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ORIGINAL ARTICLES

DYSBARIC PERIPHERAL NERVE INVOLVE-
MENT

Carl Edmonds
General

Peripheral nerve involvement from dysbaric accidents en-
compasses both barotrauma and decompression sickness
(DCS).

The significance of peripheral neuropathy in diving lies not
so much in its serious nature (it realy is not that seriousin
most cases), but in its diagnostic and therapeutic implica-
tions. Another difficulty isthelack of sufficient factual data,
from which to draw definite conclusions.*

Conventional attitudesto neurological DCS

In the Bennett and Elliott text of 1982, it was stated
that “ Themost sinister devel opment following adecompres-
sionisthe insidious onset of peripheral sensory and motor
symptoms. Paraesthesiae may be noticed in a limb or
possibly there might beamarginal degree of weakness. The
peripheral sensory and motor lesions are thought to be due
to bubblesin the spinal cord, but they do not alwaysfollow
atypical segmental distribution and an isolated patch may
occur in any limb. These or other deficits may not be
explained by a simple anatomical lesion. Cutaneous “pins
and needles’” must always be considered as spina cord
DCS’ 2

Elliott and Kindwall? also stated that Type 2 DCS
casesincludeall those of amore serious nature, with central
nervous system deficits, peripheral neuropathy or respira-
tory involvement with or without hypovolaemic shock.
Cranial nerve DCSwerereported, aswere 7th nervelesions.

Webb Haymaker®in his 1957 review, whichisstill a
productive source of research material, stated that symp-
tomsreferableto the peripheral nervous system (PNS) were
common. He referred to paraesthesias and radiating pains
involving the limb plexuses, trigeminal, facial and occipital
nerves. Such painsmay last for several daysand persist after
all other symptoms have disappeared. Oculomotor nerve
pal sy was also described.

In 1984 Goad* stated that “ DCSinvolving theperiph-
eral nerve system is sometimes seen as a patchy kind of
deficit, predominantly involving thelower extremities. Itis
attributed to bubble formation in the myelin of peripheral
nerves. It canbedifficult todifferentiatefromanincomplete
spinal lesion, but thedistinctionisimportant, sincethespinal

cord injury is potentially much more disabling if not recog-
nised and if not treated appropriately (if in doubt treat the
more serious injury)”.

Sykes® described the problems with neurological
DCS, “It can affect every structure within the nervous
systemand, tofrustratethemost ardent of academic neurolo-
gists, frequently affects several sites making interpretation
of symptoms and signs difficult. The onset of symptomsis
usualy rapid. The majority of symptoms of neurological
DCS will become evident within an hour of surfacing”.

IN1967, Panov and Elinskii® stated that isolated DCS
attackson peripheral nerveswerenot often encountered. As
ageneral rule pain, without any well defined disturbance of
sensitivity, was detected. The sciatic nerve was affected in
2 of their cases, theradial in one and the facial inone. The
symptomswerealwaysof short durationand cleared without
atrace. One patient produced neuralgic symptoms (plus
arthralgiaand myalgia) and this appeared to be the basison
which an hysterical paresis of the lower extremity devel-
oped.

Chronic and sometimes severe pains, referable to
either nerves, nerverootsor plexuses, may follow neurol ogi-
cal DCS, when myelin sheaths may have be damaged.
Spinal cordlesionsmay also beresponsiblefor someof these
Cases.

DCS caseswith peripheral nervous system lesions

LITERATURE SEARCH

Crania nervelesionswerefirst reported many years
ago. Pain persisting for sometimewasreported by Bauer in
1870.7 In 1890 Catsaras®*from France, also reported cranial
nervelesionsasdid Sibersternin 1895.° In 1904, Lie® and
Parkin'! both published cases in the German literature. In
1907 Klienberger®? published ageneral review, thenin 1909
Keays® also published a general review of the subject. In
1939 Gerbis and Koenig published a case of oculomotor
palsy in the German literature and in 1944 Donald® also
published a casein the U.K.

RESEARCH PAPERS

In 1944 Gersh and Hawkinson'*® demonstrated the
presence of bubbles in the myelin sheaths of peripheral
nerves.

Jackson and Vanderwalt!” assessed the possibility of
Type 1 DCS being due to abubblein the nervelipid tissue,
to explainthe poor correlation between bubblesin theblood
and Type 1 bends, and the propensity to DCS following
nerveinjury.
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CLINICAL PAPERS

To select these | have used as evidence of periphera
nerve system (PNS) DCS, the reporting of patchy distur-
bances of sensation, paraesthesia, and neuralgias in DCS
cases. The figuresin parentheses are the numbers in each
series.

