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Changes in sleep during a simulated Heliox saturation dive to 150 m
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Abstract

Standard polysomnograms, and questionnaires were measured using 4 subjects during simulated
150m heliox saturation dives. These measurements were performed on 4 pre-dive nights, 8 bottom
nights, 6 decompression nights and post decompression nights. Sleep disturbances caused by
frequent awakening were found throughout the dive period, but the disturbances were more intense
on the second and fourth nights at the bottom and on the third and fourth nights of decompression.
Stage 4 of sleep decreased every night at the bottom and from the first through third nights of
decompression. The subjective self-evaluation of sleep was in agreement with the physiological
variables. Complaints of subjective feelings of fatigue slightly increased throughout the dive period.
It could be surmised that sleep disturbance or fatigue was not as significant under the 150 m deep
hyperbalic environment of He-0, mixture, and therefore should be able to be coped with partially,

though there might be individual differences in adaptation.
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Bil] (=3.48,d1=3. p<0.05: MEEH] t=4.61, df=3, p<0.05). WAL &L REEHIS HFol 89.7(SD=2.1), BEEWI<)
o) 89.1% 54 bnli&ﬁulﬂi*’ﬂ Hlate] 4% B5F FoAd A4S RATEREL =3.66.df=3, p<0.05; t=4.99,
df= 3, p<0.03).

Table 1. Sleep Variables During the Saturation Dives with Significance Levels

Experiment  SPT,min TST,min SEL% Latency,min Number of Number of
day ‘ : ‘ Stagel ~ Staged StageREM  awakings stages
Pre-campression  night ‘ ‘ .
2" day  461.1(82) 452.5(5.9) 94.3(1.2) 17.8(6.9) 26.3(8.2) 98.5(41.7)  2.0(0.8) 14.1(4.5)
3%day  467.1(3.3) 460.4(5.0) 95.9(1.0) 12.3(2.2) 22.8(7.5) - 69.8(15.5) .2.0(1:8) 10.6(0.4)
4"‘ day  454.5(13.2) 4483(14.2) 94.6(3.0) 21.0(124) 22.0(5.8) 69.0(13.4) 1.3(0.9) 11.2(0.4)
Saturation night ‘ ’ o
I*day  466.3(6.8) 452.4(9.8) 943(20) 12.8(5.9) .203(3.9) 63.7(13.0) 6.3(3.8) 10.4(2.4)
2" day 430.8(14.3)* 381.1(32.5)* 79.4(6.7)* 50.3(14.4)* 21.8(6.2) 118.0(67.1) 6.3(4.3) 11.1(1.5)
3day  460.7(7.1) 432.1(5.2)° 90.0(1.0)® 21.5(5.3) 16.0(1.8) 63.0(26.9)  6.0(3.5) 12.5(3.1)
4"‘ day  407.5(76.8) 389.1(70.2) 81.1(14.6) 76.0(74.1) 28.0(16.2) 96.3(77.2) 6.5(3.3 13.0(1.8)
s"day  463.7(17.2) 444.1(20.5) - 92.5(4.2) 17.3(17.2) " 20.5(4.7) 76.3(31.5) 5.0(3.5) 12.4(2.1)
6" day  463.8(21.4) 447.8(2).7) 92.8(3.9) 19.7(19.0) 19.0(3.7) 79.8(20.1) 7.2(3.5)  15.3(3.2)
7" day  466.6(15.1) 462.4(11.4) 96.3(2.3) 95(54) 21.8(7.6) 658(122) 3.3(3.3) 12.3(2.6)
8" day  466.5(7.0) 437.3(28.5) 91.1(5.8) 14.8(6.9) 18.3(2.6) 101.3(34.7) 5.3(53) 14.6(Q2.1)
Decompression  night
1¥ day 466.5(9.3) 437.1(38.9) 91.0(8.1) 14.8(9.1F 15.7(2.9) 84.0(42.6) 53(33.4)  162(1.1)
2" day 438.6(9.5) 430.7(29.6) 89.7(6.1) 19.0(11.0) 247(5.7) 93.8(52.4) 5.0(2.1) | 153(1.9)
3 day  435.1(26.0) 410.7(16.4)" 85.6(3.4) 51.6(24.6) 26. 7(12.4) 68.0(14.7)  7.5(5.0) - 16.2(1.2)°
4" day . 448.4(17.8) 4282(13.4) 89.2(2.7) 38.3(209) . 28.2(13.5) 76.3(17.2) 4.8(1.8)" 153(2.1)°
5"day 454.8(21.8) 447.3(20.2) 92.6(3.9) 25.8(21.9)  20. 0(4.5) 71.8(21.4) 3.0(2.1) 12.9(2.1)
6" day 455.0(18.0) 414.4(36.6)  86.3(7.6) 31.5(19.7) 21. 3(6.3) 75.0(18.7) 3.8(L.7) 12.9(2.8)
Post-decompression  night ‘ ) ]
‘1%day  456.9(15.2) '437.9(22.1) 94.5(4.0) 24.0(15.5) 16.5(1.0) 69.0(Z1.1) * 3.32.5)  12.6(1.8)
2" day 450.7(27.0) 447.0(25.1)  93.6(5.8) 16.0(7.1) 15.8(0.9) 68.7(20.7) 2.8(2.2) 12.8(2.3)
ANOVA
Fratio - 1.86 22,73 281" © 2.66 1.17 1.25 2.83 - 3.29
P 0.05 0.01 0.01 0.01 NS NS 0.01 0.01

SPT: Sleep period time, TST: Total sleep time, SEI: Sleep efficency index, ANOVA: one-way analysns of variance.
Values are means and standard deviations in 4 divers.
" Significant difference from average for the third and fourth nights of pre-compression(P<0.05; ®;P<0.01)
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Fig. 3 Variations of average score of self-evaluations of sleep state for four divers during the dives. @-@,
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dolxe Zgel ARw, 2WY B3l AT WFl 212 th(F=3.27, df=3,54, p<0.01).

