Effect of Extremity Cuff-Tourniquets
on Tilt Table Tolerance After Water Immersion

Frep B. Vocr, M.D.

Tilt table intolerance of four healthy adult young males was
studied in two water immersion experiments of six hours dura-
tion in an effort to reproduce a previous study reporting a pro-
tective effect from cuff-tourniquets applied to the extremities
during immersion. Body weight, fluid intake, urine output and
leg circumference measurements were made and recorded. After
the first period of six hours of water immersion three of the four
subjects experienced syncope during a tilt table test. Compared
to pre-immersion tilt tests all subjects experienced marked
changes in heart rate or blood pressure during tilting after im-
mersion. A significant diuresis was not noted. During the
second period of immersion cuff-tourniquets were applied to the
four extremities and inflated to a pressure of 60 mm. Hg., with
a one-minute-on, and one-minute-off cycle. Some degree of
protection against tilt table intolerance after immersion was pro-
vided in this test; none of the three subjects experienced syncope
or showed the marked blood pressure changes they had shown
on the previous immersion test without cuffs.

TUDIES HAVE BEEN CONDUCTED that demon-

strate cardiovascular deconditioning occurs with
prolonged bed rest,20:%:3%:21,:5,25,22,29,6,18 wyater immersion,
10,14,15,11,12,2,17 chajr rest,’® or space flight.#? The physio-
logical changes that occur in these experimental condi-
tions which are responsible for the increase in heart
rate, decrease in blood pressure and signs or symptoms
of syncope during tilt table tests are not understood
clearly. The lack of knowledge on the mechanism of
deterioration of the cardiovascular system thus has
made research on preventive and control measures
difficult.

Anti-gravity suits have been found beneficial'®*® in
preventing orthostatic cardiovascular intolerance in pa-
tients, as well as normal subjects deconditioned by
either bed rest or water immersion. Periodic rocking
beds®*® in a gravity environment have been reported to
produce some protective effect from the deconditioning
associated with bed rest. Intermittent occlusive venous
cuffs have been reported® to prevent the occurrence of
tilt intolerance after water immersion. The purpose of
the work reported in this paper was to reproduce some
of the observations made in the water immersion ex-
periment’® in which cuffs provided a protective effect.

METHODS

Four healthy adult male college students in the age
range 21 to 25 years who had participated previously
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in extensive bed rest studies?* were used as subjects.
Table I summarizes the subject characteristics.

The subjects underwent two six-hour periods of water
immersion, preceded and followed by a tilt table test.
During the periods of water immersion the subjects
were dressed in bathing trunks and were immersed in
a head-out position. They were allowed a minimal
amount of activity in the pool but most of the time

TABLE I. SUBJECT CHARACTERISTICS

Age Weight Height B.S.A*

Subject Initial (years) (kg.) (cm.) (m?) Occupation
C.ER. 25 84.4 192.4 2.15 Student Athlete
R.S.H. 22 66.5 172.4 1.80 Student Athlete
W.F.M. 23 67.5 171.0 1.81 Dental  Student
B.E.H. 21 70.2 177.8 1.88 Student

* From Dubois Body Surface Chart by Boothby and Sandiford

they remained in a sitting position. Accessory breath-
ing apparatus was not used. The temperature of the
water was maintained at approximately 93°F. through-
out the periods of immersion.

The day following test number one the subjects
underwent a second period of immersion, test number
two, during which they had cuff-tourniquets applied
to all four extremities. The cuffs were 3-% inches wide
and were held in place by a velcro material. Because
of the posture the subjects maintained during immer-
sion the cuffs on the lower extremities were located ap-
proximately 60-70 centimeters beneath the surface of
the water. The cuffs were inflated from a pressure
bottle air source to a pressure of 60 millimeters of
mercury, with a one-minute-on, one-minute-off time
cycle, and had an inflate and deflate period of approxi-
mately five seconds. Cufs on all subjects were inflated
simultaneously.

A tilt table test was performed before and after the
water immersion periods using a tilt table with an
English saddle type of support described elsewhere.?®
The tilt table was motorized and tilted from horizontal
to 70° in thirty seconds. With syncope, or impending
syncope, the gear mechanism of the table was dis-
engaged and the subject was tilted down immediately.
The subject was transported from the immersion tank
to the tilt table test area by means of a stretcher and
immediately went into the tilt table test.

