B s s b e s 4 et 40 eV a5 ¢

~ APouo ff’lﬁ

APOLIO SUMMARY REPORTS

Cardiovgscul&r Findings

NASA/MSC Bone Mineral Studies

Bone Mineral Measurement

Fluid and Electrolyte Balance (Endocrine Homeostasis)
Hewmatology and Immunology '
Central Nervous System = sleep
Statokinesis !
Exercise Response Tests

Vestibuler System Disturbances




"a rag gt

b o e s S ks e R e

APOLLO SUMMARY REPORT
ABSTRACT

CARDIOVASCULAR FINDINGS

W. Hoffler, M.D., R. L. Johnson, M.D., ‘and

R. A, Wolthuis, Ph. D.

USA/USSR JOINT WORKING
GROUP ON BIOLOGY AND SPACE MEDICINE

; MOSCOW, OCTOBER 1971

/_I



ol

|
x

3

{

'produced some clarification of the total physiological picture.

APOLLO SUMMARY REPORT
CARDIOVASCULAR FINDINGS

ABSTRACT

A brief historical resume of American manned space
missions has emphasized the importance of alterations in the
cardiovascular system affecting human orthostatic tolerance.
Decreased orthostatic tolerance has been observed clinically
after Mercury £lights, measured by tilt table.stress testing
during Gemini, and elaborated upon primarily with the use of
incrementally applied lower body negative pressure (LBNP)
testing in Apollo missions. Correlation with multiple other
measurement data from other investigators has gradually
. rt

of 9 Apollo missions to date,.  LBNP has been used in four
(12 cremembers), abbreviated orthostatic stand tests were
performed in three missions; and both tests were used in one
m1551on. Apollo m1551ons have been earth and lunar orbitai
with four lunar landings (8 crewmembers); mission durations

have ranged from 143 hours to 295 hours and lunar stays from

»”

22> to 67 hours.

Results have been categorized by measurement Post-
flight values have been compared with preflight baseline
determlnatlons (3 each) on 1ndlv1dual crewmen.

Heart rate from an electrocardlographlc lead has been

the single most useful measurement. Of 21 crewmen tested,
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12 have shown statistically significant postflight elevations,

in their supine resting heart rates. Eighteen of this 21~

had significantly elevated heart rates during postflight ortho-

static stress tests. Heart rate elevations are directly

correlated with weight loss (averaging 6 pounds for the total

27 crewmen), which also correlates with fluid volume deficits.

Maximal calf circumference decrement postflight averaged
nearly 0.4 inch, indicative of muscle mass loss. Calf volyme
ehanges during LBNP have not reyealed a significant post- '

) flight pattern.

. Blood pressure, taken only every 30 seconds, has revealed
decreased pulse pressure during supine, resting and orthostatic
-stress states postflight in the majority of crewmen. There )
.also eppears to be increased lability of blood pressure post-{
flight.

Five cfewmembers experienced presyncopal episodes during
poetfliéﬁt stfess testing, a respohse not observed during pre-
flight tests.

The cardio-thoracic ratio determined on both pre- and
postfllght chest films for nearly ‘all astronauts has revealed
a highly significant decrement postflight (approximately - 02)
This decrement appears, however, to be directly, but non-
linearly, related to mission duretion. Further differences

‘are indicated by an apparent “"protective" effect for those

- crewmen who spent time on the lunar surface.
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The influence of other environmental conditions,
including possible circadian effects, on test results have
been critiqued. With essentially ideﬂtical tests performed
on ground control subjects, the results from space crewmen
appear to be authentic.

The addition of the precordial vibrocardiogram and the
vectorcardiogram to Apollo 15 crew evaluations has provided
basgline data, not yet fully analyzed, fo; additional inter-
pretations and for support of théiskylab M690 series inflight

experiments.
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SUHNRRZ OF IASA/ISC BCIE MNINERAL STUDIES
Octobor 1971 -
L. Contimunl bed rest for 20-3 25 wocks without treatment leads to:
T 1. & loss of Ltotold dody ezleiun of about 0.5%/month,
2, Lho cenural coleaneuws of
: ing thai rineral 1033 .t
Surdne bod riot cecurs preferen tiglly Jrom bonaso
which cre n.oo~lly weignt-bearing, and
3. a reversible diccase. A1l subjects regained all
. of thelr calcancus minercl within a few month
— of reooxbulating.

