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Six commercial divers were invesligatedfinr anxiety re-
sponses during a Z9-day, open-sea world record dive at
5'00 meters of depth. Three of six (50%) divers devel-
oped anxiety. The authors emphasize the importance of
research on personality traits as possible predictors flu-
the development ofanxiely during deep dives of excep-
tional depth and duration of confinement. Anxiety
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INTRODUCTION
Divers are exposed to an increase in pressure which
is related to the depth of sea water. At sea level, pres-
sure is 0.1 .\'IPa (i.e., 1 atm or I bar) ; it increases 0.1
.\-1Pa every ll] meters of sea water (msw). Breathing air
at depth induces nitrogen narcosis. To avoid this.
breathing mixtures which include a diluent gas with a
lower narcotic potency than nitrogen have been used.
Helium has relatively low narcotic potency and is ex-
tensively used, therefore, for deep diving. Ilowever,
when humans are exposed to environments of more
than 150-Z(l() msw in a l1eliu111-oxygen breathing mix-
ture, the} develop the Iligh Pressure Neurological
Syndrome (I*lP.\'S); (Lemaire and Rostain, I988:
Bennett and Rostain, 1993). Furthermore, diving
beyond 150-300 msw has required divers to live in
pressure chambers for several days that include the
compression, stay at depth to work. and decompres-
sion phases.

Symptoms of the HPI\'S mainly include nausea,
postural and intention tremor, myoclonia, decrements
in psychosensorimotor and intellectual performance,
and electroenccphalographic changes such as an in-
crease in slow frequency activities and sleep distur-
bances. These signs and symptoms of IIPNS have
provided a formidable limitation to man's ability to
dive to, and work at ocean depths beyond 300-350
rnsvt (Bennett and Rostain, W93). Presently, the con-
trol strategies of IIPNS include slow exponential
compression with stages, adaptation with time at
depth. and the use of narcotic gases, such as nitrogen
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(Rostain ct al., 1980; Bennett ct al., W81) or hydrogen
(Rostain ct al., 1988; Bennett and Rostain. 1993).

Few studies have evaluated the behavioral effects of
diving, particularly dives of exceptional depth. Studies
using the Luschc-r's color test have demonstrated that
living in a pressure chamber may induce anxious reac-
tions (Bugat, 1989; Bugat and Leinairc, I992). Since
the development of such anxiety responses has been
htrther suggested to occur in both normal subjects and
others showing an anxious guilt (Bugat. UI89), the
predictors of diving anxiety remain unclear. Else-
where, other studies related to space and navy medi-
cine have shown that confinement at normal pressure
might also induce an.\'ious reactions in subjects ex-
posed to such conditions (Ruff and Lew. 1959; 1\'ar-
dini et al., 1962). There is therefore some evidence to
suggest that depth and/or duration of confinement
may contribute to the likelihood of anrcicty.

The main purpose of the (IOMEX-Hytlra \'lIl dive
was to demonstrate the operationalitv ofhvdrogcnatcd
breathing mixtures in an offshore oil installation. We
took advantage of this diving exercise to determine
whether subjects participating in a dive of such excep-
tional dcpth (500 msw) and duration (29 days) would
develop S_\'I1'|plf()l11S of anxiety.

METHDDS
SUBJECTS

Six male commercial divers participated as subjects:
3 from the French navy (D3, and D6) . and ~l from the
Comes company (D1, DZ. D-l, and D5). All of them
had pre\>iousl_\' participated in b_vtlrogen-oxygen (D5)
or hydrogen-helium-oxygen (D1, DZ, D3, D-l-, and
D6) saturation dives. The ages of the subjects ranged
from 31 to -I-3 years (mean value: 36 years). All gave
their full infomicd consent. The divers were divided
into 2 groups: GI (D1, DZ. D3) and (S2 (D4, D5, D6),
according to personal preference. Subjects lived in in-
terconnected scparate pressure chambers of approxi-
mately 7 I111 ofsurface and 15 in‘ of volume each.

DIVE PROFILE
The profile of the Comes-l"l_vdra VIII experimental

dive at sea is shown in Figure 1. Compression was
started with helium to Z50 msw. At this depth, the
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Figure 1: Profile of the Hydra VIII open-sea experimental dive.
Compression was performed with helium to Z50 meters of sea
water (msw). Then, compression was continued with hydrogen
to S00 msw, i.e., the depth life level at which the scheduled task
was achieved. Decompression was initiated by hydrogen catalytic
removal from S00 to 300 msw using a linear rate of 1.2 m/h from
S00 to 300 msw. After hydrogen elimination, decompression pro-
ceeded as per a standard procedure for heliox saturation fi'om
300 msw to surface using linear rates of 1.2 in/h From 300 to IS
msw, and 1 m/h fiom 15 msw to surface. Full circles represent
time of rest sessions using the Cartel1’s anxiety questionnaire at
1-N) (day 1) and S00 msw (day 5) on compression, and 320 msw
(day 19) on decompression.

compression was continued with hydrogen so that a
total compression time of ~l days and 22 h was taken to
reach 500 msw, i.e., the depth life level.

