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2 n Q‘ ~" Twenty-one U.S. Navy divers were given several standard visual tests, the Purdue Peg- ’
: ; board, the Bennett Hand Tool Dexterity Test, and the Wechsier Memory Scale while
¢ b breathing air or 30% nitrous oxide. The results showed that visual function, fine and gross
& . motor performance, and long-term memory were normal under nitrous oxide, while learn-

s 5 Q ing and short-term memory were significantly impaired, The subjective effect.« of breath-
g ¥ ing nitrous oxide were similar to_those experienced during compressed air_narcosis. The ‘

4 L < selective impairment of short-term memory suggests that divers might be able to perform ;

! useful work at depths decper than those currently authorized, provided the tasks were

well learned and practiced.,

f INTRODUCTION

~ The effects of inert gas narcosis are an
important concern for both military and sport
divers, because narcosis not only impairs job
performance but sometimes results in fatal
diving accidents. It has been shown that inert
gas narcosis inhibits cantral nervous system
activity, sometimes producing motor distur.
bances, defective vision, and auditory halluci-
nations (Bennett, 1966). Kiessling and Maag
(1962) demonstrated that manual dexterity, re-
action time, and conceptual ressoning were
consistently impaired at simalated depths as
shallow as 100 ft. while divers breathed air, and
that the amount of impai. it increased with
the complexity of the task. Baddeley, De
Figueredo, Curtis, and Williams (1968) have
shown that cognitive tasks were more impaired
than motor performance during mild narcosis,
while Bennett (1966) found that arithmetic
reasoning was readily disrupted at shallow
depths.
Relatively little attention has been directed,
however, toward further specifying which basic
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performance factors are susceptible to narcosis,
or toward determining whether learning or
memory is most readily impaired. Results of
several studies indicate that practice and
experience may result in improved performance
under narcosis (Kiessling and Maag, 1962;
Poulton, Catton, and Carpenter, 1964), while
another study has shown that longtenn
memory may be less impaired than short-term
memory (Steinberg and Summerfield, 1957).
Maintenance of performance during narcosis
would suggest that properly trained and condi-
tioned divers could work at depths dee~+~ than
those presently considered safe. For ex..npie,
the United States Navy currently limits air dives
to 190 ft. except for emergencies.

This study is concerned with some of the
specific  performance effects of inert gas
narcosis using 30% nitrous oxide to simulate
the ancsthetic properties of ait at a depth of
210 ft, of seawater (Cherkin, 1668). The per-
formance factors studied included motor
coordination, orieniation, learning, long. and
short-term memory, and visuel recall. Several
measures of visual function were aiso taken,
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METHOD
Subjects

The subjects were 21 divers assigned to the
U.S. Navy Experimental Diving Unit, Washing-
ton, D.C. Divers ranged in age from 24 to 41
years. Median age for the group was 28 years.

Procedure

All tests were administered under stan.
dardized conditions. Subjects weie tested in
counterbalanced order; 10 were tested first on
arr followed by nitrous oxide, and 11 recrived
the reverse corder. The subjects breathed
through a conventional face mask equipped
vith ¢ transducer for voice communication.
The mask was attached by rubber tubing to a
meteorological balloon which was fed gas from a
pressurized cylinder. The control valve was
opened to the room atmosphere during tests on
air. The narcotic gas used during the tests con-
sisted of 30% nitrous oxide, 20% oxygen, and
50% r’uaogen.

Subjects were given 10 min. on the mask
prior to testing, and were periodically asked to
cominent on their sensations. The divers were
aleo asked whether these sensations had heen
previoudy experienced. Visual tests were
administered after this iritial breathing period,
followed by tests of learning and me:nory,
Motor performance was then tested wsing
simple paychomotor tasks,

TASK DESCRIPTIONS
Visual Tests

Visusl acuity at 20 ft. was estimated usng 2
standard Snellen Chart, while near visual acwity
was measured wish an American Opticel reading
card held 14 in. from the eyen. Eatrzocular
muacle function was teaterd by observiug the
eyes in inree places, with sod without a red
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glass cover. Subjects were asked to descr be any
diplopia. Phorias were estimated usiig the
Maddox Wing. Proximal accommodation was
determined with both eyes simultancously,
measuring the disiance at which the smallest
characters on the vision card became indiatin-
guishable. Intraocular pressure was tested with
2 Schiotz Tonometer; stereopsis wus evaluated
using standard Titmus rings. Each subject was
examined for spontaneous nystagmus. Assym-
metrical optokinetic nystagmus was tested
using a standard optokinetic drum. Corrcctive
lenses were not used during any of the tests.