The electrocardiogram, impedance pneumogram, cuff-
microphone blood pressure and leg circumference
changes were measured during the tilt test using an
instrumentation system described elsewhere.?® The im-
pedance pneumogram and electrocardiogram were taken
from electrodes placed across the thorax in the fifth
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or sixth intercostal space. Indirect blood pressure ap-
paratus® was attached to the right arm with a crystal
microphone located over the brachial artery; the cuff
was operated in 30 second cycles. Leg circumference
measurements were made using a Whitney®' mercury-
in-rubber strain gauge apparatus applied to the calf
of each leg. A five-minute baseline recording was ob-
tained prior to a 20-minute tilt to the 70° position. A
five-minute period of recording then was obtained after
return of the subject to the horizontal position.

The subjects were immersed from 13:00 to 19:00
o’clock to correspond to a urine collection period that
was used for a previous 90-day study** on this group
of subjects. During the periods of immersion intake
and output were recorded carefully. Weights were
obtained prior to and after immersion. The subjects
were allowed to drink fluid ad libitum. They were fed
after the tilt procedure which immediately preceded
the immersion period and this intake was included as
part of their over-all intake. A malted milk was given
to them after approximately four hours of immersion.

RESULTS

All four subjects showed a normal response to the
control tilt prior to water immersion which was com-
parable with the responses observed in extensive tilt
studies performed on them previously over a period of
several months. There was noted an increase in heart
rate and a slight rise in the diastolic blood pressure
and a slight decrease in the systolic blood pressure, with
a distinct narrowing of pulse pressure. There was no
definite downward trend of systolic or diastolic blood
pressure. There were no signs or symptoms of impend-
ing syncope during the control tilt table procedure.
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Fig. 1. Summary of tilt characteristics for water immersion
subjects. The height of the first bar for each subject represents
the tilt duration for the control tilt, the height of the second
bar represents the tilt duration for the tilt following 6 hours
of water immersion and the height of the third bar represents
the tilt duration for the water immersion experiment to which
extremity cuffs were added. The occurrence of syncope is rep-
resented by S. The solid lines in the bar graphs represent
the change in heart rate from a pre-tilt five minute average
to the maximum one minute average in the 70° position.

Three of the four subjects showed syncopal reactions
following the first six-hour period of water immersion.
Figure 1 summarizes the duration of tilt procedure by
bar graphs. The change from a pre-tilt, five-minute
average heart rate to the maximum one-minute average
heart rate during tilt for the subjects is shown by a
darkened bar line in the center of the bar representing
duration of tilting. The third subject, C. E. R., did not
show syncope but did demonstrate a significant rise in
heart rate in his first post-immersion tilt test.

During the tilt test following the second water im-
mersion period, to which a cuff-tourniquet treatment
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Fig. 2. Blood pressure and heart rate response to tilting before and after water im-
mersion. Tilt-up starts at time five minutes and tilt-down at 25 minutes unless syncope
occurs and the subject is tilted down sooner. The dotted lines show results of pre-
immersion control tilt and the solid lines show the results to tilting after immersion.
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Fig. 3. Blood pressure and heart rate response to tilting before and after water

immersion. Tilt-up starts at time five minutes and tilt-down at 25 minutes unless
syncope occurs and the subject is tilted down sooner. The dotted lines show results
of a pre-immersion control tilt and the solid lines show the results to tilting after

immersion,

had been added, none of the four subjects experienced
syncope. There was, however, still evidence of an in-
crease in heart rate with tilting compared to control
values, although the change in heart rate was not as
great as after the first test.

Figures 2, 3, 4 and 5 show the tilt table data in
graphic form for each individual to allow ready com-
parison of the responses for the various test circum-
stances. Dashed lines represent control values and solid
lines the post-immersion values. Five minutes of con-

SUBJECT

trol data is presented prior to tilting to 70° and five
minutes of recovery data is presented after tilt down.
Subject weights did not change significantly during
the immersion periods and the minor changes are ac-
counted for by the intake-output differences during
the test. None of the subjects complained of excessivé
thirst at any time. Table II presents the change in body
weight, oral intake and urine output data obtained dur-
ing the two tests. There appeared to be some difference
in the volume outputs for the two immersion periods
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Fig. 4. Blood pressure and heart response to tilting before and after water immer-
sion. Tilt-up starts at time five minutes and tilt-down at 25 minutes unless syncope
occurs and the subject is tilted down sooner. The dotted lines show results of a pre-
immersion control tilt and the solid lines show the results of tilting after immersion.
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Fig. 5. Blood pressure and heart rate response to tilting before and after water
immersion. Tilt-up starts at time five minutes and tilt-down at 25 minutes unless
syncope occurs and the subject is tilted down sooner. The dotted lines show results of
a pre-immersion control tilt and the solid lines show the results to tilting after immersion.

