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[Case Report]
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Abstract : Hyperbaric chamber dives at 19 ATA with helium-oxygen were performed at the Japan Marine
Science Technology Center from November 15 to December 3 in 1988 and from January 25 to
February 4 in 1989. During simulated underwater experiments, auditory middle latency re-
sponses (MLRs) and short latency somatosensory evoked potentials (SSEPs) were recorded in 3
professional divers (2 divers in each dive) for assessment of brain function.  During the satura-
tion dive (180 m below sea level) component Pa on MLR was lost, while component Po remark-
ably increased in amplitude.  These MLR changes rapidly recovered between the beginning of
decompression and at about 90 m below sea level.  On the other hand, N9—N20 interpeak
latency on SSEP slightly or moderately increased in the both divers, but N9—NI4 interpeak
latency was not affected by the 19 ATA saturation dive.  These results suggest that the hyper-
baric environment corresponding to 180 m below sea level cause some cerebral dysfunctions,
probably between the brainstem and the cortex, but these dysfunctions are only transient.
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Introduction

Since 1984, in order to investigate the effect of deep sea diving on human health,
saturation dives at various levels of depth have been carried out at the Japan Marine Science
Technology Center (JAMSTEC). We have participated in some of these experimental
series of saturation dives, and have already reported the effects of hyperbaric environment
on electroencephalography (EEG) (Matsuoka et al., 1987) and auditory brainstem response
(ABR) (Wada et al., 1988). According to our previous report, ABR, which expresses
brain stem function, was not affected up to the level of 150 m below sea level, and the
hyperbaric environment corresponding to between 150 m and 250 m below sea level caused
a transient increase of central conduction time (I—III and/or I—V interpeak latency).
On the other hand, auditory middle latency response (MLR) and short latency soma-

tosensory evoked potential (SSEP) also reflect the integrity of a more central brain function,
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which seems to be more sensitive to such a hyperbaric environment than the brainstem.
The aim of this study is to clarify the effects of the hyperbaric environment with

helium-oxygen at the 180 m below sea level on the human brain function by using MLR
and SSEP.

Materials and Methods

The experiments in the hyperbaric environment were twice performed in a human diving
simulator at JAMSTEC from November 15 to December 3 in 1988 and from January 25 to
February 4 in 1989.  Three professional male divers participated in the 2 diving tests to
180 m.  The divers NH and YK (ages 22 and 21 years old, respectively) participated in
the first saturation dive, and divers NH (same person as in the first diving test) and HT
(age 27 years old) in second one. MLRs were obtained from the first dive and SSEPs
from the second one.  The 2 dive profiles were almost the same and are shown in Fig. 1.

The brain electrical activities were recorded between a silver-silver chloride electrode at
the vertex (Cz) and the linked electrodes at the left and right mastoids. = One hundred

psec, ‘click” stimuli were binaurally administered through a TDH-39 earphone at a rate of
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Fig. 1.  Dive profile of the second saturation dive performed in 1989.  The dive profile of the first
one which was performed in 1988 was almost the same. ~ MLRs were recorded during the
pre-diving, compression, pressure holding time (180 m below sea level), beginning of decom-
pression and decompression (about 90 m below sea level) periods, while SSEPs were re-

corded 3 times, i. €., control period, pressure holding time (180 m below sea level) and de-
compression time (60—70 m below sea level).
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5/sec and at an intensity of 80 dB nHL.  The brain electrical activities were amplified
50,000 times with a band-pass of 5—3,000 Hz (—6 dB points, 12 dB/octave).  The am-
plified signals were fed into a computer and also monitored on an oscilloscope.  In the
analysis epoch of 60 msec 1,000 trials were averaged.

Simultaneous 2 channel SSEP recordings were obtained from the contralateral Erb’s
point to the stimulated hand referred to contralateral hand sensory area (7 cm lateral to the
midline and 2 cm posterior to the vertex) and also referred to ipsilateral Erb’s point with a
gain of 50,000 and a band-pass of 3—3,000 Hz (6 dB down). Responses were analyzed
for 30 msec following the stimulus onset.  Replicated averages of 500 stimuli each were
obtained.  The median nerve was electrically stimulated at the wrist at a level just above
the motor threshold.  The electrical pulse was 200 gsec in duration, delivered at 4/sec.

Body temperatures of all divers were monitored during the experiments and were be-
tween 36.5 and 37.5C.

Results

Normal MLRs consist of 2 negative and 2 positive components between 8 and 50 msec

following stimulus onset and these components were named No, Po, Na and Pa respectively

(Picton et al. 1974).  SSEPs consist of 2 positive peaks (P11 and P14) and 3 negative peaks
(N9, N18 and N20) (see Figs. 2 and 3, control periods).