Bennett Hand-Tool Dexterity Tes:

The task used on the Bennc« Hand-Tool
Dexterity Test consisted of removing nuts,
washers, and bolts from one side of a stecl
frame and reassembling them on the other side
of the frame, using a standard set of wrenches
and screwdrivers. Subjects were givea three
practice trials prior to testing in order to
minimize practice effects. The performance
score was the total time required to complete
the task. This task measures mecimnical apti-
tude and grose motor skill,

Purdue Pegboard

The task used on the Purdue Pegboard
required that a set of pins, collars, and washers
be assembled in a prescribed order on a
prgboard. Theee practice trials were also given
hefore testing, The performance score was the
number of parts assembled corceetly in 30 sec.
This tssk is 2 megsure of manipulative skill and
fine meter performance.

Bechsler Memory Scaly

The Weelnler Memor: Seale econsists of
aeven sublests which test for knowledge of
peexonal end cureent information, vrientation
to time and place, mental contedl, recall of

logieal material, digit span (forward and bacl,
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ward), reproduction of simple geometric figures
from memory, and associative learning. The
two forms of the test were administered in a
counterbalanced order.

RESULTS
Visual Functions

Resuits of the visuul tests are shows in Table
1. The data indicated that vision was not
significantly impaired while subjects were
breat!..ng 30% nitrous oxide. Those differences
which did exist were small, inconsistent, and
always within normat limits,

All subjects were able to read the smallest
characters on the near vision card while breath-
ing nitrous oxide. Results using the nine Titmus
stereopsis patterns were normal, as were tests of
interocular pressure and  accommodation.
Spontancous nystagmas was not detected,
while tesis of optokinetic nystagmos found
normal, symmetrical movemenis under both
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test conditions. Tests of extraoculsr muscle
funciion showed conjugate reflexes to be nor-
mal. Subjective diplopia was not reported.
Evidence of slight insigaificant exophoria was
found in ten subjects using the Maddox Wing;
vertical pharias, however, were not detected.
Som= subjects aiso showed slight, insignificant
impairment in distance vision.

Motor Performance

Table 2 “hows the results for performance
on the Benvett Hand-Tool Dexterity Test and
the Purdue Pegboard. There were no - tatisti-
cally significant differences revealed setween
performance on air versus performance on
nitrous oxide, indicating that neither gross nor
fine motor performance was significantly im-
paired during narcosis. Performance on the two
motor tasks was highly variable. however, and
represented a wide range of mechanical skill and
dexterity. It is clegse that motor performance
remained unimpaired during moderate narcosis.

TABLE 1 Wechsler Memory Scale
Mudal Scores on Visunl Tests
- Test A Nitrous Onide Results. of the Wecha'ler Memory Sca!e are
presented in Table 3, which shows that orienta-
Visusl Acuity : : . . . v
Near 050 line 0.6 line tion to ume‘and place, mmt?l control, digit
Distsnt 20/20 20/20 spun, and visual recall remained essentially
Titmus Stereopsis All correct  All correct ol : . g
Irtraocular Prssure normal un.dcr mt'rous ox:d?, while short_tcfm
{Scate Units) .75 5.50 memory for logical material and associative
Optokinetic Nystagmus Norme! Normal } : e i fie . :
Voniom Normal Norma! fearning were significantly lmpaued: ‘
Accommodation Figure 1 shows that substantisl improve-
”""c":’&ww 20 65 ments in performance occurred, however, in the
{Scale Units) ussociative learning task over three trials on
C:’g“&?m 8 8 nitrous oxide, These data suggest that some
- learning is possibll  even during moderate
TABLE 2
Mean Scores and Standard Deviations on Psychomotor Performanve Teata
Air Nitrous Oxide
Test Aean 8D Mosn S.D. t
Bennzty Hand Tool (Sec.} 346.48 43.66 342.38 30 12 .89
Purdue Peghoard (Ports/30 sec ) 3824 539 38 33 387 0.10
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TABLE 3
Mean Scores and Standard Deviations for Caorrect [tems on the Wechsler Memory Scale
Air Nitrous Oxide
Test Mean S.D. Meen S0 .

