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SUMMARY

A spectrum of clinical symptoms consisting of grey-out, black-out, and
G-induced loss of consciousness has been identified in pilots of high
performance alrcraft, The M-l maneuver used in conjunction with reclined
seats and inflated G-suit provides significant protection against these
symptoms, Centrifuge-trained United States Navy tactical aircraft pilots
have recently reported a decreased ability to perform the M-]1 maneuver
while using the MBU-12P oxygen mask and CRU-79/P oxygen regulator. This
report reviewed the performance specifications of these devices and com-~
pared them with published pulmonary flow rates, We found this oxygen
system to interfere with the performance of the M-1 and other anti-G maneu-
vers, Further research is needed to characterize pulmonary flow rates
during the performance of the M-1 mancuver in order to make recommendations

for breathing system standards aboard high performance aircraft.
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INTRODUCTION

Grey-out, black-out, and G-induced loss of consciousness forr a well
established spectrum of clinical symptoms occurring in pilots of high
performance aircraft (3). To combat this problem, several G protection
systens and techniques have been developed, including: reclined seats,
anti-G suits, positive pressure breathirg, and anti-G straining maneuvers,
0f these, the anti-G straining maneuvers are the most effective protective
adjuncts, maximally extending the centrifuged-trained pilot's G tolerance
by some 2-4 G above the 4-5 C "relaxed" tolerance obtained seat while
wearing an inflated G suit (1,5).

Centrifuge~trained United States Navy pilots have recently reported a
decreased ability to perform the M-1 maneuver while using the oxygen sys-
tems in tactical eircraft, The major problem that the pilots report is an
inability to take a quick, deep inspiration due to insufficient oxygen
flow. They also note that gas frequently leaks from around the mask when
they are doing a modification of the M-1 maneuver, in which they only
perform the maneuver for 3 seconds and therefore must rapidly exhale the
gas remailning in their lungs at the end of this time. This report examines
these reported problems with respect to published data on the M-1 manecuver,
maximum inspiratory and expiratory flow rates, and the performance specifi-

cations of the oxygen systems utilized in tactical Navy aircraft,
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M=1 MANEUVER

The M~-1 maneuver is a particular type of anti-G straining maneuver
originally described by Wood et al.:

"Just before the g comes om with all your strength pull
your chin in and your shoulders up. Simultaneously
push your belly against a tightly drewn safety belt as
if straining at stool. As you do this, yell the word
'Hey' as continuously as possible, Use up nearly all
your breath on each 'Hey' then grab a very fast breath
ard immediately start yelling again. Keep this up as
long as you hold the g (13)

Since this original duscrintion, various modifications of the maneuver
have been described and are compared in the review by Buxton et al. (2).
Common to all of these mudifications is forced expiration against either a
closed or partially closed giotiis; this raises intrathoracic pressure and
causes a resultant increased arterial pressure at eye level, If high G is
sustained for longer than a few seconds, then the pilot must rapidly
inspire and repeat the M-]1 maneuver. In the case of the L-1 maneuver, in
which exhalation is against a closed glottis, and thus no gas is lost while
straining, the pilot must both rapidly expire and inspire before repeating
the maneuver. In both these maneuvers, it is crucial that these respira-
tory gasps be short (approximately 1 s ) or grey-out or unconsciousness may

occur (2).

MAXIMUM INSPIRATORY AND EXPIRATORY FLOW RATES

Maximum inspiratory and expiratory flow rates have been reported by
many authors (6,8,9,10) - see Table I, While there is a great deal of
variability among these results -~ owing to the dependence of expiratory
flow on age, sex, and height; and the dependence of both expiratory and
inspirstory flow on effert -- maximum expiratory and inspiratory flow rates

are frequently depicted as 8 L/s (8).
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Table I. Publislhed maximel inspiratory and expiratory flow rates (L/s)

Kory et al, Fry & Hyatt Hyatt* Butler et al. Hyatt**
e e e e

Maximal Inspiratory -- .- 8.5(1.3)**"  5.0-8.3 --
Flow Rate

H‘x’-m.l Expi'l.‘a'.‘.ory 7.02(2.4) 400-8'5 8.5(1.6) 6.6-8'3 8.3"100“
Flow Fate

Number of Subjects 369 3 12 6 --

*  Hyatt, 1961

** Hyatt, 1965

w** Vslues in parenthases () are standard deviations.
==~ Not reported.

DESIGN SPECIFICATIONS OF TACTICAL AIRCRAFT OXYGEN SYSTEMS

The most widely used oxygen system in Navy tactical aircraft cons.sts
of; the CRU-79/P oxygen regulator (interposed between the lower high
pressure hose and the upper low pressuce hose), and the MBU - 12/P oxygen
mask. A review of the performance specifications of this system shuws both
the inlet flow rate of the regulator and the inlet and outlet flow rate of
the mask valve to have a performance flow standard of 0-100 L/min,
(10,11,12). While these performance specifications are minimal standards,

we are unaware of published work detalling the actual flow rate of this

system.

DISCUSEION
It 18 reedily apparent that the published maximal inspiratory and
expiratory flowrates of 480 L/min (8 L/s) far exceed the performance
specifications of the Navy's tactical aircraft oxygen system (0-100 L/min).
It .8 reasonable to conclude that the difficuities being experienced by

tactical aircraft pilots may be due to the system's finability to provide
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sufficient inspiratory and expiratory flow rates during the M-l maneuver,
1f this is ﬁhe case, the problem is exacerbated by the L-l maneuver, which
includes both a rapid expiration and a rapid inspiration, thus increasing
signficantly the time needed to perform the respiratory gasp. Current §
information is insufficient to localize the source of a possible flow
restriction. It may be due to either a single component (ie, tiie mask,
the regulator, the hose, or the valve) or any combination of these. Given
the great importance of anti-G straining maneuvers in Iincreasing G tolier-
ance, alrcraft oxygen systems need to be designed to accommodate not only
average insplratory and expiratory flow rates and pressures, but the high

instantaneous rates of flow and changes in pressure that occur in a tac=-

tical environment while performing anti-G straining maneuvers. What is

needed 1s a description of the respiratory flow rates of tactical aircraft
pilots both under normal and simulated combat conditions. These human
requirements can then form the basis on which the actual flow rates of

’ tactical aircraft oxygen systems can be evaluated, and if necessary form a
standard for making appropriate engineering changes,

’ Unfortunately, it is not now possible to recommend specific standards
for tactical aircraft oxygen systems dve to a lack of information on the S
pulmonary physiology involved in the M-l or other anti-G maneuvers, While

considerable data currently exist on lung physiology, most investigators

have concerned themselves with the expiratory phase of flow volume loops

under normal enviroumental conditions, Pilots of high performance ailrcraft
must perform anti-G straining maneuvers under diverse environmental
conditions including: high G, diverse atmospheric pressures, and varying
amounts of positive pressure breathing. We are unaware of any published

reports that characterize pulwonary flow duriog anti-G straining maneuvers
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under these environmental conditions. Such studies need to be conducted in
order to make recommendations for breathing system standards aboard high

performance aircraft.
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