.-\ period of 7 days and 17 h was spent at 500 msw to
achieve the main objective of the Hydra VIII experi-
mental dive at sea, which was to succeed with the
scheduled task. i.e., the connection of specific ele-
ments of an oil installation, and therefore to prove the
operationality of hydrogenated diving breathing" mix-
tures. Dnring this period, divers transferred to the un-
derwater worksite using a diving bell.

After the scheduled task was achieved, decompres-
sion was initiated by hydrogen catalytic removal from
500 to 300 msw. .-\i'tcr hydrogen elimination, decoru-
pression proceeded pcr standard procedure for he-
liuin-oxygeii saturation dives from 300 Insw to surface.
Decompression was performed using linear rates oi
1.2 m/h from 500 to 15 msw. and linear rates of 1 m/h
from 15 msw to surface.

The divers emerged from the pressure chambers af-
ter lT days and ll h of decompression, so that the to-
tal confinement time was Z9 days, 1 h. I0 min.

EXPERINIENTAL DESIGN
In the present study, the Anxiety Scale Questionnaire

(ASQ) was used to assess anviety levels. Due to opera-
tional priorities. there was only four test sessions, which
were performed at surface (day -1), during compression

at l-I0 nisw (day 1) and at 500 msw (day 5). and during
decompression at 330 msw (day 19).

Test sessions were performed at the salne hour,
between 10100 and 12:00 a.m. in a testing chamber
interconnected to the living chambers. Predive basal
inc-asurcnicnts (da_v -3) were used as control values.

ANXIETY SCALE QUESTIONNAIRE
Vie used the Cattell .-Xnxiety Scale Questionnaire

(ASQ) that contains ‘-l0 items each scored fi'om 0 to Z.
The ASQ provides a raw score of anxiety (range 0-80)
and 5 personality Factor raw scores with a range ol'sc-
vcrity from 0-8 (iiicror L), 0-12 (factor C). 0—l6 (Fac-
tor Q3), 0-20 (factor Q-I), and 0-Z-I (Factor 0). Then,
according to the ASQ Handbook that provides norms
which allow conversion of raw scores into standard
scores, both anxiety and personality factor scores were
expressed as standard scores (Centre dc Psychologie
.-Xppliquéc. 1963; Krug ct al., 1976).

So far as anxiety is concemed. standard scores of
0-3, -1-6, 7-8, and 9-10, reflect, respectively, an ability
to tolerate stress, normal levels oi anxiety, typical
“neurotic” levels oianxiety, and severe anxiety.

STATISTICAL ANALYSIS
Changes in both anxiety and personality i-actor

scores in relation to the depth and the duration oi the
divc were assessed using a one-way analysis oi variance
(A.\'()\'.'-\) for repeated measures.

RESULTS
For the whole sample of divers. neither the -.1n.vict_v

score (15 = 1.96. di'= 3, 15. n.s.) nor the following person-
ality factor scores (I, (), Q3, and Q-1» (C: F = 1.1.7, di'= 3,
15, n.s.; O: F = 1.36, di= 3, 15, n.s.; Q3; F = 3.335, dF= 3,
15, n.s.; (_)~l: F = 0.94, dF= 3. 15, n.s.) changed during the
course of the study. Alternatively. Factor 1.. showed a sig-
nificant increase at 320 msw on decompression (day 19)
(L: F = 4.47, df = 3, 15, P < 0.02). Data are exposed in
details in Table 1.

Changes in anxiety For individual divers are pre-
sented in Figure Z. Three oi‘ them demonstrated mod-
est increases in ratings of anxiety during the study;
however, of the six divers, only diver DZ demonstrated
clinically relevant levels of anxiety (i.e., “distress neu-
rosis”) at any point during the course of the dive.