TABLE 2. Correlation Coefficients Computed Between EEG Sleep Variables and Self-evaluations of Sleep State

Category | Category I Category III Category IV Category V

Sleepiness - Maintenance . Anx:et.y Integration Falling to
of sleep in morning of sleep sleep
Total sleep time 0.28" 0.53¢ 0.14 0.54° 0.51°
Sleep efficiency index 0.32° 0.56° 0.18 0.51° 0.44°
Latency
Stage 1 -0.10 -0.38° -0.17 -0.38° -0.35°
Stage 2 0.05 0.22° 0.12 0.12 0.12
Stage 3 -0.05 -0.06 -0.07 0.09 0.16
Stage 4 -0.08 C4011 -0.00 0.10 0.13
Stage REM -0.10 -0.31° -0.29° -0.15 -0.24°
Number of awakenings -0.42° . -0.26° - -0.10 -0.16 . -0.16
Number of stage shifts -0.22* -0.02 0.01 -0.06 0.06
Amount of different stages h ' :
Stage awake -0.30° -0.43° -0.08 - -038 -0.33
Stage | 0425 027 - 006 - -0.19 -0.09
Stage 2 0.23* 018. -0.01 0.26* 0.13
Stage 3 -0.02 - 0.11 -0.19 0.13 . 0.14
Stage 4 0. 30° 026" 0.23* 0.25° 0.26*
Stage REM 0.10 : 047° 018 . 0.39° 0.38°

Significant difference 2p<0.05 ; °p<0.01; ©<0.001.
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Fig. 4 Mean scores for analogue fatigue scale and subjective feelings of fatigue during the dives. Significant
difference from average for the third and fourth days of pre-compression according to the t-test, (O) not
significant, (@)significant at the 5% level.
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2 ool 139 wixziAol BAY Aol AU FUck ¥F 2Fe] B4k, vix Fol
2o A0 Hydlol Al £ Aeie] A w2ty B Aol BE T, 150m REFS FH
wipae ugh oluAie AMHog BHS O AGAYG RAF7E Eoiwrine AZHA B
Srejuh #e Azke) zbAd e AjQlIzhe] zbolzt AL, 53 #ga coAlA F3EA 2 o7t ANT. 2
2l oAl 4 4 H= SWS(slow wave stage)?] 2dF L 1t F FASAAM Zase Aol AFHD
QIuH13-17). Rostain et al.[15-16]9 93tH, =9} BA&A 300m ol o] HA o sws o FATL
el = A AAstn Aok au, B AFoMAHE 150m 7t Holk, dA 4 FAFE REH |
Ax 2E WEN 3AA7AL Atolol ezt dEHI AAW, BEM A4 LA F o] FHEE NAH
= ARe RAct o vA49 & 2F A AMAHA FFYA, opdA B FHo o7
delHe cedsd g AAAE HFaHA ¥

gutr o2 WAARNY %, 44 F[2829]0 Aol FdH swsIt Fhsta, ujE FYER2

of 3% W o

Ul

(303114 $Hel BFHAdo] adde Aol AAHD Ak AFANE dE&o] A1(19), AAE
WzhA]7]7) 47] W&o, 2 AFdME, AAYE Fos B 22 & 343G T), HAFAS

A 25 2L 42 £ A sk 0@ A 2 AL HAEAD soE, AP
gl AR vag BRanst oA, dAl4 FE gihd FEgE AL AR

——o

pAY 5 goh 2u, 48 7133 AU 903 349 APASLS A o e BIAAE, &
oz R &% P UR M 52 7269, 2lE WEE A e ZES et gddn 4
ztgjo] it}

g3 o] Axof o Iz & ﬂliz}&"’e}«l 159 Z235E, mEdHA umw HREH 2
BED o) % Z2diata, o] MEMY FHrE Zidte ¥ B o Ad2RE,
As £ Za2e 324 HYgd 22d 271 4§ VAL 7HsAE AE Aol A4S Ao o
e, Agzdd FustE 2F 2EYL Yo i viFolH oA, dAl4 £ A o
Aoz Mg AL Rag @Al49 #ZAE AEge FACAM, o FEH UitA god ¢4E
DAY Zolth REM FHA oA E 1u¢ dF 8A3AA AASA ZAIdn AHse ATF[(13-14]

2 1 ¥z a0 2dFS YAEA Fdn e AT7R6], tHol ALY WAME dHHD Ug=

Bi12,17)% den, dFated gy A2 & AE Rolu Yo £ AFME REM T &8
gk 9 REM-NREM &% F7]19] At wEe #2HA &dod uaA], AL 1some 2 4§ &7
ol A=, REM-NREM &8 9 F7 Mol &S rAA & Aoz FZHIAYG AEAA gt 9

9] 1_34.14 )717].&: EEGQ—] Aga]rslz-l Bﬂ)‘g}_E H];ﬂ_@l é_} CH_O_?:;].:;_ 0104
23], Fig. 39014 Kol AAY HFONV.VY A7 dse, REM 22576 4244 BEH 18 ¥
B 3d#AR M @Gon) oFb EEG FURis el W Hdn {Ab shlvh 2oy, szadFgds d
L

27t Aol YolAl, ook RS WE AYHE 27 BRT. REM A SRH REHY FuA
Wt okgh ZEHA R, BEGMOIA FE8) Bastlth e, e AEL JPAEY B 7|
dol AH gk @AM AAABol @ N D 2Eex Fol wddol A2 FEHo| XA
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