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Abstract

Objective—To examine the possibility
that subclinical damage may persist after
clinical recovery from neurological
decompression illness.

Methods—The neuraxes of 71 divers with
medical histories of neurological decom-
pression illness and 37 non-diver controls
were examined by recording the
somatosensory evoked potentials pro-
duced on stimulation of the posterior tib-
ial and median nerves.
Results—Although the tests gave some
objective support for the presence of
“soft” residual neurological symptoms
and signs, no evidence was given for the
presence of subclinical damage.
Conclusions—The contention that neuro-
logical damage persists after full clinical
recovery from the neurological decom-
pression illness was not supported.

(Occup Environ Med 1994;51:730-734)
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The principal finding from early postmortem
studies of professional divers and compressed
air workers who had died from acute neuro-
logical decompression illness was the presence
in the spinal cord of scattered discrete haem-
orrhages of the white matter with relative
sparing of grey matter.' * In divers, the lower
thoracic, upper lumbar, and lower cervical
cord were preferentially involved. A similar
pattern was found in the spinal cords of
people who had died several months or years
after sustaining neurological decompression
illness with most of the damage being located
in the dorsal and lateral columns.!+* Most of
these reports related to patients with substan-
tial functional residua. Palmer et al described
unexpectedly extensive damage to a spinal
cord at necropsy in a patient with a medical
history of neurological decompression illness
who had effected a good clinical recovery
before his death, which was not related to div-
ing.5 Palmer et al suggested that neurophysio-
logical studies might be used to supplement
the physical examination of divers. Certainly

*The convention for describing the decompression dis-
orders outlined by Elliott and Moon? has been adopted
throughout the text. Thus the generic term neurological
decompression illness is used to encompass type I decom-
pression sickness and cerebral arterial gas embolism.?

with the degree of disruption shown by
Palmer et al® obvious neurophysiological
abnormalities would have been expected
before death. Palmer et al found chronic
spinal cord degeneration at postmortem
examination in seven out of an uncontrolled
series of three amateur and eight professional
divers.® The divers lacked documented med-
ical histories of decompression illness and had
been certified as neurologically intact at med-
ical examinations performed shortly before
death. The abnormalities consisted of gliosis,
corpora amylacea, and blood vessel hyalinisa-
tion. A limited number of sections of each
spinal cord were examined by the Marchi
method for showing myelin degradation prod-
ucts. The size of the “window of opportunity”
for detecting degenerate myelin is controver-
sial but it probably starts at 10-20 days after
an insult and lasts for an undefined period
(months or years) thereafter.” It showed long
tract degeneration at postmortem examina-
tion in three of the commercial divers. The
method is, however, prone to misinterpreta-
tion because of artefact and lack of standard
preparation.® Subsequently, Palmer et al
showed cerebral vasculopathy at postmortem
examination in divers.® This supported ill
defined electroencephalographic'® and psy-
chometric!! 12 evidence for the existence of
subclinical cerebral deficits in divers and com-
pressed air workers. It was of particular interest
in the light of the findings by Polkinghorne et a/
of retinal vascular and pigment epithelial
defects in divers and the possibility that such
damage could be indicative of wider changes
to the central nervous system.!?
Somatosensory evoked potentials (SSEPs)
are recorded over the spine and somatosen-
sory cortex after the electrical stimulation of a
mixed nerve trunk and the subsequent pas-
sage of impulses along the dorsal columns.!*
They consist of positive and negative deflec-
tions that are identified according to the char-
acteristic latency at which they follow the
initiating stimulus and by their amplitude.
Clinically, the SSEPs to the stimulation of the
posterior tibial nerve (PTSEP) and the
median nerve (MSEP) are most commonly
recorded. Central conduction time may be
calculated by subtracting the latency recorded
over the spine from the corresponding latency
recorded over the scalp. Figure 1 shows the
principal parameters used to describe PTSEP
and MSEP data. These were adopted as the
outcome variables in this study. The P40
wave represents the primary response of the
foot area of the somatosensory cortex to
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Figure 1 Somatosensory
evoked potentials on
stimulation of (A) the
posterior tibial and (B)
median nerves.
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stimulation,'® and its latency (P40L) has been
found to be the most reproducible feature of
the PTSEP in clinical studies.' In view of
this, the P40L was adopted as the principal
variate in this study. After stimulation of the
median nerve, the N20 wave over the scalp,
the N13 at the seventh cervical vertebra, and
the N9 recorded above the clavicle at Erb’s
point are the most reliable features. From
these the conduction time from Erb’s point to
C7 (N9-N13) and the central conduction
time from C7 to scalp (N13-N20) may be
derived.