B, Ascuminz that bed rest is aralogeus fo vaichtlesoness
(sizcs in both situstiens ha rrchanical forces %o
vaien 4he skelcton is normally cubject duzing axbulﬂtion
) in ¢ ono G cnvironront are whsunt), we would pro t that
eshronauis undorpoinsy space J1ifNC of more than CC"““:l
months Gural covelen o corious degree of
, - gonineralizalb 2is domincralization ic exgpected to
plaes then et risih fox the ¢zvalernment of trawaatic
Srectures, particulosly off %:r*s vhich are normally
raicht-bearding.  In alilition, the dncr reased wrinary
, R . endeium exeretion pioces thea at rick for the develeprment
of lidnzy stones : '
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C. Several treatment programs have been studied in an
attempl to prevent mineral loss during bed rest and
by implicztion reduce the hazard to fulure leng range
astronauts:

l'

A horizontal exercisc progrum employing the
Exer Genie apparatus for &0 min/day had no
effeet on mineral loss during bed rest.

Longitudinal compression administercd by a
GASS suit for 5 hours/dzy at €0% of body
weight may have reduced the mineral loccees
but did not totally prevent them.

. Intermittent longitudinal cempressien at

a cycle of L5/min with full body weight being
applicd for 6 hours/day also did not prevent
the mineral loss, although scme aftenuction
may hove- occurrcd. Both forms of compression
are probably irpractical since the suits are
tcdious and unccmfortable to wear.

Calcitonin injcctions failed to have 2 favorable
in{flucrce on the mineral loss.

Oral pnocphate wipplemsnis, 1.3 gu P/dsy ac
¢the routrel potussiuws salt, prevented ihe
incressed urinary celcium during bed rest but
did not change overall calcium balance or

- mineral loss from the calcanecus. Ve believe

that phosphate supplements would be useful for
preventing kidncy slones but rot for preventing
demineralization.

Calcium and phocphorus supplerents (1.3 gm Ca/day
as the lactate and 1.3 ga P/day) prevented the
negative calciuwa end phasphorus balances during
the firct 10 weeks of bed rest but subscquently
there was an apparent escape from this cffect and
negative balances developed. Loss of mincral from
the calcancus may have been attenuated but was not
prevented in all subjects.
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APOLLO SU-f4ARY REFORT
BONE MINERAL MEASUREMENT

ABSTRACT

FA e ea

Losg of mineral from bone during periods of immobilization, recumbency
or weightlessness have been observed, These losses are more apparent

in the lower extremity than the upper and have becn obscrved to excced

. 30% in the case of the central os calcis during 36 weeks cf bed rest,

No mineral losses were seen in the dpper'extremity during this same

périod'of time.

In carly Gemini studics using X-ray densitometry, large losses of bone

i mineral were observed in the radius and ulna. This observation was not

validated in the Apollo XIV and XV crewmen when a more precise technique,
samﬁé’ray absorptiometry, was used, Mineral losses from the‘central os
calcis have been variable. Again, the large losses reported for the
éﬁrlj'Ccmini'missions werce not seen when this never measuring ;echnique
was employed. Indeed, & of the 6 crewmen studicd lost no mineral during
the 16 and 12 day.missions. Since two crewmen did lose mineral from tbe

os calcis, it is clear that losses can occur even in these short periods

of time, even though losses are not.scen in 14 days of bed rest. If

these losses were allowed to continue unabated for a prolonged period of
time, the consequences might be severe, sincé the losses observed are

probably not confined to the os calcis,
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APOLLO SGARY REPORT
FLUID AND ELECTROLYTE BALANCE
(ENDOCRINE HOMEOSTASIS) o :

ABSTRACT

Spacef%jght produces complex physiological changes due to the indi-
vidual or s&mmating stresses of the environment. These stresses which
include weizht1essness, acceleration, confinement,‘restrainc,'and exposure
to radiation censtitute the major challenge to the d%scdp]ine of space
med1c1ne t has been the purpose of our investigatiohs to study the
effect of spacef11ght upon man's ability to adapt to the environmental
changes to wh1ch he is exposed.

Upon trans1t1on from earth s gravity into the we1ght1essness state,‘
a series of changes are postu]ated which, when effected dep1ct the
adapt1ve processes characteristic of exposure to the space flight et
env1ronment, A]though to date, 1nf11ght sample collection has, at best,
been severeiy Jimited and essentially unrewarding, a thorough eva1uation
of pre and éostf)jght bcdy functions has yielded information upon
which a hypcthes;s for space adaptation has been formulated. Plasma

and urinary‘excretion values of selected endocrine and biochemical

parameters have been recorded in space crews prior to and following

varying eprsures to we1ght1essness in the PrOJects Gemini and Apollo
series of urine and plasma electrolytes; urinary ant1d1uret1c_hormone,
"a\dosteronegand catecholamines; and in plasma angiotensin suggest an adapta-

t10n to the weighless envmronment w1th values s1gn1f1cant1y dlfferent from

, those cons1dered normal in the one g state. These adaptive changes are

1 1
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charactgrizgd by an absolute decrease in total body water, a total body
potassium defici?, and a prgdictgd compensated intraceilular acidosis.

