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ABSTRACT

The mechanisms underlying the reductions in o;thostatic tolerance
associated with weightlessness are ﬁot - well established.
Contradictory results from measurements of leg volume changes suggest
that altered venomotor tone and reduced blood flow may not be the only
contributors to orthostatic intolerance. It is felt that a ~more
accurate 1limb volume syétem which is insensitive to environmental
factors will aid in better quantification of the hemodynamics of the
'leg, Of the various limb volume techniques presently available, the
ultrasonic limb voluhe system has proven to be the best chbice. The
- system as described herein is free from environmentalAeffects, safe,
~simple to operate and causes négligible radio frequency interference
problems. The segmental ultrasonic plethysmographfis 'eXpected to
provide a better measurement of limb volume change since it is based
on cross sectional area measurements. Limb volumeAchange is computed
from the two cross-sectional areas measured at different sites (fixed
length apart) using an equivalent right circular cylinder geometry.. A
sp;ce qualified version of our device has been built by Denver
Research Institute and is expected to be used in a future space

shuttle mission.



I. INTRODUCTION

The study and‘evaluation'of cardiovascular deconditioning during
space flight4impose unique requirements on the limb volume ﬁeasuring
system (LVMS). The LVMS must operate, in both earth and zero gravity
environments, be -simple to calibrate and respond to both small and
large changes in limb volume and be largely insensitive to humidity,
ambient tempefature and pressure variations.

The objective of this project was to develop a new technique for
- real time measurement of lower limb volume changes in space. The
technique developed in this study, the ultrasonic plethysmograph, is
based on tfansit time measurement of an acoustic pulse propagating
through tissué- A microprocessor based ultrasonic lower limb volume
measuring system waé developed as a prototype system for use in space
flight applications.. .It is based on the assumption that the cross
'section of the lower limb can be approximated'by a circle. On this
basis two independeht chord length measurements using wultrasonic
through transmission technique are made at a given site on the lower
limb. This data is used by the microprocessor to compute the area of
a circle passing through the measured chord lengths.

This report details the development of the ultraéonic limb volume
measuring system in to a flight certified unit which is expected to be

used in a future space flight mission.

I11. Background.
‘A. Plethysmography
Plethysmography is the recording of variations in the volume of

a liquid or wundissolved gas in biological tissue. Studies of



peripheral circulation have been carried out through a wvariety of
methods which record/measure the volume of blood content in a 1limb
(plethysmography) .

The principle of plethysmography was first introduced by
Glissonio (1677) who used water displacement for 1limb volume
measurement (1). Variations of this method, some using air as the
displaced fluid, are still used for the measurement of arterial flow
into segments or distél portions of limbs. Another frequently used
plethysmograph 1is the Whitney strain gage, introduced in 1953 (2).
The Whitney, or mercury-in-rubber, strain gage is attached around the
limb segment in question and any relative change in the. electrical
resistance of the strain gage is used as a measure of a change in
circumference of that limb segment.. The accuracy of this method of
plethysmography was compared to that of water displacement
plethysmography by Paulev, et al.(1l). They found that "the accuracy
of the water and strain-gage plethysmograph is identical, and the two
instruments closely follow random variations in blood flow." However,
they further state that "The results of the strain-gage plethysmograph
are dependent on the actual location of the #train gage."

Other methods of plethysmography include : impedance and
capacitance plethysmography. Impedance plethysmography (rheography)
makes use of the fact that the electrical impedance of a limb segment
varies with its blood content. Capacitance plethysomgraphy involves
the use of the skin as one plate of a capacitor. An electrode
attached to a band arouﬁd the limb segment completes the capacitor,
Assuming a purely radial expansion with increased limb volume, the
change in capacitance between the skin and the electrode is

proportional to the change in volume of the limb segment. These and



other currently used methods of plethysmography are discussed more
thoroughly by Sigdell (3). A comparative analysis of their
feasibility for space flight applications may be found in an earlier
report from this laboratory (4). . '
B. Relationship of Orthostatic Tolerance to Limb Volume Changes

Reductions in orthostatic tolerance due to exposure‘to zero G
environment were first reported during the late flights of Merucry
when tilt table tests conduced post-flight . revealed moderate
orthostatic hypotension. These findings were also observed during the
Gemini program (flight duration 3-14 days). However, responses to the
70 degree upright tilt usually returned to normal within fifty hours
after splash down (5,6).

During the Apollo program (7), a new test procedure, lower body
negative pressure (LBNP)was used to study orthostatic tolerance. LBNP
 has several advantages over tilt table testihg,.some of which are:

1. No movement of subject is required which leads to simplified
instrumentation and stable physiological signals.

2. Ease of application of controlled stress (magnitude and
duration) to the cardiovascular system.

3. Suitability of use in the weightless condition.

LBNP studies were performed for most Apollo crews, and the
response of cardiovascular system during weightlessness was inferred
from pre—flighﬁ and post-flight data. The results demonstrated
reduced orthostatic tolerance, which returned to normal within 48
hours. Supine measurements of maximal calf circumference were also
performed, before and after flight, of 24 crewmen. During post-flight
evaluation 67% of crewmembers showed significantly redﬁced calf

circumference, and this was not totally regained approximately 120









































































































































































































































































































































































































































