varies among
individual crewmen due to total mission scheduling constraints.
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