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Normal memory function is maintained in saturation divers belonging to Japan Maritime Self-Defense Force

Koji Ozawa
Undersea Medical Center, Japan Maritime Self-Defense Force, Ministry of Defense

Abstract

Memory function of saturation divers belonging to Japan Maritime Self-Defense Force was evaluated with a
computerized test developed to diagnose mild memory disturbance. This test comprised of six parallel contents
with equal difficulty and thus enabled repetitive measurements without contamination of learning effect.
Subjects were 36 male military divers who participated in simulated helium-oxygen saturation dives (400 msw
or 440 msw) . They were measured one week before the dive and at three time points after the dive: four to
seven hours, one week and two weeks after decompression. The evaluation scores of memory function at the
pre-dive measurement were comparable to those of age-matched normal adults group and the scores remained
unchanged throughout the post-decompression measurements. These results suggest that the subjects
maintained normal memory function and that there were no immediate effects of deep-sea saturation diving on
memory function. Moreover, no relationships were found between the evaluation scores and saturation diving
careers at the pre-dive measurement. This absence of relationship indicates that repeated saturation diving did
not bring long-term effects on memory function. It is therefore suggested that deep-sea saturation diving causes
neither immediate effects nor long-term effects on memory function, provided that an appropriate compression/
decompression schedule is applied and also provided that its operation is limited to once per year.

simulated deep-sea diving, neuropsychological assessment, immediate effect, long- term effect
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Table 1. General characteristics of the simulated saturation dives and medical status of the subjects.
2002 2003 2004 2005
Characteristics of the dive
subjects/divers i 6/6 3/6 2/6 5/6
maximum depth 2 400 msw 440 msw 440 msw 440 msw
Compession time 34 h 40 h 40 h 40 h
Medical status of the subjects
HPNS
drowsiness, sleepiness 5/6 3/3 1/2 4/5
vertigo, nausea 4/6 2/3 2/2 5/5
EEG 6 augmentation ¥ 6/6 3/3 2/2 5/5
Increase in body sway ¥ 6/6 3/3 2/2 5/5
Tremor 9 0/6 0/3 0/2 0/5
pcs ® 0/6 0/3 0/2 0/5
2006 2007 2008 2009
Characteristics of the dive
subjects/divers 5/6 5/6 5/6 5/6
maximum depth 440 msw 440 msw 440 msw 440 msw
Compession time 40 h 40 h 39h 39h
Medical status of the subjects
HPNS
drowsiness, sleepiness 3/5 5/5 4/5 5/5
vertigo, nausea 4/5 3/5 5/5 4/5
EEG 8 augmentation 5/5 5/5 5/5 5/5
Increase in body sway 5/5 5/5 5/5 5/5
Tremor 0/5 0/5 0/5 0/5
DCS 0/5 0/5 0/5 0/5

1) Some of the divers participated in saturation dives twice or more. In these divers, only the last data was used for analysis.

2) Compression to 10 msw was performed with air to raise oxygen partial pressure to 0.42 ATA,; this procedure inevitably raised
nitrogen partial pressure to 1.58 ATA. The following compression to the designated depth was done with helium. Therefore,
these dives are classified as trimix diving in strict definition.

3) Multi-channel EEG was analyzed using a topographic mapping method.

4) Body sway was measured with a gravicorder.

5) Tremor was evaluated with manual dexterity measurement (i.e., a pegboard test) instead of physiological measurement. No
impairment was found in the test performance during compression and bottom.

6) Decompression was done according to a method based on Duke—GUSI Saturation Decompression Schedules. None of the
divers including the subjects suffered from DCS, and all of the divers returned to their routine works after one—week

compensatory day—off.
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Table 2. Comparisons between the age-matched group and the subject group.