. While deemed adequate for the null gravity énvironment; this homeo-
static "set" is not without physiological cost, and could reduce the
functional reserve of exposed individﬁa]s: The hypothesis and support-
ive data describing this adaptive process is presented and its relevance

to Tong duration exposure to the weightless environment is discussed.
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'circulating red blood cells. The initial hypothesis predicted an intravascu-

APOLLO SUMMARY REPORT
HEMATOLOGY/ IMMUNOLOGY

ABSTRACT

' Ldboratofy analyses of blood performed in support of the Apollo Program
were designed:to evaluate the biochemical responses of man to the spaceflight
environment. The measurements of red cell mass were of particular interest
due to the sigﬁificant decreases in red cell ﬁass_gbserved during the'Cemini
flights. | ' o

The red cé]] mass losses measured in the{Apollo mission were variab]e
andrcoﬁre]ated closely with the length of exposure to a high oxygen atmosphere.
These data seeﬁed to confirm the hypothesized; toxic‘efféct of oxygenon the

o
lar hemolysis of the cells due to failure to maintain osmotic balance. How-
ever, based upon additional data collected, tﬁis hypothesis may have to be

modified.” It now seems more likely that alterations of red cell membrane

* Tipids and/or sulfhydryl bonds causing membrane structural changes would

lead to fragmentation of the red blood cells and their subsequent destruction

”

by the reticuloendothelial system.

‘No significant changés attributable to the spaceflight conditions were

noted in routine hematological parameters. The exception to this being a

'tdglqbin shows a marked elevation (70%) in all flights with only a gradual

postflight observation of a transient leucocytosis associated with an absolute
neutrophilia and lymphopenia of small but significant magnitude. .

'Serum chemistry and protein value have shown only minor changes. Hap-




(> 2}Week§) Feturn to the normal values. The.significance of increased
serum hap%og]obin has not been determined, but as mentioned above, the
concept oé intravascular hemolysis is not consistent with elevated levels
of this p#otein There have been cases of increases in immune globulins
G and A and ceruloplasmin, but only in selected crewmen. These increases
in the 1mmunog10bu]1ns are probab]y related to the reported episodes of
clinical 1]1nesses reported during some flights, and the moderate acute
phase reSp;nse might well be the result of the nonspecific stresses en-
countered ?uring the spacecraft's reentry.

In su%mary, it might be stated that there are no data to suggest that

man's humoral or cellular immune systems were compromised or stressed

[}

. l r?
significantly as a result of the Apollo flights, except in cases of reported

clinical illnesses attributable to causes not unique to the spaceflight
1 -
environment. : )
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APOLLO SUMMARY REPORT

CENTRAL NERVOUS SYSIEM - SLEEP o '
em—e. ..  ABSTRACT :

.

Sleep during the Apollo missions has proveh to be as variable as it is
on Earth when factors known to influence it are encountered. Elements such

as time of attempted sleep; duration between sleep periods, previous sleep

.deprivation, sleep wakefulness schedules which do not coincide witn usual

Earth routines, disturbances caused by non-simultaneous sleeping of the
crew, excess noise, uncomfortable temperature, sleep facility comfort,
anxiéty, and excitement, all have been reported to influence sleep in the
spacecraft environment. l
Dﬁring'Apollo flights it was necessary for man.%o accommodate to
specific mission requirements. Factors which influence sleep could not.
always be sufficiently controlled to insure that the astronaut obtained

adequate sleep. This was demonstrated in Apollo missions ‘T = 15. The stress

. of sleep loss was not of sufficient magnitude to induce gross changes in

performance. At times the crewmen was sufficiently aware of sleep need to /7

utilize the assistance of a hypnotic to bring about sleep onset,

Sleep aspects of the Apollo flights to date may be summarized as
follows: ‘ - ‘

1. P;Eflight‘énd postflight baseline sleep profiles'were not obtained
in Apollo 7 - 15 missions. ' _

2. There exists a discrepancy between the astronaut's subjective
evaluation of sleep duration and quality and that estimated on the basis of
limitéd EKG and respiratory data available to the medical monitor on Earth.
‘ 3. Based on information obtained to.daté, it is not possible to draw
conclﬁéions regarding the effect of O g on man's sleep.

h.. There is no central nervous system data available on which the

‘quality or quantity of astronaut's sleep may be described during Apollo flights.