The SSEPs are well established as a means
of invasive monitoring the spinal cord func-
tion of dogs with neurological decompression
illness.”” Neurophysiological studies into
human neurological decompression illness
have appeared only as brief reports,'® single
case studies,'?? letters,?! or in the proceed-
ings?? or abstracts?®® of meetings. All have
involved small numbers of patients and in
each the description of the method is limited,
particularly with regard to the control data.
Yiannikas and Beran compared the SSEPs of
30 non-diver controls with those of 30 divers
who were within four weeks of treatment for
decompression illness of unspecified nature
and severity. It was found that lumbar spine
to scalp central conduction times were abnor-
mal in nine of the divers of which six were
clinically normal. Smith and Trojaborg found
that SSEP latencies and T12 to scalp and C7
to scalp central conduction times were normal
in nine out of 10 patients with ill defined
acute decompression illness.?? Moon et al
detected abnormalities of the PTSEP in seven
out of 12 cases of acute neurological decom-
pression illness.?? This was unremarkable as,
of the 12 cases, 11 had clinical involvement of

the lower limbs and 10 of these had motor
deficits. None the less, the hypothesis that
SSEPs may be capable of detecting subclinical
spinal cord damage in divers is encouraged by
their ability to show subclinical dysfunction in
disorders such as multiple sclerosis,?* a disease
that shares some of the multi focal characteris-
tics of neurological decompression illness.
The abnormalities of SSEPs have been shown
to persist on reversion to clinical normality
after the relief of spinal cord compression
caused by meningioma,'* and may be more
sensitive than physical examination in show-
ing abnormalities in cervical myelopathy.?

In the light of the findings from the post-
mortem examinations of divers and com-
pressed air workers with and without histories
of decompression illness,'** our study was
designed as an in vivo examination of the pos-
sibility that residual neurological damage may
persist after clinical recovery from neurologi-
cal decompression illness.

Materials and methods

Potential subjects who had been treated for
neurological decompression illness between
one month and four years previously (mean
17 months) were identified from the records
of the Institute of Naval Medicine, the Diving
Diseases Research Centre, Plymouth and the
hyperbaric unit of Whipps Cross Hospital,
London. Four cases were referred by Health
and Safety Executive approved diving physi-
cians. Two patients in whom the diagnosis of
decompression illness was questionable were
excluded.® Four potential participants with
histories of other neurological illness or injury,
including head injury with loss of conscious-
ness, or serious systemic conditions were also
excluded. A total of 71 divers were admitted
to the study (12 professionals and 59 ama-
teurs). Thirty seven non-diver controls were
drawn from a wide range of workers at the
Institute of Naval Medicine, Southampton
General Hospital, Diving Diseases Research
Centre, and auxiliary coastguards services.
Standards for entry into the study were the
same for divers and non-divers. Specific coin-
cident neurological injuries caused individual
test results to be discarded from several sets of
data that were otherwise acceptable. Thus a
history of low back pain would lead to the
exclusion of PTSEPs but not MSEPs. This
resulted in a slight disparity between the num-
ber of volunteers with admissible PTSEP data
and the number with MSEP data. For PTSEP
data, the mean (range) age of non-divers (n =
35) was 31-1 (19-55) and the mean (range)
height was 1-74 (1-54-1-92) m compared
with the divers (n = 61) age 34-6 (20—62) and
height 1-77 (1:60-1-91) m. For MSEPs data,
the age of non-divers (n = 37) 31-9 (19-59)
and height 1:74 (1-54-1-92) m compared
with the divers (n = 71) age 35-5 (20-62) and
height 1-78 (1-60—-1-96) m. Sex was discarded
as an independent variable (three divers and
six non-divers were women) as the influence
of sex on SSEPs is accounted for by allowing
for height.'® The divers were asked to estimate
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the number of dives that they had performed.
Their estimates ranged from four to 3000
dives with a mean of 454.

The clinical status of the divers at the time
of injury was deduced by a review of the case
notes and the current state of divers and non-
diver controls was determined from their
medical history and neurological examination,
which was performed by a single physician
(AWM). Each limb was assessed as having
“hard” or “soft” neurological signs or symp-
toms at the time of participation in the study.
For example, the demonstration of a definite
motor weakness or a convincing area of
numbness would be regarded as a hard find-
ing, whereas a diver’s report that the sensation
of pin prick was altered but in whom an objec-
tive deficit could not be shown would be clas-
sified as a soft feature. Divers were assigned to
subgroups according to the symptoms and
signs in the worse affected upper and lower
limbs. An individual could be in the “clini-
cally normal” subgroup for the upper limbs
and in the clinically abnormal subgroup for
the lower limbs (hard or soft).