Comparison of memory function

Meaning of the difference

M Ind ;
potleaReb b Age-matched (n = 35)  Subjects (n = 36) " Statistical test ~ between the groups

Short—-term memory

Capacity 8.0 (£2.0) 92(x1.2) p <.01, t (55.62) = 2.84 better

Rehearsal 39.0 (£3.3) 39.3 (£1.5) n.s., t (47.81)= .37 almost equal
Working memory

Scanning time (msec) 532.0 (£105.5) 573.6 (=74.0) n.s., t (69) =193 worse
Long—term memory

Recall 7.3(*£23) 82 (%1.1) p .05, t (48.14) = 2.23 better

Recognition 258 (£3.1) 270 (1.9 n.s., t (65.67) = 1.97 better
Total evaluation

Degree of Deterioration 21.5(£7.3) 18.9 (+4.1) n.s., t (63.20) = 1.86 better

Numbers are means and standard deviations (in parenthesis)

1) The data measured at the pre—dive day (one week before the compression day) was used for comparison.
2) t test was used for statistical analysis (@ =.05). Mann-Whitney U test also indicated a non—significan difference in

Degree of Deterioration: U/ = 477.50, z = -1.75, p = .08.

3) “better” suggests that the subject group is superior to the age—-matched group.
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Table 3. Immediate effects of simulated deep-sea saturation diving: comparisons among the measurement time points.

after decompression

Memory Index pre—dive v

Statistical test ¥

4-1T7hrs 1 week 2 weeks
Short-term memory
Capacity 9.2 (+1.2) 9.5(=*1.2) 9.5(=*1.1) 9.4(%1.1) n.s., F(3,1058) = 2.62
Rehearsal 39.3 (x1.5) 39.7(x.8) 39.7 (£.8) 39.5(x10) n.s., F(2.02 70.67) =203,

Working memory
Scanning time (msec)

Long—term memory

573.6 (=74.0) 589.2 (*£79.8) 5934 (+99.9) 5852 (+89.8)

Greenhouse—Geisser correction

n.s., F(3,105) = 1.31

Recall 8.2 (%x1.1) 85(%x1.0) 84 (x1.0) 8.3(x.9) n. s., F (3,105) = 2.39

Recognition 27.0(£1.9) 26.6 (£2.3) 269 (£1.8) 27.0(£1.9) n.s., F (3,105) = .37
Total evaluation

Degree of Deterioration 18.9 (+4.1) 18.3 (£3.7) 18.2 (£3.4) 18.5 (+3.3) n.s., F (3,105) = 1.72

Numbers are means and standard deviations (in parenthesis)

1) Pre—dive measurement was done one week before the compression day.
2) One-way repeated—-measures ANOVA was used for statistical analysis (a = .05). Friedman test also indicated a non—

significant difference in Degree of Deterioration: %3)=15.68, p =.13.
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OIS (RERRE £ 36.1 (£4.3) 7%, AR5
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Table 4. Long-term effects of simulated deep-sea saturation diving on memory function.

: : i 1
Years of experience as a saturation diver

]

3)

The maximum depth of previously experienced dives

Memory index

Pearson's r 2 Statistical test 300 msw < 300 msw = Statistical test 4

Short—term memory

Capacity -.026 n.s., t(34)=.15 9.4 (£1.3) 9.0(%x1.2) n.s. t (34)=.86

Rehearsal 203 n. s, t (34)=1.21 39.1 (£1.9) 394 (£11) n.s,t(34)=-49
Working memory

Scanning time (msec) 071 n.s., t (34)= 41 551.6 (£55.4) 593.3(£840) n.s.,t (34)=-1.74
Long—term memory

Recall -.085 n.s., t (34)= .50 83 (x1.1) 8.0 (1.0 n.s. t (34)=1.00

Recognition 092 n.s., t (34) = 54 26.4 (£2.3) 274 (£15) n.s,t(34)=-1.70
Total evaluation

Degree of deterioration -.021 n.s., t (34)=.12 19.5 (£4.7) 184 (*£36) n.s, t(34)=.82

1) Years of experience as a saturation diver differed considerably among the subjects (range: 1 — 23 years, mean: 7.9 years).
2) The data measured at the pre—dive day was used for calculation of Pearson product-moment correlation coefficient. No
statistically significant correlations were found in memory indices (a = .05). Spearman rank correlation coefficient was also

calcurated for Degree of Deterioration (r = .050, p = .772) .

3) Nineteen subjects experienced a dive (or dives) greater than or equal to 300 msw before the dive at which the measurement
was done. Numbers are means and standard deviations (in parenthesis)
4) t test was used for statistical analysis (a = .05). Mann-Whitney U test also indicated a non-significan difference in Degree

of Deterioration: U = 141.50, z = .526, p = .08.

p<0.001,7(34)=—4.83),

5ODCEHREIERIZ DOWT, BB L AR BT
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