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Headward fluid shift

<0 mmHg

100 mmHg e L

o On Earth, blood tends to pool in the lower body.

e Promptly upon entering weightlessness, fluids shift
toward the head.

0 After a time, the body adapts to weightlessness. o
The kidneys reduce the volume of fluid, relieving
pressure in the head and chest.

o The body reacts immediately upon reentering Earth's
o gravity; fluids are shifted from the head toward the feet.
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VIIP Proposed Pathophysiology

1. Weightlessness-induced headward fluid shift
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* Orthostatic intolerance (OI) observed
after 9-hr (1962) & 34-hr (1963)
Mercury flights

* Gemini (1962) planned gliding
landing, pilots seated upright, after
up to 14 days in orbit
o Would OI prevent pilots from

flaring before touchdown? i .
o Gemini program defaulted to water [ % )
landing with no terminal piloting *:*

(1964)
— Reduced concerns during parachute descent

(only 4 min seated at 0.8 Gz)
— But prolonged upright seated posture while
afloat awaiting retrieval
o In the end, OI not an operational problem: all
astronauts who were hoisted to helicopter in

horse-collar sling tolerated it without incident = :
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How to reverse headward fluid

shlftlng—usmg gravity
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How to reverse headward fluid shift—

NasA

without gravity
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Requires equipment; small
volume of sequestration

Requires equipment;
pressure transmission
effects

Enclosed head limits
access, mobility,
performance
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including 1 seal; pressure
transmission effects
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transmission effects
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countermeasure.
Gemini 5, 7; “Braslet”
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Ames)

Salyuts, Skylab, Mir,
Shuttle, ISS (Russian
segment)



How to reverse headward fluid shift—
without gravity
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How to reverse headward fluid shift—

without gravity
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How to reverse headward fluid shift—
without gravity
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Physics and physiology of LBNP

I. Control Mean Arterial Pressure =
Arterial Pulse Pressure =

AP load = AP x area of opening  Central Venous Pressure =
Cardiac Output :

ey (M——

FGRF =0

1. Mild Suction Meon Arterial Pressure
Arterial Pulse Pressure
Central Venous Pressure
Cardiac Output

=

AP load =

FGRF = 0.4 BW

I1l. Moderate Suction Mean Arterial Pressure
Arterial Pulse Pressure
Central Venous Pressure
Cardiac Output

LU LB B

-

AP load

FGRF = BW

100 mm Hg
- m:g “‘LBNP ...
8 1. ypu provides a
o AP =P - Praeo non-gravity
mm 79 dependent
way to shift
fluid from the
|28 o :g upper to lower
O mm Hg body.”
51 min™
Buckey, 2006.

AP
-20 mm Hg @ P 5\ pp = 230 m (770 ft)
above sea level

00 mm Hg

25 mm Hg Blood volume shift = 0.6 £
-2 mm H .
Rt f(AP, time @ AP)
AP

— -50 mm Hg @8 P g\ pp =600 m (1970 fi)

above sea level

Sources: Rowell, 1986; Buckey, 2006; Smith, 1990.



Foundation of LBNP

| Date | Location | _Event | Author | ___ Notes ____

1550 BCE Egypt
1000 BCE China Cupping
400 BCE Greece Hippocrates

e . Dating back 5,000 years, the therapy is a form of acupuncture, and is based on the idea that suction from the cups
Figure 2: Flash-fire cupping. the skin up and mobilises blood and energy around the body

Dharmananda, Subhuti. Cupping. N 3
http://www.itmonline.org/arts/cupping.htm, March 1999 . 2 IR
(accessed 26 June 2014). £ ARt . Uk .com
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http://www.itmonline.org/arts/cupping.htm

Iron Lung
St. Louis Science Center, 2006

27 June 2014 www.nasa.gov/exploration/humanresearch 13



Brown, 1966 (Greenfield, 1963)

J. Physiol. (1968), 183, pp. 607-627 607
With 12 text-figures
Printed in Gireat Britain

CIRCULATORY RESPONSES TO SIMULATED GRAVITATIONAL
SHIFTS OF BLOOD IN MAN INDUCED BY EXPOSURE OF
THE BODY BELOW THE ILIAC CRESTS TO
SUB-ATMOSPHERIC PRESSURE

By ELLEN BROWN, tHE 1ate J. 8. GOEL A. D. M.
GREENFIELD* axD G. C, PLASSARASYT
From the Cardiovascular Research Institute and the Depariment of
Medicine, University of California School of Medicine, San Francisco,
Cal., US.A.