9. Conditions of the environment, assigned work/sleep periods, etc.,
were sufficiently different for the varjious A?ollo series that a meaningful
comparison for sleep function cannot be obtained.

6. Information is not at hand to allow the influenée of individual

factors affecting sleep to be evaluated. '

i
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T. The eviéence {s strong that erratic departure of assigned sleep ’
periods from the customary sleep time on Earth is a consideration that bears
close attention in mission planning. ‘A

The measuré of sleep adequacy Or inadequacy largely depends upon the
degree of deviation from the individual's normal sleep pattern. Secondary
importance is placed upon deviation from sleep patterns of the general
population. |

An objective measure of sleep quality and qpantity can be obtained only
by monitoring nervous system activity by means of the electroencephalogram
and the electroéoqulogram. Use of heart rate and respiratory function to
estimate sleep quality and quantity is recogniéed as being less than peffect;

« however, these factors are utiliéed to monitor sleep during flight in lieu
of nervous system information which is not available.

A first step toward ébtaining objective information on the effect of
space flight upon sleep would be to record nervous system activity and heart
rate during sleep, both pre- and postflight. With a proPér baseline record
it will be possible to quantify any alterationlof sleep upon return to Earth,,
The heart rate pattern obtained during baseline sleep recording may be
referred to when attempting to assess the inflight sleep. '

If a hypnotic is included in the medical kit during flight, it is
desirable that the aelected drug be administered to the crew preflight and
its effect upon their sleep monitored. |

As a result of NASA, MSC, fundemental research support, technical
develqpmgnts that permit optimum evaluation of sleep in the space flight

environment are coming into fruition. -
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APOLLO SUMMARY REPORT
STATOKTNESTS . .

ABSTRACT o ‘Y

Statokinesis may be defined as ﬁhe adjustment made by the body in
motion to maintain stable equilibrium. Neuromuscular function is a prime
element in efficient statokinetic adjustments. Tne vestibular system
and visual apparatus is significantly implicated. Any factor which
affects the function of the sensory, coordinating, or motor aspects of
the reflex cycle will impinge upon the response of the statokinetic
mechanism.

During the Apollo series specific neuromuscular examinations with

. the objective of assessing statokinetic'alterations were not conducted

either preflight, postflight, or during the mission. However, careful
observation was made of the astronauts upon their return to Earth, their
overall physical appearance, and their ability to walk about immediately

postflight. Comments made during the postflight physical regarding

equilibrium, walking, postural adjustment, etc. were noted. In additionf’

the pre- and postflight physical examination included clinical evaluation

of nervous system function.

There has been little comment which might relate to statokinesis other

than casual remarks concerning "sea legs" when first walking on the recovery

vessel. \ ,

Modification of lean body mass, loss or change in the size of par-
ticular muscle groups, electromyograph ev1dence of muscle function, and
modification of neuromuscular reflex, are aspects of physiology which
may- in the future require investigation. Long duration flights may
involve statokinetic mechanisms to a}degree not apparent in present

missions.
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APOLLO SUMMARY REPORT
ABSTRACT )

EXERCISE RESPONSE TESTS
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APOLLO SUMMARY REPORT

EXERCISE RESPONSE TESTS

ABSTRACT

During the Apollo Program, the physiological response to programmed
work was mgasured pre- and postflight to evaluate the effects of weight-
1essness.§ Of immediate concern was the detection of any physiological
differencés which could have impacted the capability to complete lunar
surface ocjectives. A longer range objective was to develop hypotheses
concerniné homeostatic adaptive mechanisms which could be evaluated on
longer duration post Apollo flights.

Exercise response tests were conducted pre-- and postflight on Apollo

!
missions 7 through 11 and on Apollo 14 and 15. Operational constraints

i
precluded obtaining work capacity data on Apollo missions 12 and 13.

{ .
A bicycle ergometer, heving & heart rate control feedback loop, was
i
utilized ?o produce an exercise lozad for the subject. This ergometer
compares the actual heart rate to a pre-set heart rate and varies the

}

vofk resi?tance accordingly. Thus, it was possible to produce the same
relative ﬁeart rate stress pree and postflight. The controlled ergometer
was utili%ed to produce three stress levels: 120 heart rate.for six
minutes, iho:heart rate for three minutes;.and 160 heart rate for three
minutes. g(One crew of three was taken to a level of 180 beats per minute).
Significant changes were observed immediately postflight for the
Apollo T to 11 crews on the following dependent variables: workload,

oxygen consumption, and systolic and diastolic blood pressure. There

b 2 in e nm
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were no changes in work efficiency at 100 watts or thé oxygen utilization
coefficient at 2.0 1/min Vo,-

On the Apollo 1k mission, a significant reduction in work capacity
was shown by the Command Mbdule Pilot while there was minimal change noted
in the two crewmen who participated in lunar surface exploration - 3k
hours on the lunar surface and approximately nine hours each during extra-
vghicular activity. |

while the Apollo 15 data are still under evaluation, they appear to
show a reversal of the Apollo 1k findings. The two Apollo 15 lunar surface
explorers, with nearly 67 hours on the moon's surface and about 18% hours
each during extra-vehicular activity, showed a greater reduction in work
capacity than did the crewman who remained in orbital flight.