SSEPs were recorded with a Neuropak
Four Mini (Nihon Kohden) machine in
accordance with the method described by
Katifi and Sedgwick.!® Recording electrodes
were sited over the scalp at Cz’, C3’, C4’,
FpZ’,* over the seventh cervical vertebra and
at both Erb’s points. The SSEPs were not
recorded over the lumbar spine as it was
found that they tended to be obscured by
muscular artifact in the predominantly mus-
cular male population studied. Earth leads
were connected to the subjects’ limbs and
bipolar stimulating electrodes were placed
over the posterior tibial nerve at a point below
and posterior to the medial malleolus, or over
the median nerve at the wrist. Volunteers
were monitored in the reclining position.

Summary of multivariate comparisons of divers and non-divers

Differences
Variates Groups compared (n) berween groups P Value
PTSEP:
RP40L, LP40L 18§>C < 0-05
2 nil
RN50L, LN50L 1 nil
2 nil
R40A, L40A (1) C35)vS(61) 1C>S8S < 0-05
2C>N <01
R50A, L50A (2) C(35) v N (38) 1 nil
2 nil
PTSEP variates 1CS <0-05
simultaneously 2 nil
MSEP:
RN20A, LN20A 1 nil
2 nil
RN20L, LN20L 1 nil
2 nil
RP30A, LP30A 1 nil
2 nil
RNI13L, LN13L (HC@7HvS (7)) 1 nil
2 nil
RNIL, LN9L (2) C(37) v N (63) 1 nil
2 nil
RN13-RN20, LN13 1S>C <01
LN20 2N>C <01
RN9-RN13, LN9-LN13 1 nil
2 nil
MSERP variates simultaneously 1 nil
2 nil

Prefix R = right limb; L = left limb; suffix L = latency; A = amplitude; C = non-divers; S = total
divers; N = divers with clinically normal legs or arms; PTSEP = leg data; MSEP = arm data.
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They were asked to relax and were kept warm.
The intensity of the stimulus used was that at
which a definite twitch of at least one digit
was seen. Two sequences of at least 500
impulses were averaged separately and sum-
mated to confirm reproducibility.

Volunteers gave their written informed
consent to the procedure, which had the
approval of the Ethics Committees of
Southampton General Hospital and the Royal
Navy.

Results

We carried out multivariate analyses of vari-
ance and covariance, with Wilk’s A and Rao’s F
test statistics,”” to determine any differences
between groups. The analyses incorporated
the data from both the right and the left side
in each set of limbs.

In the non-diver control group it was found
that several of the SSEP latency (suffix L) and
amplitude (suffix A) variates were linearly
related positively and negatively respectively
to height and, to a lesser extent, to age. In
view of this, it was considered necessary to
compare non-divers with divers by multivari-
ate analysis of covariance with height and age
as the covariates. Where the covariates were
found not to make a useful contribution to the
analysis, a multivariate analysis of variance
was conducted. The analysis of PTSEPs was
conducted with the following as bivariates in
which the prefix R indicates the results from
stimulation of the right and L the left side (fig
1A); RP40L and LP40L, RN50L and
LN50L, RP40A and LLP40A, and RN50A and
LN50A. Similarly, in the analysis of MSEPs,
the following sets of bivariates were used (fig
1B); RN20A and LN20A, RN20L and
LN20L, RP30A and LP30A, RNI13L and
LN13L, RN9L and LN9L, RN13-RN20 and
IN13-LN20, and RN9-RN13 and LNO9-
IN13. Also, combined multivariate analyses
were performed for the PTSEP and MSEP
sets of variates.

Out of 61 divers with admissible PTSEP
data 23 were assessed as having clinical
abnormalities of the lower limbs. Eight of the
71 divers with admissible MSEP data were
similarly assessed. All of the non-diver con-
trols were normal on physical examination at
the time of their participation in the study.

Of the various analyses conducted on non-
divers and divers (or subgroups of divers), the
only significant differences between groups
were associated with P40L, P40A, N50L and
the combined PTSEP variates. None of the
MSEP differences reached significance (table).