Figure 2 shows MLRs in a case (YK) recorded during 5 periods (see dive profile in
Fig. 1). The MLRs during the control period clearly show both Po and Pa (or No-Po and
Na-Pa) components. =~ When helium-oxygen compression was rapidly induced, component

Po (or No-Po) significantly increased in amplitude (almost 10 times) without significant latency
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Fig. 2. The results of MLRs (diver YK). BD: beginning of decompression, PH: pressure holding

time.
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changes, while component Pa decreased in amplitude and increased in latency.  During
pressure holding time (180 m below sea level), component Po still showed a large amplitude
in comparison with its control period, and component Pa could not be detected.  This
nondetection of the Pa component continued until the beginning of the decompression.

When the decompression reached to 90 m below sea level, both components Po (No-Po)

and Pa (Na-Pa) were clearly recorded and recovered to almost the same pattern as during

the control period.  Another diver (HN) showed almost similar MLR changes as diver KY.
SSEPs were recorded 3 times, 1. e., pre-dive, pressure holding time (180 m below sea

level), and decompression time (60—70 m below sea level) during another saturation dive

whose profile was almost the same as the first experiments. SSEPs during the control
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Fig. 3.  The results of SSEPs (diver NH).
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period in diver NH components N9, P14, N18 and N20 were clearly detected with good re-
producibility (Fig. 3), while in diver YK only components N9 and N20 were obtained with
good reproducibility because of individual variation, electrode positions and/or EMG or
ECG contamination.  The interpeak latencies of N9—N20 during the three epochs in div-
er NH were 9.68, 10.00 and 10.16 msec respectively, which were a slight increase in compari-
son with the control period.  On the other hand, N9—P14 interpeak latency was always the
same value (4.0 msec) during the 3 epochs.  The N9—N20 interpeak latency in diver YK
was moderately increased during the diving period, i. e., 10.8, 12.0 and 11.6 msec respec-
tively.

Divers complained of dizziness, tremor, inattention etc. between 140 and 180 m below sea
level, but these symptoms were mild and immediately disappeared following the beginning

of decompression.

Discussion

The detection of high pressure nervous syndrome (HPNS), which is considered to occur
at the hyperbaric environment of around 200 m below sea level (Bennet & Towse, 1971),
and its prevention has been an important problem in regard to working safety at the bottom
of the sea. In order to elucidate the mechanism of HPNS various electrophysiological stud-
ies have been conducted (Naquet et al., 1984; Hock et al., 1966; Matsuoka et al., 1987).
Recently, cerebral evoked potential studies, especially far-field potentials such as auditory
brainstem response (ABR) or SSEP have made rapid advances and have made possible the
obtaining of the deep brain functions without any invasive procedure. — However, there
have been few such studies under hyperbaric conditions probably because of technical
difficulties. =~ We have already reported the effects of saturation dives in a 31 ATA helium
oxygen environment on human ABR and how the environment corresponding to 150—250 m
below sea level reversibly affected brainstem function (Wada et al., 1988).  On the basis of
this previous study we conducted the present study by using SSEP and MLR for examination
of telencephalon and diencephalon which seemed to be more easily affected by low pressure
than the brainstem. Since MLR is considered to be generated by the auditory pathway
between the upper brainstem and the temporal auditory cortex (Picton et al., 1974; Kaga et
al., 1980; Kraus et al., 1982; Cohen, 1982; Woods et al., 1987; Kadoya et al., 1988) and since
N9, P14, N20 on SSEP by the brachial plexus, cervicomedullary junction and sensory cortex
respectively (Lesser et al., 1981; Desmedt & Cheron, 1981; Luders e al., 1983; Mauguiére et
al., 1983; Hashimoto, 1984; Urasaki et al., 1985), these evoked potentials were considered as
answers to our problems.

The results of this study indicated that the hyperbaric environment corresponding to
around 180 m below sea level caused a disappearance of Pa component and an increase of
Po amplitude on MLR.  Component Po is often enhanced by post auricular muscle reflex
(Wada et al., 1987; Kadoya et al., 1988) and the increase of Po amplitude was probably
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caused by the diver’s tension due to compression.  On the other hand, a marked decrease
in Pa amplitude or loss of Pa must mean some dysfunction of the cerebral cortex or its sur-
roundings, because the Pa component is considered to be generated in these areas (Kaga et
al., 1980; Woods et al., 1987; Kadoya et al., 1988).

The effect of the hyperbaric environment corresponding to 180 m on the SSEPs in diver
NH showed only a mild increase of N9—N20 interpeak latency without any changes of
N9—PI14. Furthermore, the interpeak latency of N9—N20 in diver YK, in which compo-

nents P11, PI4 and NI18 could not be clearly detected, increased by about 1 msec.
Considering the fact that no changes of N9—P14 interpeak latency toox place in diver NH
and our previous report which showed that the ABRs were not affected by the hyperbaric
environment corresponding to 150 m below sea level or less, these interpeak latency changes
may be caused by some dysfunctions of the sensory pathway between the brainstem and the
Sensory cortex.

In conclusion, the results of this study indicated that the hyperbaric environment cor-

responding to 180 m below sea level must cause some dysfunctions between the brainstem

and cerebral cortex, but these dysfunctions were probably transient because of the rapid re-
covery of MLR.  Moreover, these transient MLR and SSEP changes may be related to the

diver’s transient symptoms such as inattention, dizziness, and tremor.
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