Rivera'® (935) described numbnessor paraesthesiain
21.2%, athough there was paraysis in only 6.1%. He
described crania nerve involvement in 0.2%.

Slark?® (137) described disorders of sensationin 8%.

Kidd and Elliott® (250+) described sensory impair-
ment in 25%, with motor impairment in only 13%.

Erde and Edmonds* (100) found that the incidence
of clinical cerebral, spina and PNSinvolvement in recrea-
tional diverswas 24%, 22% and 11% respectively.

How, West and Edmonds* (115) described numb-
ness, either alone or as part of an overall neurological
complex, in over half of their cases.

Dick and Massey?(70) described limb paraesthesias
in 34%, neurogenic limb painin 9%, limb numbnessin 56%
and weakness in 23%. Inonly in 11 % was there an actual
paralysis. Thediagnoseswere often delayed because symp-
toms did not fit the classic picture of major neurological
dysfunction.

Todnem and colleagues** (156), found that divers
had more central, peripheral and autonomic nervous system
symptoms than controls. This correlated with DCS inci-
dence.

In 78% of the 88 divers with DCS in the series
reported to Gorman and his colleagues® there were overt
neurological symptoms and signs, attributable to DCS,
beforetreatment. Over half of the19 diversinitially consid-
eredtohavehad only Type1 DCSdemonstrated aneurol ogi-
cal deficit after discharge. Seven had abnormal psychologi-
cal tests and 5 had abnormal EEG records. This data
suggests that most DCS incidents involve the nervous sys-
tem.

Thereason DCS casesdo not conformto the conven-
tional neurological disorders is probably because lesions
occur in many different parts of the nervous system; cer-
ebral, spinal and peripheral.

CASE HISTORIES

Cesel

Elliott and Kindwall2described how damaged tissues
increased susceptibility to DCSaffecting aperipheral nerve.
A 25-year-old male diver was being investigated for epi-
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lepsy which developed while diving. A lumbar puncture
needle caused an injury with muscular twitching of theright
leg. Six dayslater hewentto15mfor 25minutesand 2 hours
afterwardshe devel oped paraesthesiain the back of hisright

leg.

Two weeks later he dived to 54 m for 15 minutes,
with appropriate stops, and 45 minutes after surfacing he
developed anaesthetic patches down the back of his right
thighand onthe knee. Therewas decreased sensation at the
S1-S2 level. Recompression chamber treatment produced
complete relief.

Case?2

A retired sheep shearer, aged 40, took up professional
abalonediving. Following aspinal decompression accident
he developed severe and protracted neuralgic pain in both
legs, resistant to therapy.

Twenty minutes after surfacing hedeveloped painin
the chest and paraplegia He was then flown to Hobart,
Tasmania, andtreatedintherecompression chamber and | eft
with afairly typical, ailmost total paraplegia (sight move-
ment inonefoot, urinary retention requiring catheterisation,
poor bowel control and occasiona erections). Afterwards
he devel oped severe and progressive pains, especialy inthe
|eft thigh and | eg and then subsequently intheright thighand
leg. These have not improved over 5 years.

Case3

In 1988, after repetitive daily diving in the Philip-
pines, a25 year old maledive master compl eted an unevent-
ful divefor 30 minutesto 24 m and then decompressing for
10 minutes at 15 m. The next morning he noticed a slight
twingeintheleft el bow (withweakness), also numbnessand
tingling in the left arm and forearm. Subsequently pain
developed in the left elbow and then progressed to severe
pain throughout the whole of the left upper limb. Flexion
gave some relief. He arrived at the USN recompression
chamber at Subic Bay four days after theinitial dive. A full
neurological examination showed no significant abnormal-
ity, but a possible slight strength reduction was described.

The diver was taken to 18 m on 100% oxygen with
amost compl eterelief of symptoms. Hewasobservedfor 12
hours after this. After afew weeks, severe “electric shock
sensations’ developedin hisleft armand continuedintermit-
tently until hewasseenin February 1989. Assessment by the
Clinical Neurophysiology Department at Royal Prince Al-
fred Hospital, Sydney, indicated that the lesion was most
likely in the brachial plexus on the left side, rather than an
intrinsic cord lesion. By April, 1989, the symptoms had
amost gone with only an occasional slight twinge or wave
of sensation.