(Received 26 July 1965)

SBUMMARY

1. Exposure of the body from iliac crests to feet of a horizontal subject
to a pressure 70 mm Hg below atmospheric causes a displacement of about
10 g of blood kg total body weight from the upper to the lower part of the
body. Much of this blood is returned very rapidly at the end of suction.

2. During suction, the changes in the circulation resemble those during
a foot-down tilt. After suction, the changes resemble to some extent those
following the Valsalva manoeuvre.

3. The overshoot of forearm blood flow following suction is caused by
variations in the activity of adrenergic vasoconstrictor nerves. The recep-
tors for this reflex have not been identified, but their stimulation depends
upon a rapid and large return of blood to the central circulation.

INTRODUCTION

Local exposure of the forearm (Greenfield & Patterson, 1956), hand
(Coles & Patterson, 1957) and calf of the leg (Coles, Kidd & Moffatt, 1957)
to subatmospheric pressure causes the local content of blood to be increased.
In the calf of the leg, exposure to a pressure 70 mm Hg below atmospheric
leads to an increase in volume, attributable to accumulation of blood, of
about 5-5%,. This is of the same order as may be caused by venous con-
gestion with a cuff at 70 mm Hg.

Venous congestion of two or more limbs shifts sufficient blood (Brown,
Hopper, Sampson & Mudrick, 1951) to simulate the effects on the remain-

* Present address: Department of Physiology, 8t Mary's Hospital Medical Bchool, London,

Ww. 2,
t Presant addresa: Therapeutic Clinie, School of Medicine, University of Athens, Greece.

Clip

Fig. 1. Apparatus for exposing the parts of the body below the iliac crests

Domestic vacuum cleaner

Clip

to subatmoapheric presaure,

Changes in heart rate

=70 (mm Hg) for
1 min

-0
Fig. 4. Average changes in heart rate over 10 sec periods starting at 25th and 50th
sec of suction, and at 5th and 25th sec after suction, and represented as changes
from the resting heart rate. ® G.P., O R.L., & RF., & J.G., m J.H, 0 1.8,
% M.M.H., + D.G.

(mm Hg)

0
Sec

Fig. 2. Events following suction at — 60 mm Hg for 2 min. Subject R.L.
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Fig. 6. Changes in systolic and diastolic arterial pressures from their previous rest-
ing values during and after suction for 1 min st — 70 mm Hg. The lowest values at
the start of suction, and the highest after suction are shown, and also the valuss at
the middle and end of suction, and 30 sec after suction. @ G.P., O R.L., 4 R.F,,
mJH., x MMH, + D.G.
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Stevens and Lamb, 1965

Effects of Lower Body Negative Pressure

on the Cardiovascular System’

Paur M. STEVENS, M.D., and LAWRENCE E. LAME, M.D., F.A.C.C.

Brooks Air Force Base, Texas

Wnu the onset of manned space flight much
attention has been devoted to the study of
the effects of weightlessness on cardiovascular
reflexes and the problem of orthostatic intoler-
ance. Orthostatic intolerance is defined as an
individual’s inappropriate response to assuming
the upright posture, manifested by excessive in-
creases in heart rate, hypotension and increases
in incidence of syncopal reactions. Following
weightlessness,! ™ immersion,® inactivity® and
prolonged bed rest™? significant changes occur
in cardiovascular regulatory mechanisms, caus-
ing orthostatic intolerance. This has been
demonstrated repeatedly in the laboratory and
has been noted following prolonged space flights.
Evaluation of orthostatic intolerance and its
mechanisms has mainly used the standard tilt
table to induce orthostatic hypotension. Al-
though variability in orthestatic intolerance is
noted in normal people, the effect is magnified
by prolonged exposure to any condition which
decreases the gravitational cffect on the longi-
tudinal axis of the body.