PTSEP DATA

The 61 divers entered into the analysis of
PTSEP data had, on average, significantly
longer P40Ls than the corresponding 35 non-
divers (P < 0-01, table). The relation was
strengthened by limiting the comparison to
the 23 divers who had lower limb clinical
abnormalities in at least one leg (hard or soft)
and it persisted when the 15 divers with soft
clinical abnormalities only were compared
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Figure 2 Relation between the average of left and right P40Ls and height in 35 non-
divers and 61 divers with medical histories of neurological decompression illness.

with non-divers (P < 0-01). No difference was
detected between divers with clinically normal
lower limbs (n = 38) and non-divers. Figure 2
shows the separation in terms of P40L against
height of non-divers, divers with hard and
with soft clinical abnormalities of the lower
limbs, and divers with clinically normal legs.

The only significant N50L differences
between non-divers and divers were the pro-
longed latencies seen in the 23 divers with soft
and hard abnormalities of the legs (P < 0-05)
and the 15 divers with soft features only (P <
0-05).

The 61 divers had significantly smaller val-
ues for P40A than non-divers (P < 0-05) as
did a subgroup of 23 divers with clinical
abnormalities in the lower limbs (hard or soft)
(P < 0-05). Although no significant difference
in P40A was found between the non-divers
and the 15 divers with soft lower limb clinical
abnormalities, there was a suggestion that the
38 divers with clinically normal legs had
smaller amplitude values than non-divers (P <
0:1). There was an indication (P < 0-1) that
the N50A of the non-diver controls exceeded
the subgroup of divers with clinical abnormal-
ities of the lower limbs (n = 23).

Multivariate analysis of the combined
PTSEP variates indicated that non-divers dif-
fered from divers (P < 0-05). There was no
difference between non-divers and divers with
clinically normal legs.

No significant PTSEP differences were
shown between the 14 divers whose abnor-
malities of the lower limbs at presentation had
resolved fully by the time of their participation
in the study and the 35 non-diver controls.
No significant difference was found between
the non-divers and the 14 divers without clin-
ical abnormalities in the lower limbs who had
performed at least 250 dives and were at least
six months after any accident.

MSEP DATA

The suggestion of a longer N13-N20 amongst
the 71 divers with MSEP data compared with
37 non-divers (table) did not reach signifi-
cance (P < 0-1). This was also the case when
the diver group was restricted to those whose
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arms were both clinically normal. No MSEP
differences emerged between the non-divers
and the 28 divers who were recorded as hav-
ing upper limb abnormalities at presentation
for treatment, but whose arms were clinically
normal when monitored. No significant dif-
ferences were found between the non-divers
and the 23 divers with clinically normal arms
who had performed at least 250 dives and
who were monitored at least six months after
their diving accident.

Discussion

Differences in PTSEP values were found
between non-divers and divers with medical
histories of neurological decompression illness
particularly when restricting the analysis to
divers with soft and hard or merely soft resid-
ual clinical abnormalities. No differences were
shown, however, between controls and divers
with clinically normal lower limbs. The
MSEP variates did not show any significant
differences between divers and non-divers.
Thus, although SSEPs gave objective confir-
mation of hard and soft residua, none of the
variates examined supported the contention
that there exists residual, sub-clinical neuro-
logical damage in divers who have apparently
fully recovered from decompression illness.
These findings concur with those of Moon ez
al.? Although Yiannikas and Beran’s neuro-
physiological work suggested that occult
lesions existed in patients with neurological
decompression illness,'® it is possible, from
the data given, that several of the subjects
studied would have been classified as soft
cases in this study with consequent agreement
with the findings reported here.

Limited evidence emerged against the con-
tention that diving itself may cause neuraxial
damage, particularly as those who had per-
formed in excess of 250 dives and who had
clinically normal arms or legs were indistin-
guishable on the ground of MSEP and
PTSEP data from non-divers.

Conclusions from this study are limited by
the assumption that the measurement of
SSEPs is appropriate to show subtle damage
in diving related illness. Although SSEPs are
widely used to show subclinical changes in
multiple sclerosis, this disease is characterised
by demyelination. Although diving related ill-
ness involves demyelination, axonal damage
and gliosis are also features.’ ¢ Furthermore,
the search for very subtle changes in asympto-
matic people is likely to be affected by the rel-
atively small sample size and the limitations of
the control data in this study. None the less,
with what are commonly regarded as sensitive
investigative tools, the degree of dorsal col-
umn disruption shown in divers at post-
mortem examination by Palmer er a/°¢ and
Calder et al* was not detected neurophysio-
logically.
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