ORAL INTAKE—URINE OUTPUT DURING WATER IMMERSION

Test No. 1 Test No. 2.
Control Intake Output Weight Intake Output Weight
Subject (ml.)*  (ml.) (ml)) Change(kg.) (ml.) (ml) Change(kg.)
200
G.E.R. 250 1200 900 —0.2 1160 530 —+0.3
560
220
R.S.H. 295 800 510 —0.1 1500 190 +0.9
385
270
W.F.M. 500 800 390 —0.2 1300 360 —+0.6
770
195
B.E.H. 412 1000 760 0.0 1500 620 -+0.3
770

* One week control on each subject during normal activity, giving average
urine volumes with minimum and maximum values for these periods
above and below the average value.

but the urine specific gravity did not change significant-
ly during the period of immersion. Total urine volumes
were somewhat higher than the average volume out-
puts for corresponding timed periods of collection in
studies performed previously on the subjects but the
range in day-to-day variation in these earlier studies is
large enough to make it impossible to say that a sig-
nificant diuresis existed during this water immersion
study.

Leg calf measurements made in the recumbent posi-
tion on the tilt table prior to tilt did not show sig-
nificant changes post-immersion compared to pre-im-
mersion. Calf circumference changes during tilt ranged
from 3 to 5 per cent during the twenty-minute tilt but

there was no good correlation of this with the degree of
tilt table intolerance observed.

DISCUSSION

The mechanism of the protective effect of the cuff-
tourniquets suggested in Graveline’s experiment*® and
reproduced to some extent in this study is not clear.
Interpretation of the effects becomes difficult because
of the many complicating factors that result from plac-
ing a person in a warm and wet environment, and one
which provides pressure forces that act upon the body
cavities in a poorly understood manner. Of significance,
however, is that tilt table intolerance does occur with
water immersion in as relatively a short time span as
has been found in space flights, and that it is prevented
under experimental conditions identical to that which
produces the deconditioning except for the addition of
extremity cuff-tourniquets. Of even more significance
is that this type of treatment or preventive technique
offers itself to application to space flight situations
since its mechanism of operation does not depend on a
gravity environment. However, the likelihood of pro-
tection from cardiovascular deconditioning of space
flight by a similar cuff-tourniquet technique would
likely depend on a common mechanism of production to
that found with water immersion. A possible mechan-
ism to explain some of the factors responsible for the
tilt table intolerance seen after water immersion is dis-
cussed elsewhere?” in observations made on the same
group of subjects who participated in the study re-
ported herein.

The use of subjects in this experiment who have had
considerable experience with tilt test procedures lessens
the likelihood of any sporadic subject responses because
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of extreme anxiety or uncertainties of experimental pro-
cedures on the part of the subjects. Further, since the
two experiments were performed in close time relation-
ship, any bias due to lack of reconditioning of the sub-
jects would be against reproducing the findings of
Graveline.™®

Diuretic responses have been known to occur with
prolonged water immersion. Bazett! noted this diuresis
as early as 1924 and numerous other observersi#11.12.2.13
have confirmed it. One group,* however, did not report
a diuresis with water immersion. The failure to observe
a significant diuresis in this study raises further ques-
tions as to the meaning of diuresis observed by others
but the failure to observe a marked diuresis and intense
thirst, while at the same time observing considerable
signs of cardiovascular deconditioning points to this
diuresis being a less significant contributing factor to
the tilt intolerance. Consideration must be given to the
fact that these subjects previously had undergone many
test procedures in the experimental laboratory. Anxiety
in an inexperienced subject could result in a chain-
reaction of increased-intake, increased-output to ex-
plain some of the observations in other studies. It is
also possible that this group of subjects may have ex-
perienced a diuretic response if they had been im-
mersed for a longer period of time. A more detailed ac-
count of the fluid-electrolyte and plasma volume re-
sponses found in this experiment is completed and is
reported elsewhere in this issue.?’