During weightlessness the normal stimulation
secondary to changes of position is absent allow-
ing deterioration of normal cardiovascular
reflexes. This c¢reates  no problem during
weightlessness, but upon re-exposure to gravity
the reflex mechanisms may no lenger be ade-
quate to maintain orthostatic tolerance, result-
ing in what is calied “orthostatic decondition-
ing.”

Antigravity suits arc effective in counteracting
orthostatic intolerance and hypotension second-
ary to one or several G's.® The positive pres-
sure of the “G-suit” compresses the lower ex-
tremities, decreasing venous pooling, effectively
increasing central blood volume and venous
retwrn to the heart. It is assumed that the
application of negative pressure to the lower

limbs would induce pooling in these areas, de-
creasing venous return to the heart, and simulate
the cffects of quict standing or upright tilting,
thus stimulating the reflexes normally acti-
vated by gravity.

This concept led to this study of the cardio-
vascular responses to various degrees of negative
pressure applied to the lower limbs to determine
the similarity to orthostatic stresses,

MATERIAL AND METHODS

Thircy-cight healthy, male, active dury Air Force
personnel with no previous history of cardiovascular
discasc or orthostatic intolerance were the subjects,
‘Their mean age was 23 years (range 17 to 34}, the
mean height 175 cm., mean weight 71.3 kg. and the
mean body surface area 1.85 M”,

A negative firessure device was constructed so that up
w 80 mum. Hg negative pressure could be applied to
the lower hall of the body from the umbilicus down.
This device consisted of a solid wooden box 61 by 46
by 152 cm. A harness was rigged within its proximal
end so that the supine subject in the box could com-
fortably sit in the harness and the negative pressure
would not pull him into the box excessively. The
harness prevented the fect from touching the bottom
of the box. A rubber scal was provided at the open-
ing which fited aghtly around the waist level at the
fevel of the umbilicus, The seal was tight enough to
prevent a significant leak and sdll not be too un-
comfortable, The chest, upper abdomen, arms and
head were outside of the box. The subject, once
inserted, rested in a supine position (Fig. 1 and 2).

The vacuum was achicved by the use of a standard
vacuum cleaner motor. The magnitude of the vac-
uum was regulated by adjusting a variable leak into
the box through the use of a bleed-off valve. The
desired vacuum could be achieved within 5 to 10 sec,
after actvation of the motor and maintained at a
steady magnitude for an indefinite period of time.
The level of the vacuum wus continuously measured
by a standard mercury manometer connected to the
inside of the box,

* From the Internal Medicine Department, Aerospace Medical Sciences Division, USAF School of Aerospace

Medicine, Brooks AFB, "T'exas.
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Vol. 16, Oct. 1965
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Fic. 1. Side vicw of negative pressurc device shows the
rubber seal around the waist. The pressure cuffs and
plethysmogram were used only when blood volumec
mcasurements were made in the legs.
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ADJUSTAZE SUFPORTING 1 MNESS

Fic. 2.  End view of negative pressure device with front
pancl and rubber seal removed shows supporting harness
and negative pressure source.
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Progress of LBNP

1550 BCE Egypt
1000 BCE China
400 BCE Greece

1964 Brooks AFB
1965

1966
1965 Brooks AFB

UCSF
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Cupping
Hippocrates
LBNP D Graveline
LBNP A Greenfield, G Plassaras
E Brown
LBNP P Stevens & L. Lamb
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Original developer;
conceived with E Wood
(inspired by O Gazenko)

Abstract
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Progress of LBNP

1550 BCE Egypt

1000 BCE China
400 BCE Greece
1964 Brooks AFB
1963
1966 UCSF
1965 Brooks AFB
1966 Brooks AFB
1970 gl

Moscow

1970 NASA,

Houston

Cupping

LBNP

LBNP

LBNP
In-flight LBNP

In-flight LBNP

In-flight LBNP

| Date | Location | _Event | Author | ___ Notes ____

Hippocrates

D Graveline

A Greenfield, G Plassaras
E Brown

P Stevens & L. Lamb

O Gazenko

G Hoffler

Original developer;
conceived with E Wood
(inspired by O Gazenko)

Abstracts
Paper

Paper
For MOL, Apollo (1967)

For Salyut (1971)

For AAP, Skylab (1973)



Nomenclature

* “Exposure of the Body Below the Iliac Crests
to Sub-atmospheric Pressure”