Case4
A nursing sister, aged 28 years, had done 12 scuba
dives. She dived for 10 minutes to 36 m on the President
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Coollidge, at Santolsland. Thenext day shedida46 mdive
for 25 minutes, decompressing for 5 minutes at 6 m and 15
minutesat 3 m. Four hoursafter the dive an ache devel oped
inher left shoulder. Ninehourslater it changedto* shooting
pains’ and weaknessfrom theleft side of the head, neck and
back to the left elbow and hand. These pains lasted a few
seconds to a minute, and were associated with a constant
ache. A very mild skin rash was noted along the arm and
forearm for 24 hours

She noted inability to concentrate and difficulty in
finding the correct words. “I felt spaced out.” She was
unableto read even short articlesin newspapers. When she
wasflownto Australiatwo weeks after theincident, she had
shooting pains in her left shoulder and upper arm, severe
unrelenting headache, paraesthesia and alteration of sensa-
tion of the left arm and loss of power in the left arm.

An extended USN table 6 produced improvement in
strength and complete removal of the headache. Therewas
adlight alteration in sensation over the lateral aspect of the
left upper arm, shoulder and | eft side of the neck. Thiswas
unchanged during the last two of three 2-hour hyperbaric
oxygen (HBO) treatments at 9 m. There was some deterio-
rationafew daysafter thisand shewasgivenafurther 7HBO
treatments. During this time there was a considerable
improvement in her ability to concentrate, but she still felt
“snakey and irritable” and had late insomnia, anorexia,
general tiredness and some degree of depression.

Examination showed her to be mentally alert and
normal. Her left upper limb had reduced appreciation of
light touch and pin prick over the whole of the arm and onto
thetrunk from C3level toT4level. Motor power wasnormal
in the hand but there was winging of the scapula and slight
weakness of other shoulder girdle muscles, the most seri-
oudly affected being the infraspinatus. Vibration, position
sense and two point discrimination were normal. Her
reflexesweresymmetrical. Her neurologist reported” | have
no doubt that she has neurological lesions resulting from
decompression, with aspinal cord sensory abnormality, and
evidence of a lesion of some nerves proximaly in the
brachial plexus.”

The CT brain scan and EEG were normal. All the
neurophysiological abnormalities were on the left side.
Somatosensory evoked cortical responses revealed absent
ulnar potentials from clavicle and cervical spine in the
presence of normal median nerve potentials. There was
evidence of a lesion of predominantly C8 input in the
brachial plexus. Other electrophysiol ogical studiesreveal ed
abnormalities in her arm and specifically an extensive
denervation of the infraspinatus muscle. This must be the
result of alesion in the branch of the suprascapular nerve.
Changes in other muscles tested, were minimal.

Initial psychometric studies revealed a high intelli-
gence, but she had a problem in the initiation of tasks and
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suffered avisual memory deficit. Later testing wasnormal.

Four monthsl|ater, the ache had progressed to amore
intense pain down the lateral aspect of the arm and into the
webbed space between the thumb and the first finger, the
areasupplied by theradial nerve, probable C6 root distribu-
tion. Therewas no change in the objective symptoms, with
still amarked isol ated weakness of theinfraspinatus muscle
and a sensory impairment in the same distribution as previ-
ously. The neurologist’s assessment was: “ She has pain as
aresidual of theinjury which occurredtothebrachial plexus
and in the spinal cord from decompression sickness.”

Many treatments were given for the pain over a six
month period. These included Tegretol, Brufen, Voltaren,
transcutaneous stimulation, stellate ganglion block and
TENS. Thelast was of value.

Case 5

A malefish-farming diver, aged 17, performed hard
work, with many ascents and descents, for nine hours each
on two consecutive days to a maximum of 9-12 m (tidal),
with only a15 minute surface interval for lunch. After this
he felt alittle unwell, weak, tired, developed a slight head-
ache, weakness in the legs and multiple joint pains which
increased appreciably ashedrove over themountain. There
were patchy areas of hypoaesthesia and a reduction of
sensitivity to light touch and pin prick, over alarge areaon
the left lower abdomen, anteriorly.