Cardiovascular deconditioning is spoken of in terms
of the orthostatic increase in heart rate, drop in blood
pressure and signs and symptoms of impending or
actual syncope. From the experience of the author it
would seem that the order of severity of tilt intolerance
after prolonged bed rest is reflected first in heart rate
changes, next by narrowing of pulse pressure with a
trend downward in blood pressure, with systolic pres-
sure falling more predominantly until the presyncopal
condition presents, and then finally syncope. It has
been noted®* that in the final minutes before syncope
the beat-by-beat variation in heart rate became min-
imized and the heart rate decreased at the same time
that blood pressure decreased. This parallel drop of
heart rate and blood pressure is different from the out-
of-phase relationship seen when the subject compen-
sates to the upright position. The responses to tilting
after water immersion seem comparable to those ob-
served after bed rest, although they may be produced
by much shorter exposure to the experimental decon-
ditioning test.

A point that deserves more consideration in evaluat-
ing the protective effect of cuff-tourniquets in this ex-
periment is raised because of counteracting effects pro-
duced because of varying depths of the cuffs below
water level. In this experiment a 60 millimeter mer-
cury pressure referenced -to the atmosphere was ap-
plied to all cuffs. The effect of this pressure in pro-
ducing additional constriction to the lower extremities
above that resulting from the weight of the water itself
is the force difference of the pressure applied to the
cuff and the pressure force produced by the weight of
the water. The implication in this experiment is that
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perhaps more of the “treatment effect” resulted from
the cuffs on the upper extremities.

The simplicity of this experiment and the complexity
of the changes in physiological mechanisms with water
immersion raise as many questions as are answered.

ACKNOWLEDGMENTS

The author wishes to acknowledge the assistance of Mr.
Michael Craig and Mr. John Kraft in the reduction and analysis
of this data, to Mrs. Carolyn Caldwell for her help in the
preparation of this manuscript, to Mr. James McConnel in
assisting with instrumentation and to the Bioinstrumentation
Section of the National Aeronautics and Space Administration
Space Medicine Branch for providing the bioinstrumentation
system.

REFERENCES

1. Bazerr, H. C., TuurLow, S., CroweLL, C., and STEwaRT,
W.: Studies on the Effects of Baths on Man, Amer. J.
Physiol., 70:430, 1924,

2. BeckMman, E. L., Cosurn, K. R, CHaAMBERs, R. M., DE-
Forest, R. E., Aucerson, W. S., and Benson, V. G.:
Physiologic Changes Observed in Human Subjects Dur-
ing Zero G Simulation by Immersion in Water Up to
Neck Level, Aerospace Med., 32:1031, 1961.

3. Benson, V. G., Beckman, E. L., Cosurn, K. R, and
CuaMmeers, R. M,: Effects of Weightlessness as Simulated
by Total Body Immersion Upon Human Response to
Positive Acceleration, Aerospace Med., 33:198, 1962.

4. Bermy, C. A.,, Minners, H. A., McCurcueon, E. P., and
PoLLarp, R. A.: Aeromedical Analysis. Results of the
Third United States Obital Space Flight, October 3, 1962,
NASA SP-12.

5. Bmkueap, N. C., Brizzawrp, J. J., Dary, J. W., Havurr,
G. ]., Issekutz, B., JRr., Myers, R. N, and Ropasr, K.:
Cardiodynamic and Metabolic Effects of Prolonged Bed,
Rest, Technical Documentary Report, AMRL-TDR-63-37,
May, 1963.

8. Carmvus, D., VaLLeona, C., SpeENcer, W. A., and VoerT,
F. B.: Cardiac and Ventilatory Response to the Bicycle
Ergometer Test After Bedrest, NASA Contract Technical
Report, (In press).

7. CatTERSON, A. D., McCurcHueon, E. P.,, MinNERs, H. A,
and PorLrarp, R. A.: Aeromedical Observations. Mercury
Project Summary Including the Results of the Fourth
Manned Orbital Flight, May 15 and 16, 1963, NASA
SP-45.

8. DeErtrick, J. E.,, WuepoN, G. D., and SHorgr, E.: Effects
of Immobilization Upon Various Metabolic and Physio-
logic Functions of Normal Men, Amer. ]J. Med., 4:3,
1948.

9. Geppes, L. A, Spencer, W. A., and Horr, H. E.: Graphic
Recording of the Korotkoff Sounds, Amer. Heart ],
57:361, 1959.

10. GraveLing, D. E.: Maintenance of Cardiovascular Adapta-
bility During Prolonged Weightlessness, Aerospace Med.,
33:297, 1962,

11. GraveuiNng, D. E., Barke, B, McKenzie, R. E., and
HarTMAN, B.: Psychobiologic Effects of Water-Immer-
sion-Induced Hypodynamics, Aerospace Med., 32:387,
1961.