Orientation 10.67 0.74 10.00 1.11 N
Montgpc:'mrol 7.04 1.73 6.0¢ 1.78 KF)

Forwerd 1.09 1.05 8.57 1.30 Rt

Bockward 5.04 1.51 4,51 130 vt
Visusi Recall 11.80 2.30 12.00 1.92 A.34
Short-Term Memory 14.90 3.12 , 207 T e
Associstive Lesrning®

Simple 551 0.76 4 1.18 +37*

Complax 2,13 1.24 1.21 1.06 WY ¥ Al

& Mean for ali three trisls.

*5 < 0.01.

narcosis. Results from the Wechsler Memory
Scale subtests are discussed below.

Personal History, Current Information, and
Orientation

This test asks for age, date of birth, names of
public officials, and other information, such as
current date and location. Memory for this
information remained normal while breathing
nitrous oxide. Approximately 90% of these
answers were correct under both test condi-
tions. It should be emphesized that this kind of
information is relatively permanent, and thas
this may have enhanced recall under nitrous
oxide.

Mental Control

These tasks require counting backwards
from 20 to 1, repeating the alphabet, and
coanting forwards by threes or fours. The
performance score was the number correct.
The results showed that performance on nitrous
oxidc was not significantly diffecent from that
on air. The results suggest that long-term
memory and simple cognitive performance were
esentially normal at this level of narcosn.

Digit Span

In this subtest, digit sequenves of increasing
length are recited from memor. until two
consecutive sequznces are niczed. Digit span is
the length of the longest aerics correctly re-
called. Performance on thi. ;ubtest was normal
under both conditiors. This finding suggests
that rote memory remsias *argely intact under
nitrous oxids.

Visual Recall

This test requires that simple geometric
figures be reproduced from memory. The
figures are printed on three test cards and
presented in order of increasing complexity.
The designs are viewed for 10 sec., and must
then be drawn from memory. A standardized
format is used o score the drawinga. Perfor-
mance on this task was essentially normal while
breathing nitrous oxide. These results are note-
worthy, however, hecause the muaterial to be
remembered is visuel, while that on the other
subteots of the Wechsler Memory Scale is largely
verbal. Morrover, this informatina was new and
had to be Jearned under nitrous oxide, while
tnuch of the information on previoos subtests
had hees fearned prior 10 narcosis,
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Figure 1, Moan number of simple and complex verbal essocistions corvectly recalled over three trials.

Short-Term Memory

This task consists of recalling from memory
the contents of two brief stories which are read
aloud. The performance score was the average
number of ideas correctly remembered. 'flie
results (Table 3) indicated that short-term
memory of verbal material was significantly
impaired during narcosis. Subjects remembered

71% of the idess under normal conditions,
while only 39% were recalied during narcosis. It
is uncertain whether this performance resulted
from lack of attention or impaired recali,
Performance on previous subtests suggest that
recall, rather than attention, was probably
impaired. If attention had decreased under
nitrous  oxide, performance on previously
administered subteats, such as visual memory
ard digit span, should also have be + disrupted,
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Associative Learning

This test consists of ten word aseociations;
six asecciations are logical and easy to learn,
and four are difficult. The ten paired asociates
were presented three times, and retention was
tested after each presentation. During testing
the first word of the pair was read aloud and
had to be answered correctly within 5 sec. or
the correct association was supplied. Figure 1
shows that performance on this subtest was
impaired on nitrous oxide. The results, how-
ever, suggest that substantial learning is poesible
during narcosis. Recall of both the easy and
difficult aswociations increased over the three
trials, with necall of the casy items being normal
on the third trial, It is apparent that case of
association was helpful in recalling the paired
words. These dota appear to substantiate the
above findings that :memory fo: previously
learned material remained largely intact under
moderate narcoeis. Material which was new and
which could not readily be integrated with past
experience was most readily impaired dunng
narcosis.

Subjective Reports

Fourteen divers stated that sensations
experienced during narcosis were similar to
those encountered while breathing compressed
air at depths of 200 to 250 ft., which corres-
ponds closely to the predicted anesthetic
equivalence of air and nitrous oxide (Cherkin,
1968). Five of the remaining divers indicated
that they found the effects similar to alcohol
intoxication, while the other two subjects did
not relate the sensaticns lo any previous
experience. None of the divers reported notic-
ing any unusual sensations while breathing air
through the face mask.

DISCUSSION

The results of this study indicated that while
breathing 30% nitrous oxide (1) visual function
remained normal, (2) fine and gross motor

HUMAN FACTORS

performance were not dissupted, (3) long-term
memory remained intact, (4) visual learning and
memory were notmsl, (5) verbal learning and
short-term memory were significantly impaired,
and (6) subjective effects similar to those
experienced during compressed air narcosis
were reported.