Treatment with USN table 6 gave considerable im-
provement during thesecond oxygen period. Hewasgreatly
improved by the end of the extended table. Power had
returned and the hypoaesthesia had disappeared. After
treatment he was given intermittent oxygen. The pains
recurred on thefollowing day. He developed aretrosternal
and pleuritic chest pain with areduction in the peak expira-
tory flow rate. He was not treated on the second day,
however on the third day he was given a table 5 which
relievedthejoint pains. Hewasthenfreeof thesefor another
8to10hours, beforethey recurred. Onthe4thday duringthe
3rd treatment, after two hours at 60 feet, the pains cleared.
They recurred 24 hours later. On review one week later,
there was still discomfort in one knee.

Barotraumarelated PNS (Cranial) lesions

Casesoccasionally present with cranial nervelesions
attributedtoneuropraxis. Thiscanbeduetoeitherimplosive
tissue-damaging effectsduring descent, or rising pressurein
enclosed gas spaces during ascent, or both. The nerve
damage varies greatly, often being transitory but occasion-
alylong-lasting. Thesepresentationsareusually associated
with the symptoms and signs of barotrauma

Inthe cases produced by ascent, theremay beadelay
of many minutes after the dive before symptoms and signs
develop. Thediver may be aware of afeeling of distension
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of the gas space. The relief of this as gas escapes, may
coincide with improvement in the neuropraxis. This sug-
geststhat the cause may be ischaemic, with amiddle ear or
sinus pressure in excess of the mean capillary perfusion
pressure.

Thefifth, or trigeminal, nerve may beinfluenced by
gas pressure changes in the maxillary antrum with sinus
barotrauma. The most common presentationisinvolvement
of the maxillary division, especially the infraorbital nerve,
which traverses the sinus.?® Hypoaesthesia can be demon-
strated for a variable time after the sinus barotrauma inci-
dent. It may involve the cheek, side of nose, lower eydlid,
upper lip, maxillary teeth and gums. It may also be acause
of thepainfrom sinusbarotrauma, referred totheupper teeth
on the same side.

| have found only 4 cases described in the litera-
ture*15262” and 2 cases of my own. Both of thesedid shallow
dives, and the diagnosis was verified radiologicaly. CT
sinus scan is superior to plain X-raysfor this.

The seventh, or facial, nerve may be affected, caus-
ing “facial baroparesis’, asit passes through the middle ear
space. Recorded in both aviators and divers, it is more
frequent following ascent, presents as a unilateral facial
weaknesssimilar to Bell’ spal sy, and tendsto recur if diving
continues. Paralysis of the facial nerve makes frowning
impossible, prevents the eye from closing on that side and
causes drooping of the lower lid (which may result in tears
running down the face, because they do not drain into the
nasolacrimal duct). The cheek is smooth and the mouth
pulled to the opposite side. Whistling becomesimpossible
and food collects between the cheek and gum.

A metallic taste may be noticed at the start of the
illness, as may impaired taste in the anterior part of the
tongue on the sameside, from chordatympani involvement.
Hyperacusismay bedueto paralysisof thestapediusmuscle.

A possiblereasonfor anindividual’ ssusceptibility to
thisdisorder can befoundintheanatomy of thefacial canal.
Thisopensinto the middle ear in some people and so shares
its pathology.

A typical history of middle ear barotraumaisusually
present, with all theconventional provokingfactors. If there
is an ascent barotraumawith adistension of the middle ear,
this can sometimes be relieved by performing a Toynbee
manoeuvre, pressureviatheexternal ear, oxygeninhalation,
decongestants or, if needed, recompression.

Before 1985, 16 cases of 7th nerve paresis from
barotrauma had been reported. Eidsvik and Molvaer2®
described another 5 cases, all developing within 10 minutes
of surfacing. 3 episodes cleared when the middle ear
overpressure was relieved by recompression. | have seen 4
casest, 2 of whom suffered a recurrence, and all were
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associated with middle ear barotrauma.

Eighth nervelesionsarelessfrequently attributed to
DCS nowadays, except for the deep helium and saturation
diving exposures. Certainly, of the many hundreds of cases
of demonstrated inner ear damage seen by us, with high
frequency or total sensory-neural hearing loss and/or ves-
tibular abnormalitiesverified by the el ectronystagmograms
(ENG), most are periphera lesions associated with baro-
trauma. Inner ear DCS casesarewell reviewed by Farmer?,
but central vestibular |esionsdemonstrated by the ENG and/
or abnormal brain stem evoked auditory responses, arerare
enough to be worthy of reporting.

CASE HISTORIES

Case 6

Donald® described the oft quoted case of a very
experienced 38 year old Royal Navy Petty Officer who was
said to have been “very resistant to bends’.