* Lower Body Negative Pressure (LBNP)
- No such thing as “negative” pressure
* Lower Body Decompression

- Counterpart to lower body compression
garments

* Lower Body Suction



Spaceflight application

Early applicability, but implementation slightly
inappropriate...

l———— 22 FT DIAMETER—-,

FOOD LOCKERS AND SLEEPING Pi"'(‘:PKTIGEEQSU;’;'éwETD
RELATED EQUIPMENT QUARTERS ON HARD CEILING
ON WALLS OF FOOD piacisiahied
PREPARATION AND ON RAILS
COMPARTMENT BETWEEN THERMAL
¢ CURTAIN 'HAT'
SECTIONS

SLEEP RESTRAINTS
AND CLOTHING
STORAGE IN
SLEEPING QUARTERS

SANITARY EQUIP-
MENT IN WASTE
MGMT COMPARTMENT

BICYCLE
ERGOMETER

EXPERIMENT MODULES ON WALL

PANELS, FLOOR AND BETWEEN
THERMAL CURTAIN HAT SECTIONS IN

EXPERIMENT WORKSHOP COMPARTMENT

TILT TABLE

)__‘:"?_“'j ‘ R - - AAP cluster experiments for S~-IVB Orbital Workshop. (ca. Sept., 1967)

- ‘:_"/P — ’;3. - - ,35966 1967 From: Skylab: A Chronology, R.W. Newkirk and I.D. Ertel,
——— ” - e - o

-~ = e R - o Washington, D.C.: NASA Scientific and Technical Information Office, 1977.

...possibly just a placeholder.




Initiated Dec. 1963
Authorized Aug. 1965
Cancelled June 1969

Planned:
5 missions,

2 pilots, 30 days

IN FRONT OF BAY NO.5

LIQUIDS
HANDLING
COMPARTMENT

LBNC IN

DEPLOYED POSITION

SECONDARY FOOD
ONSOLE

BUMP HAT
MICRO-EARPHONE
ASSY.
EMERGENCY
KS
BAY NO.I
BAY NO.S
L A
FLIGHT
STATION
PRESSURE
SUIT IN L BAY NO.I
BAY NO.5 MOTION
CHAIR-
/ MASS-DETERMINATION
DEVICE STORAGE
VIEIPORT_/
BAY NO.7
™0
EMERGENCY
07 MASKS
BAY NO. 6
BACK-SADDLE
RESTRAINT DEVICE
HATCH TO TUNNEL AND AIRLOCK
FULL BODY STRUCTURAL RAILS FOR MOTION-CHAIR
EXERCISE DEVICE DEPLOYED DEPLOYMENT

NASA photograph S-66-7370

McDonnell-Douglas, 1968
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NASA photograph S-66-33890
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Skylab (1973-1974) T ORBITAL WORKSHOP
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Space Shuttle Orbiter
* Approved 1972
* All crewmembers seated upright
during re-entry, landing
- Piloting required
- >1 G, for up to 10 min.
- After up to 10+ days in

weightlessness

2

1
+g =

z Touchdown

5 1 I ] 1 I

(b) 10 20 30 40 S0 60 70
Time (minutes) After Deorbit Burn
(SRR i T et
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US in-flight LBNP capability: Space Shuttle  #as

Orthostatlc Intolerance

Mission Research Countermeasure Application

Monitoring -

1990 STS-32 X X
STS-43 X X Exten(.ied
1991 Duration
STS-44 X X X Orbiter
STS-50 USML-1 X X Medical
Project
1992 STS-47 SL-] X X (EDOMP);
STS-52 X XX 15-30-day
STS-58 (SLS-2) X X missions
1994 STS-64 X LR
consideration
STS-65 IML-2 X X
1995 STS-71 SL-Mir X Mir, 3 months

Neural

1998 STS-90 Neurolab X CV control
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US in-flight LBNP capability: Space Shuttle  #as
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OBSERVATION/EGRESS ESCAPE PANELS
WINDOW
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Middeck Airlock
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Handlebar/Shoulder /
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Figure 7. Inflight bicycle exercise during
LBNP in Orbiter airlock.
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Charles, unpublished, 1985
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Middeck Airlock
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Fig. 1. Schematic illustra-
tion of the experimental set-
up enabling the subject to
perform supine cycle ergometry
during exposure to LBNP and
1PP.