12. GraveLmi, D. E. and Barnarp, G, W.: Physiologic Effects
of a Hypodynamic Environment: Short Term Studies,
Aerospace Med., 32:726, 1961.

13. GraveunEi, D. E. and Jackson, M. M.: Diuresis Associated
With Prolonged Water Immersion, ]J. Appl. Physiol.,
17:519, 1962.

14. GraveLNE, D. E. and McCaLry, M.: Body Fluid Distri-
bution: Implications for Zero Gravity, Aerospace Med.,
33:1281, 1962.

15. GravsiEL, A. and Crark, B.: Symptoms Resulting from
Prolonged Immersion in Water: The Problem of Zero
G Asthenia, Aerospace Med., 32:181, 1961.

16. Lams, L. E. Jounson, R. L., and STEVENs, P. M.:



17.

18.

19.

20.

21.

22.

23.

24.

Cardiovascular Deconditioning During Chair Rest, Aero-
space Med., 35:646, 1964.

McCarry, M.: Plasma Volume Response to Water Im-
mersion: Implications for Space Flight, Aerospace Med.,
35:131, 1964.

MiLLer, P. B., Harrtman, B. O., Jomnson, R. L., and
Lams, L. E.: Modification of the Effects of Two Weeks
of Bedrest Upon Circulatory Functions in Man. Aerospace
Med., 35:931, 1964.

NicaorLas, N. C.: Use of a Modified Partial Pressure Suit
to Alleviate Severe Postural Hypotension, Aerospace
Med., 33:1247, 1962.

Tavror, H. L., Erickson, L., HenscueL, A., and Kgevs,
A.: The Effect of Bedrest on the Blood Volume of
Normal Young Men, Amer. J. Physiol., 144:227, 1945.

Tavror, H. L., HeEnscHEL, A., Brozex, J., and Keys, A.:
Effects of Bedrest on Cardiovascular Function and Work
Performance, J. Appl. Physiol., 2:223, 1949.

VarLeona, C., Carous, D., Vocr, F. B., and SPENCER,
W. A.: The Effect of Bedrest on the Cardiovascular
Tolerance to Passive Tilt, NASA Contract Technical
Report, (In press)

Vocr, F. B.: Characteristic Signs and Symptoms of Tilt
Table Syncope, Day-To-Day Variation, and Reproduc-
ibility on a Given Day, (In preparation)

Vocrt, F. B., Carous, D. and BeasLey, W. C.: The Effect
of Exercise and Leg Cuffs in Preventing Cardiovascular

25.

26.

28.

30.

31.

Deconditioning of Bedrest, (To be published)

Vocr, F. B., Carous, D., VaLiBoNa, C., and SPENCER,
W. A.: The Effect of the Performance of Periodic Flack
Maneuvers in Preventing Cardiovascular Deconditioning
of Bedrest, NASA Contract Technical Report, (In press)

Vocr, F. B., Encen, T., and VarLBona, C.: Saddle for
Motorized Tilt Table, NASA Contract NAS-9-1461 Prop-
erty Rights in Inventions, Disclosure No. 1, NASA Case
No. 3185.

Vocr, F. B. and Jounson, P. C.: A Study on the Effect
of Water Immersion on Healthy Adult Male Subjects:
Plasma Volume and Electrolyte Changes, Aerospace
Med., 36:233, 1965.

Vocr, F. B,, LaMonTE, R. J., BEasLey, W. C, and Carbus,
D.: A System for the Acquisition, Recording and Dis-
play of Multiple Types of Physiological Data, (To be
published )

Vocr, F. B, SPENCER, W. A., Carpus, D. and VALLBONA,
C.: The Effect of Bedrest on Blood Volume, Urinary Vol-
ume and Urinary Electrolyte Excretion, NASA Contract
Technical Report, (In press)

Waepon, G. D., Derrrick, J. E., and SHomr, E.: Mod-
ification of the Effects of Immobilization Upon Metabolic
and Physiologic Functions of Men by Use of an Oscil-
lating Bed, Amer. J. Med., 6:684, 1949,

Wurrney, R. J.: The -Measurement of Volume Changes in
Human Limbs, J. Physiol., 121:1, 1953.

Aerospace Medicine ¢ May 1965 447