In this instance he was exposed to a pressure of 40
feet (12 m) in the chamber, for up to 2 hours. Five minutes
later he developed severe pain in the upper left premolar
tooth. Donad considered the possibility of a concealed
tooth cavity or atooth abscess. Recompression to 18 feet
(5.5 m) produced instant relief and he was surfaced over 30
minutes. Thepainwaslesssevere, but later increased and an
area of anaesthesia developed over the left upper gum and
teeth, reaching the midline.

The second recompression to 12 pounds per square
inch (psi) produced relief of pain and he was decompressed
at 8 minutes per pound. At 5 poundsthe pain returned. At
0.75 poundsthe anaesthesiareturned. Thiswasfollowed by
aneuralgia, over thewholedistribution of the second branch
of the5thnerve. Tender pointswerenoted over thetemporo-
molar and infra-orbital regions.

The 3rd recompression wasto 13 psi with adecom-
pression at 12 minutes per pound. The patient was then
symptomless and the tenderness had disappeared.

Therewasno past history of ENT infections, trigemi-
nal neuralgia or dental caries. He had previously suffered
sharp dental paininthispremolar when exposed to tempera-
ture extremes, and there was a slight enamel erosion at the
base near the gum.

ThediagnosismadewasDCSdueto abubblelodged
inthe second branch of thetrigeminal nerve, without related
subcutaneous anaesthesia present.

Inthediscussion Donald pointed out the unexpected-
ness of: bubble formation at such a shallow depth; bubble
formation in adiver who was particularly resistant to bends;



194

bubbleformationinasensory nerveand bubbleformationin
asensory ganglion. Hesuggested that if bubbleswereinthe
sensory gangliathis might explain the more typical pain of
other bends symptoms. He commented that the diver did
sing during the original exposure, and as such thismight be
classified as the first reported case of operatic bends. The
position of thebubblewasconsidered aninteresting problem
for neurologists to solve.

It seems that the more likely possibility of sinus
barotrauma, involving the maxillary division of the 5th
cranial nerve, was not considered but dental barotrauma
was.

Case7

A 20 year old male carried out 3 short dives to 6-9
metresand had difficulty inequalising hisleft ear. Hefinally
succeeded, with considerable effort. On ascent he devel-
oped painintheleft ear. Hewasaware of afull sensationin
theleft ear, together with loss of hearing. Puretoneaudiom-
etry revealed aleft hearing loss of 60 db at 6000 Hz and 45
db at 8000 Hz. There was no problem with disorientation
and an ENG was not performed at that time (November
1978).

Heresumed diving and had another almost identical
episode of left middle ear barotrauma of ascent, this time
associated with vertigo and tinnitus, with aflat hearing loss
of 60-90 db between 2000 and 8000 Hz An ENG showed a
right beating nystagmus with eyes closed and increased
when the head was positioned to the left. There was an
absence of the caloric response in the |eft ear.

The provisional diagnosis was|eft middle and inner
ear barotrauma, involving both cochlear and vestibular
systems.

He still continued to divel On 26.12.79 &fter a
shallow divehenoted aseverepainintheleft ear. Helost the
movement of the muscleson theleft side of theface, hiseye
remained open and his mouth was drooping.

The provisional diagnoses were 7th nerve palsy and
inner ear barotrauma, both due to middle ear barotrauma of
ascent.

Non-dsybaric PNS (Spinal) lesions

Diversmay havehypoaesthetic or painful areasinthe
occipital region involving the posterior rami of the C2 and
C3, however in the cases that we have seen it has been
related to a high cervical orthopaedic problem and not to
DCS.

Headache, which can also with with upper cervical
nerve lesions, isdueto cervical spondylosis aggravated by
excessive provocation, and may be confirmed by cervical
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spine X-rays. In these there may be loss of lordotic curva-
ture, narrowing of inter-vertebral spaces, and osteophytosis
inthelatera views. Many diverswho develop thisdisorder
areintheolder age group or have ahistory of head and neck
trauma. They often swim underwater with flexion of the
lower cervical spine (to avoid the tank regulator) and their
upper cervical spinehyper-extended (toview wherethey are
going). This produces C2 and C3 compression and distor-
tion of the cervico-cranial relationships; an unnatural pos-
ture aggravating underlying disease, which may be other-
wise asymptomatic.