US in-flight LBNP capability: Neurolab
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Chinese in-flight LBNP capability

Development of Self-generating Lower Body Negative Pressure Device. YANG Chang-bin, SUN Xi-qing,
WANG Yong-chun, YAO Yong-jie, WU Bao-min. Space Medicine & Medical Engineering,2003,16(4) :281
~283

Abstract; Objective To develop a kind of self-generating lower body negative pressure device, Method The
device consists of a flexible bellows, reinforced by several steel rings and sealed by gasproof adhesive plaster .
An adjustable valve, a one-way flap valve, shoulder straps and handles are incorporated on the top of the bel-
lows. The user’s lower body was contained in the bellows. As the user’s legs were extended, the bellows was
elongated and the air pressure in it decreased. Result Negative pressures of =58, -46, -38 and -26 mm-
Hg respectively was created with the adjustable inlet valve completely closed, one-quarter open, half open, or
fully open. Conclusion This self-generating lower body negative pressure device combines exercise and LBNP
into one thing and is safe and easy to use. It might be used in preventing cardiovascular deconditioning during
spaceflight or for anti-G training of pilots.

Key words: lower body negative pressure;aerospace medicine ;devices ; design

Address reprint requests to: YANG Chang-bin. Department of Aerospace Medicine, The Fourth Military Med-
ical University, Xi’an 710032, China
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Fig.2 Top view of self-generating lower body negative
pressure device

From Watenpaugh, et al.,1999
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Fig. |  Schematic show of self-generating lower body
negative pressure device
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157 ABSTRACT

An exercise device, especially suitable for zero gravity
workouts, has a collapsible chamber which generates
negative pressure on the lower portion of a body situ-
ated therein. The negative pressure is generated by
virtue of leg, hand and shoulder interaction which con-
tracts and expands the chamber about the person and by
virtue of air flow regulation by valve action

11 Claims, 3 Drawing Sheets
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TECHNICAL NOTE
Self-Generated Lower Body Negative Pressure
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AP load
FGRFﬁ
AP load on feet
» Skeletal muscle involvement
e Muscle pump activation
e Counteracts fluid sequestration
versus
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AP load on buttocks or crotch
* No leg skeletal muscle involvement
* No muscle pump activation
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LBNP combined with exercise

Wattenpaugh et al., 1999 %
Self-generated LBNP (no [{*
pumps, no internal
exercise device)
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LBNP combined with exercise

Hargens et al., 1991
Treadmill-in-LBNP
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The proposed treadmill will have split, moveable tracks, and each
foot will be moving independently—forwards, backwards, or up and

down—on its own belt. GRC, 2002
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Seated LBNP

" FRIGHT SEATED LBNP BOX—LATEGOLA & TRENT

Fig. 1. Side view of the upright seated LBNP box.

the empty volume of the supine LBNP box (5). The
back and floor consist of 2.5-cm thick plywood. and the
sides, front. top, hatch cover, and seat-cushion support
consist of 1.9-cm thick plywood. Internal cross braces of
lumber were located at anticipated points of maximum
stress. The external metal brace seen in Fig. 1 is a re-
dundant reinforcement. The box is mounted on four
10.2-cm casters for easy mobility. Although this box is Fig. 3

5 2 External view of the hatch cover and its three adjust-
1< i 1sed F a0y o 2 o - 40 tor
routinely used at a negative pressure of —40 torr, it able waist-contoured slats

Fig. 2. Seat with vacuum container ]
has withstood a test pressure of — 120 torr.

Pestov & Asyamolov, 1972 Lategola & Trent, 1979
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Design of an electronically controlled lower-body
positive and negative compound pressure range

chamber for use with a sitting posture
Keita ISHIBASHI, Ph. D.; Masaki OTAKA; Hisao YOSHIDA; Koichi IWANAGA, Ph. D.
Department of Design Science, Graduate School of Engineering, CHIBA UNIVERSITY

i |

1-33, Yayoi, Inage, Chiba, 263-8522, Japan

{

Lower body negative pressure (LBNP) is used as a
perturbation to the cardiovascular system!. While various
designs of LBNP devices have been introduced, most of the
researchers designed these devices to apply LBNP to a subject in
the supine position® 3. One of the advantages of the supine
position for LBNP is that a wide range of the negative pressure
load can be set in this position compared to the sitting position,
in which the relative gravitational blood shift has already
occurred. However, it is difficult to impose additional mental
work on a subject in the supine position, and it may not be
possible to evaluate the task performance appropriately?. When
both positive and negative pressure is available, a sufficient
range of pressure load values will be also available in the sitting
position. We designed an electronically controlled lower body
positive and negative compound range pressure (LBPNP)
chamber for use with a sitting posture.