DISCUSSION
.-ks the main purpose of the present open-sea experi-

mental dive was to demonstrate the opt-rationality of
hydrogenated (living breathing mixtures in an ofishore
oil installation, we used the Cattell Anxiety Scale
Questionnaire because this scale only requires short-
term test sessions of about 5-IO minutes. .~\lthough
the ASQ is not as sensitive for evaluating personality
ieanires as more specific questionnaires (Krug er -.11.,
1976), such as the objective-anal)»tic personality Factor
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TABLE I. Changes in both amtiety and personality factors standard scores in the six divers at surface (day-2), 140
(day l) and 500 meters of sea water (msw) (day 5) on compression, and 320 msw (day 19) on decompression“
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test battery (Cattell. 1955) or the I6 personality factor
questionnaire (Cattcll, 1956), it is, however, largely con-
sidered a reliable stale of general amziety (Bohbon, 1988).

For the whole sample of divers, our results indicate
that Factor L showed a significant increase on the last
ASQ test session, i.e., on day 1‘). This suggests that
long-term confinement would induce an increase in
both suspicion and the incapacity to cope with frustra-
tion. For individual divers, our results clearly indicate
that only three of the six (50%) divers, Dl, D2, and
D4. who participated to this open-sea world record
dive. developed anxiety symptoms, wltereas the others,
D3, D5, and Do. showed no anxious reactions. These
data are in agreement with previous studies that have
previously demonstrated that anxiety responses only
occurred, for a given dive, in some subjects (Bugat.
I989; Bugat and Lemaire. I902).

Since the development of such anxiety responses has
been further suggested to occur in both normal sub-
jects and others showing an anxious guilt (Bug;-1t,
I989), the predictors of diving anxiety remain unclear.
However. it can be speculated with little doubt that if
either depth of diving or duration of confinement
were the primary reasons For the development ofanx-
ious reactions, most or all of the divers participating in
this world record dive would have reported an increase

1.--irh_fi-ltvrr-/rum, the rl:’pI't’.\‘.\‘IZ'r‘ IHI.\'|lJIl.\' guilt. lbr lurk qf .\'0fl1I//_)' nppmzwl

in ratings ofanxiety. As this was not the case, our re-
sults suggcst that factors other than depth or confine-
ment havc contributed to the development of anxiety
in divers DI, DZ, and D4 during the present experi-
mental dive.

The dimension of introversion-extroversion has
been mentioned as a factor explaining why some vol-
unteers are unable to stand experimental confine-
ment (Miyasliiro and Russel, 197-l), and pioneer
experiments have clearly demonstrated that normal
non-neurotic subjects might develop anxiety during
stressful situations, according to some personality
traits. such as the incapacity to control and express
tensions in an appropriate manner (ego weal-mess), the
incapacity to cope with frustrations (suspicion), the
depressive anxious guilt, the lack of socially approved
behaviors, and the level of frustration (Rosenthal.
1955; Cattell and Scheier. 1958). However. at the
present time, Future studies are required to adequately
address these questions regarding experimental dives
of exceptional depth and duration ofconlineiiient.

All of these data suggest that studies in\'estig.\u'ng per-
sonality traits. as possible predictors For the tlevelopnient
of anxiety. could constitute a valuable line of investiga-
tion during deep dives oliexccptional depth and duran'on
olconfincment. However, because the .\S(_) is not u very
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Figure Z: Changes in anxiety standard scores in the six subjects at surface (day -2), 140 (day
1) and 5'00 meters of sea water (msw; day S) on compression. and 320 msw (day 19) on
decompression.

sensitive Scale for the persomility l'7.ictor invcstigiition
(Krug ct kll., 1976), §LlCl1 studies will require the use of 11
specific personality Factor questionnaire. Interestingly.
such research could he Further coupled to hiological
studies of peripheral ndrenergic and nurndrcncrgic Func-
tion insulin" as perturbations in these systcnis have heen
linked to anxiogenic responses (Boiilenger and Uhdc,
I981) in humans.

ln conclusion. although some niircosis (.=\l>r;iini et
al., 19‘)-l) and limited anxiety was clearly detectiihlc
during this experimental open-sc-:1 dive all of the divers
were ahle to work siiccessfiilly in the open sea environ-
ment during -.1 total time of 37 h in six excursions.
Therefore, since hydrogen pressure seems to lmve nei-
ther metziliolic toxic (Brziucr and Dutchci: WRT;
.\‘liller, I987) not nnxiogenic effects per se, as demon-
strated in the present study, liydrogcn-Med diving

l)X'C1llTl‘liflg mixture» seem therefore to con.~titi.|tc 3 use-
hil tool for deep (living. N(.'VCI'Il'iClCS$, as prcviotisly
reported for the individual susceptihility to the high
prcssiire neurological s}ndromc_ the present study hir-
thcr underscores the relevance of psychological investi-
ginions lot the selection of divers pariicipzition in dives oi
exceptional depth and duration ofcoiifineiiiciit.
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