Pesults of the visual tests suggested that
sensory function was essentially normal under
30% nitrous oxide. The results from the test for
nystagmus were particularly significant, because
it has been demonstrated that other depressant
drugs, such as barbiturates and anticonvulsants,
often produce spontaneous vestibular
nystagmus (Bender, 1946). The results of the
present study sugges* that nitrous oxide can be
useful in visual tests ur examinations in which
light anesthetic is required.

Fine and gross moter performance «.;ere also
normal. These data are consistent with results
from other studies which show that tasks
having a large motor component are least
susceptible to the effects of inert gas narcosis
(Baddeley, 1966; Kicssling and Maag, 1962). It
is difficult, however, to determine whether it is
simplicity alone or past experience with similar
tasks which resulted in normal performance.
Results from the cognitive tasks suggest that
past experience and practice are important
factors in maintaining performance during
moderate narcosis.

Results of the Wechsler Memory Scale
shiowed that cognitive tasks involving long-term
memory were less impaired than tasks requiring
learning and short-term memory. This suggests
that many of the performance effects of nitrous
oxide could possibly be eliminated if the
material has been sufficiently learned prior to
narcosis, These results were similar to those of
previous studies which found that practice can
minimize the performance effects of inert gus
nsrcosis (Kiessling and Maag, 1962; Poulton,
Cation, and Carpenter, 1964). This also con-
firms the resuits of other studies which how
that cognitive performance on tasks requinng
short-term memory is significantly disrupted
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whie breathing 30% astrous oxide {Frashen-
haeuser and Beckmen, 1963 Steinberg and
Sumenerficld, 1957). Although this study found
that leamning of new infogmation was impaired
under ritvous oxide, significant improvement in
peformence ¢id occur and may have ap-
proached control levels with muoze practice.

It is roteworthy that shori-enn: visual vecall
remeined intact despite the significant impsir-
ments in short-term verbal memory. Alhough
these two tusks heve never been Jommally
equated, & comparison of scores under control
conditions chowed thet ths percentage of ersor
on the visusd task waz abuut the sme (15%) o8
that which aceurred on the first trish of the
simple association task {18%), indicating that
the two tesis may have been approximately
equal in difficuity. Performance daring narcosis
would, therefore, suggest that nitrous oxide
selectively impaived memory for yerbal infor-
mation, while leaving viswa] rocsl! intact. These
results wre similer do those of another study
{Packhouse, Henric, Duncen, and Rome, 1960)
in which memory for paired designs on 30%
nitrous oxide was significantly better lhen
memory o noneense sylisbles, The asis for
this diffeeence, however, is unkaown, Aldhoegh
nitrous oxide had probebly ceached thowe
mechanieins involved in visus! eecali long beloze
testing ov.curred {Kety and Schenid?, 1948), it i
possibl- that this dosage wae net sofficient to
disrupt norma! stivity in these inechenmms
{Brezier, 1954). Differcnces between the (v
tasks could slso sccouni Tor the resilw,

CONCLUSIONS

The resuits of this study indicated thet et
gue nareusis seiectively distupted performance.
Yigon, motas peeforntance, long-term memory,
nd visuel secalt remained lorgely mtact undes
nitvous oxade while loaming and sherttors
memory  were ssgnificantiv impaived.  Some
learning and shorbterm memory weie porabie
during moderatr sarcosie, supgesting that per
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formsnce may havs eprosched normal levela
with sdequate practice. These resulte. differ
from those of other studies of nercosis, espe-
cially thoee which have tested performance
during ectusl cheamber dives (Baddeloy, De
Figucredo, Custis, ang Willinwd, 1958; Kivesking
and Meeg, 1902). Both motes performunce and
simple coguitive tasks were gomerglly less im-
paited in this study, perhaps because these
divers hud more expesience with sercesis and
she testing conditions were lews steessiul. The
divers used in this study hed sil pecformed
underwater taska during wiivagen asrcnsls, end
may have lestred io adjust puntisily to ite
effects. Moreover, other atudise have vuggested
that she psychological stress of diving may
vorse: she perfermunce effevte of mitrogen
narccsts, (Daddeley, 1906}, Nitrons wxide conld
prove uselul iv ztudying intersctions hetween
psychalogical siress asd nitrogen naceosis.

Atnough s results indicate that the
perforinonse effecty of ineni gae nereoshs csn by
sunimized in certrin situztiore, further study
will e aeveswsry Delcre these conviveiens can
be substantivied and eppiied to ac2eal diviag
conditions.
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