The LBPNP chamber is a cubic structure made of plywood on
a stainless steel frame (Table 1). A neoprene skirt for air-tight
sealing fits around the subject's iliac crest (Fig. 1). An
electronically controlled pressure control system for LBNP is used
with this chamber. The main components of the system are an
electronically controlled blower and a differential pressure gauge
which measures the compound pressure range (Table 2). A
proportional-integral-derivative (PID) control is used for the
pressure control with a PC installed with an AD/DA converter.
The controllable range of the pressure gauge of the LBPNP is
from =70 mmHg to +70.00 mmHg with a 12-bit DA controller.

Although marginal leakage from the air-tight seal during
positive pressure caused a 1.3 mmHg offset during the 20 mmHg
LBPP condition, the LBPNP chamber was used successfully to test
the positive and negative compound pressure ranges in a subject
(Fig. 2). We observed large transient physiological responses to
mild LBNP (~20 mmHg), LBPP (+20 mmHg), and LBPNP conditions
(from =20 mmHg to +20 mmHg with a 30-sec period of sinusoidal
pattern).

We thus found that the LBPNP chamber for use with the
sitting position can be used to simultaneously assess the
orthostatic tolerance and task performance of a subject.
REFERENES
1) Goswani N. et al., Aviat Space Environ Med, 79(5), 2008
2) Verghese C, Prasad A, Aviat Space Environ Med, 64, 1993
3) Ishibashi K. et al., J Physiol Anthropol, 31:30, 2012
4) Iwanaga K. et al., Abs. book of 11th ICPA, 2013
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Table 1. Main components of the LBPNP chamber.

Frame stainless steel square tube, 50mm x 50mm, t =2 mm
850mm x 650mm x 600mm, Shinko co., Itd

Panel plywood, t = 21 mm

Clamps: steel (S45C) clamps, QLRE100, Imao corp

Window: polymethyl methacrylate (PMMA) plate, t = 25mm

Sealing skirts neoprane kyak skirt, KAKROO2, Sandiline

Release valve: stainless ball valve, p50mm x 1, ¢25mm x 1

Cut-off valve: stainless ball valve, 25mm x 2

Flange stainless flange, 50mm x 1, 25mm x 6

Sealer: silicone sealant, 8051N, Cemedine co.,ltd

Table 2. Main components of the control system.

Speed control blower VASF 1.50/1; Gebr Becker
Differential pressure

transmitter PU-10kPa; Halstrup-Walcher
Digital manometer: AD-1000; Halstrup-Walcher
DC power supply AD-8723D, A&D Co., Ltd
Isolation transformer CDF1-1000, Toa denshi Co.,Ltd
AD converter AD16-16U(PCI)EH, CONTEC Co., Ltd
DA converter: MaP1990DAD, Nihonsanteku Co., Ltd

Control computer MT7900, Epson Direct Corp
OS: Windows XP, Microsoft
Programming language: Visual Basic 6.0, Microsoft
Dynamic Link Library: SBL2100, Nihonsanteku Co., Ltd
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Figure 1. Experimental set-up with instrumented subject.
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Immersion LBNP

Series III: seated in a chair. In this case the hydrostatic pres-
sure corresponded to the height of the column of blood in a sitting position,

Pestov &
Asyamolov, 1972

Fig. 1. General appearance of immersion bath ensuring pressure
drop on the lower part of the human body

Series IV: immersion in a sitting position in an immersion bath
divided by a tight partition which made it possible to reduce the compen-
sating counterpressure of the immersion medium on the lower part of the body
(Fig. 1). Since the remaining experimental conditions (water temperature,
position, breathing at negative pressure, suspended state of the body and
extremities) in this case corresponded to the conditions in the first series,
the principal difference was a carefully measured decrease (by 24 mm Hg) in
external pressure on the lower (beginning with the waist) part of the body.
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LBNP plus Head-up Tilt
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Application to VIIP: Fluid shifts