Rhat appeared to be a salutary effect of 1/6 g activity on Apollo 14
was not.evidenced by the Apollo 15 crewmen who performed greatly increased
work activities on the lunar surface.

During thé ;emaining Apollo missions, attention will be directed to
attempting to clafify these findings and to close e#éluation of the

effects of activity on the lunar surface in 1/6 g.
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——




~

.
T

APOLLO SUMMARY REPORT

ABSTRACT
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APOLLO SUMMA RY REPORT

VESTIBULAR SYSTEM DISTURBANCES

ABSTRACT

.

It has long been recognized that the vestibular system plays a signi-

" ficant roleiin man's total response to the space flight environment. However,

. |
mission priorltles have precluded a thorough inflight evaluation of this

" tology.

system to date. Although extensive ground-based research programs have been
conducted whlch directly relate to the conditions encountered in space flight,
the majorlty of our present knowledge of the actual effects of exposure to
the space fllght environment is qualitative in nature rather than quantita-
tive. To d%te no vestibular experiments have been carried out in conjunction
with Apollofmissions.

Carefu} examination of available information on vestibular-related
experiences of Apollo astronauts has revealed the following general findings:

1. Of the 27 individuals who have flown thus far, nine have experienced
apparent vestlbular difficulties. Of these nine, seven had some previous
history of motlon 51ckness, while two had negatlve histories. On the other

hand 13 of 20 individuals with positive histories had no inflight symptomo-

2. Of the nine individuals with inflight problems four experienced r’

minor symptoms, two experienced moderate symptoms, and three had severe
symptoms. It is questionable, however, whether the vomiting experienced by
one of these latter individuals was vestlbular in origin or due simply to
gastro-lntestlnal virus.

3. Of the 11 astronauts making their first space flight, five or
nearly 50 per cent, developed inflight symptoms. Of the 16 veteran pilots,
only- four or 25 per cent, experienced symptoms.

b, F;nally, there is no clear relatlonshlp between previous aircraft
flying houns and space flight motion sickness.

The lack of quantitative pre-, in-, and postflight vestibular data on
individual icrewmen renders a valid assessment of the Apollo findings and
problems dlfflcult. However, certain tentative conclusions can be made:

1. Increased intravehicular mobility and thus 1ncreased head movements
as afforded by the larger volume of the Apollo CM/LM has resulted in a higher
incidence Tf vestlbular disturbances during Apollo flights than in previous

programs .
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2. In most cases where symptoms did occur they were mild to moderate
and could be controlled by 1imiting head movements the first few days in-
flight. ' _

3. Adaptation of the vestibular receptors to the weightless environ=-
ment apparently does occur almost immediately or within a few days for most
crewmen. Whether or not such adaptation is complete or partial, or will
persist for very long duration missions remains guestionable.

4. Extravehicular activity in 1/6 g on the lunar surface has resulted
in no reported disorientetion or vestibular disturbances during the missions
conducted to date. Apparently the 1/6 g is an adequale stimulus for the
otoliths in providing sensory information about gravitatlonal upright and,
hence, maintenance of posture. '

5, With one very significant exception on Apollo 15 no crewmen have
experienced vestibular disturbances after returning from space flight.

This suggests that auaptatlon that occurs during weightless flight does not
render the system hyposen51t1ve or hypersen51t1ve following sudden return
to.a 1 g environment. Whether or not this situation will be true following

very long exposure to 0 g also remains uncertain.

/
6. It appears that individuals with a positive history of motion siciness

have a slightly greater tendency to develop motion sickness symptoms during
space flight than do individuals with negative histories. Also, rookie
astronauts appear to have a greater likelihood of developing inflight symp-

toms than “yeteran astronauts.

A need is indicated for more inflight as well as pre- and postflight
vestlbular information on the astronaut population. Only by examining with

quantitative methods the men who actually fly.space flight missions can wWe

.achieve a complete understanding of the effects of weightless space flight

on vestibular function.