Pls: Michael Stenger, Alan Hargens, Scott Dulchavsky, Valery Bogomolov

Fluid compartmentalization measures:
- Total Body Water (D,0)

- Extracellular Fluid (NaBr)

— Intracellular Fluid (Calculated)

-~ Plasma Volume (CO rebreathing)

— Interstitial Fluid Volume (Calculated)

Imaging measures: o | | Y

- Head & Neck ultrasound (Carotid, jugular, vertebral, cerebral)

—  Ocular ultrasound (Ophthalmic, retinal, ONSD)

—  Ocular Structure (OCT)

- Cardiovascular and portal vein ultrasound

- Tissue thickness of calcaneous, tibia, forehead and eyelid

- Magnetic Resonance Imaging (upright, supine, HDT) for
vascular and ventricular dimensions, CSF production and
flow, and ICP estimation

Other physiological measures:
— Intracranial Pressure (CCFP/DPOAE)
— Intraocular Pressure (Tonopen/Icare )
— Blood Pressure / Heart Rate / TPR

Prefligh

With and without fluid shift manipulation
(HDT/HUT/LBNP) and breathing maneuvers

nnnnnnnn
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Application to VIIP NasA
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Conclusion

 LBNP is applicable to
investigations of gravity-
dependent physiological
mechanisms in
weightlessness

 LBNP has demonstrated
value as a gravity-
surrogate or gravity-
replacement for in-flight
rehabilitation

- Cost-benefit calculation
= Significant cost
* LBNP has flexibility to

meet clinical and
scientific requirements




Sources

Brown E, Goei JS, Greenfield ADM, Plassaras GC. Circulatory Mission, in Biomedical Results from Skylab, R.S. Johnston and
Responses to Simulated Gravitational Shifts of Blood in Man L.F. Dietlein, eds. 1977, NASA, Washington, D.C,, pp. 284-312.
Induced by Exposure of the Body Below the Iliac Crests to Sub- Lategola MT, Trent CC. Lower Body Negative Pressure Box for +Gz
atmospheric Pressure. J. Physiol. 1966, 183: 607-627 Simulation in the Upright Seated Position. Aviat. Space Environ.

Buckey ]C. Cardiovascular Changes: Atrophy, Arrhythmias, and Med., Nov. 1979, 50(11): 1182-4.

Orthostatic Intolerance, in Space Physiology. 2006, Oxford Leonard JI, Grounds D], Farrell DG. Skylab Medical Data Evaluation

University Press, New York, pp. 139-168. Program (SMEDEP): Final Report on Contract NAS9-14523.
Buckey ]C, Homick JL. The Neurolab Spacelab Mission: 1977, General Electric Co., Houston.

Neuroscience Research in Space (NASA SP-2003-535). Plate 5:  Otto C. The Visual Impairment Intracranial Pressure (VIIP)

Blood Pressure Control. 2003, NASA, Houston, p. 173. Syndrome in Long Duration Astronauts (PPT), prepared for NASA-

Charles ]B, Stenger MB, Phillips TR, Arzeno NM, Lee SMC. In-flight Roscosmos Science Meetings, Vision Impacts Splinter, Houston,
Assessment of Lower Body Negative Pressure as a Feb. 6,2014.

Countermeasure for Post-flight Orthostatic Intolerance. 2010, Pestov ID, Asyamolov BF. Negative pressure on the lower part of the
ASMA. body as a method for preventing shifts associated with change in

Cooper KH, Ord JW. Physical Effects of Seated and Supine Exercise hydrostatic pressure. Kosmicheskaya Biologiya I Meditsina July-
With and Without Subatmospheric Pressure Applied to the Lower  Aug. 1972, 6(4):, 59-64. (In English.)

Body. Aerospace Med. May 1968, 39(5): 481-4. Rowell LB. Adjustments to Upright Posture and Blood Loss, in
Dharmananda S. Cupping. Human Circulation Regulation During Physical Stress. 1986,

http://www.itmonline.org/arts/cupping.htm, March 1999 Oxford University Press, New York, pp. 137-173.

(accessed 26 June 2014). Smith J], Ebert T]. Chapt. 1, General Response to Orthostatic Stress,
Graveline DE. From Laika With Love. 2007, self-published, pp. 78- Sec. VII, Effects of Lower Body Negative Pressure (LBNP), in

83. Circulatory Response to the Upright Posture, ].J. Smith, ed. 1990,

Ertl AC, Diedrich A, Paranjape SY, Biaggioni [, Robertson RM, Lane LD, CRC Press, Boca Raton, FL, pp. 25-29.
Shiavi R, Robertson D. The Human Sympathetic Nervous System  Stevens PM, Lamb L. Effects of Lower Body Negative Pressure on the
Response to Spaceflight, in Buckey, J.C., and ].L. Homick (eds.), The Cardiovascular System. Am. J. Cardiol. 1965, 16(10): 506-15.
Neurolab Spacelab Mission: Neuroscience Research in Space Watenpaugh DE, Ballard RE, Breit GA, Hargens AR. Self-generated

(NASA SP-2003-535). 2003, NASA, Houston, p. 197-202. lower body negative pressure exercise. Aviat. Space Environ.
Hargens AR, Whalen RT, Watenpaugh DE, Schwandt DF, Krock LP. Med., 1999, 70,:522-6.

Lower body negative pressure to provide load bearing in space. Yang C,, et al. Development of a Self-generating Lower Body Negative

Aviat. Space Environ. Med. 1991, 62:934-937. Pressure Device. Space Medicine & Medical Engineering, 2003,

Johnson RL, Hoffler GW, Nicogossian AE, Bergman SA, Jackson MM. 16 (4): 281-283 (in Chinese, abstract in English).
Chapt. 29, Lower Body Negative Pressure: Third Manned Skylab


http://www.itmonline.org/arts/cupping.htm
http://www.itmonline.org/arts/cupping.htm

ASMA 2014 Abstract

* Program ID number: 080

e Title: STANDING WITHOUT GRAVITY: THE USE OF LOWER BODY NEGATIVE PRESSURE FOR RESEARCH AND
RECONDITIONING IN SPACEFLIGHT

* Insight into VIIP (Visual Impairment Intracranial Pressure), May 12, 2014 02:00 PM Indigo E

* J.B. Charles, M.R. Campbell, M.B. Stenger, S.M.C. Lee

* Weightlessness during spaceflight causes cephalad redistribution of intravascular and extravascular fluid, provoking
cardiovascular and autonomic nervous system adaptations. The resulting functional state is appropriate for
weightlessness but can result in orthostatic hypotension and intolerance during and after return to a persistent
acceleration or gravitational environment. Lower body negative pressure (LBNP) applies subambient air pressure to the
legs and lower abdomen inside a volume sealed at the waist, and decompression by 40-50 mmHg reverses the
spaceflight-induced cephalad shift. LBNP has been used both to test the state of cardiovascular system during
spaceflight and as a countermeasure by all space-faring nations.

* Two configurations have thus far been used in spaceflight since the first LBNP flew on the first Soviet Salyut station in
1971. The Soviet and Russian configuration, used in four Salyut stations, the Mir space station and the Russian segment
of the International Space Station, has no saddle to support the body so during decompression the feet press against
the bottom of the collapsible chamber which shortens and applies force against the feet proportional to the
decompression level. Thus, activation of the skeletal musculature partially counteracts vascular and venous pooling in
the enclosed body segments, stimulating the orthostatic compensatory mechanisms as they would be standing on
Earth. In the American configuration, used aboard Skylab and the Space Shuttle, a saddle supported the astronaut so
the feet did not contact the bottom of the chamber, and vascular engorgement was not countered by muscular
contraction. This minimized skeletal muscle involvement, unmasked vascular compensatory mechanisms for research
purposes, and allowed measurements of changes in leg volume and muscle sympathetic nerve activity. Both variants
have demonstrated research and therapeutic value in appropriately designed protocols.

* LBNP continues to be used for research and countermeasures on ISS, and future versions may explore the value of
exercise during LBNP as an integrated countermeasure. This paper will review the history and development of LBNP for
spaceflight research and therapeutic purposes.

* (2243 characters, 319 words)