L ocal patchesof hypoaesthesiahave been frequently
reported, throughout the diving literature. Nevertheless,
there are occasional cases of misdiagnosis.

Brachial plexuslesions may be related to the use of
standard dress diving equipment, when the weight of the
helmet istaken directly on the supraclavicular region. This
may be from mishandling the helmet or by having inad-
equate or incorrectly placed padding over the area between
the neck and shoulder. Itismorelikely to be caused out of
the water, when the weight is greatest. The standby diver
wasthusmore proneto thisdisorder. Themiddlie and lower
cervical nervesaremorelikely tobeinvolvedi.e. the C5-7,
and thismay beeither temporary or permanent. Minor cases
present with paraesthesiaand numbnessof thelateral aspect
of the arm, forearm, thumb and adjacent fingers. Severe
cases result in both motor and sensory paralysis over the
affected nerve distribution. Rigid shoulder harnesses for
scuba gear can also produce this.

More recently we have seen weight belt or crutch
harness pressure produce meral gia paraesthetica, described
in the diving medical literature some years ago. Scuba
diver’sthigh (meralgia paraesthetica) is neuropraxia of the
lateral femoral cutaneous nerve of the thigh. The nerveis
vulnerable to compression neuropathy by pregnancy, tight
trousers, pelvic tilt, harnesses, low positioned weight belts
and increased physical activity involving the thigh muscles
(e.g. with fin use during diving) . It resultsin a numbness
over the upper thigh, anteriorly and laterally. It usually
clears up in afew months.

CASE HISTORIES

Case8

An abalonediver, whose diving was between 4.5 - 6
m, had repeated boutsof severepain, very localised, over the
right occiput, later with hypoaesthesia. The areafelt tender
and hot and the pain was relieved by an ice pack. He
observed that it developed when he moved his head in a
certain position, while diving. This was when he twisted
down and to the right to collect abalone. A photograph
(Figure 1) demonstrates this provocative position. He was
examined and investigated by a neurologist, who made the
diagnosis of right occipital neuralgia. A local anaesthetic
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injection around the right occipital nerve produced anumb-
ness over the same area, with adiminution of his pain.

He continues abalone diving to shallow depths, with
advice not to hyperextend his cervical spine.

FIGURE 1

PNS lesions due to oxygen toxicity

Oxygen toxicity may produce a variably persistent
bilateral peripheral neuropathy, as may many of the fish
poisons and marine toxins.

Dona d®wheninvestigating oxygentoxicity, showed
that bursts of potentials in the EMG were related to facial
twitching and were unrelated to EEG abnormalities.
Chvostek’ ssigninferred hyperexcitability of thefacial nerve.
Attheselevelsof oxygen (over 3SATA), however, paraesthe-
siawas ararity, conflicting with the earlier observations of
both Bornsteinand the British Navy.

Becker-Freyseng®, described neurol ogical symptoms
of oxygen toxicity in man. With Clamannin 1938-1940in
Berlin, he breathed 100% oxygen at 1 ATA. During the
second day, prickling and numb sensationsin the fingertips
developed. By thethird day this had spread to the feet and
also produced transient painsin theknees. Theparaesthesia
lasted two weeks.

Brue® and Balentine® independently demonstrated
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that animals could avoid death from respiratory oxygen
toxicity by intermittent exposureto 100% oxygenat LATA,
but they then died of a neuromuscular paralysis. The first
histological changes were in the dendritic mitochondriain
the spinal cord, 24-72 hours after exposure.

Recurrent or delayed symptoms from DCS

Gorman et a? showed that the apparent clinical
morbidity amongst a group of DCS divers when they were
discharged (3.4%) was considerably lower than the fre-
guency of abnormalities demonstrated one week later. The
natural history was for complete remission, eventually.
There was a highly significant improvement in clinical
neurological examinations and EEG performed one month
after the treatment compared to those at one week.

Symptomatol ogy, especially neurological and neu-
ropsychological, often continues, devel ops or extends after
the successful treatment of divers with DCS, so that it can
only be picked up aweek or more later. Such symptoms
include

recurrence of the original symptoms, but lesssevere.
minor aches and pains, paraesthesias.

symptomatic (endogenous) depression

neuralgic painsor, uncommonly, “ hysterical” symp-
toms

dysbaric osteonecrosis

A WN PP
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Apart from the first, these symptoms are not im-
proved with recompression or HBO. Thereason for subjec-
tive neurol ogical sensationsintheweeksfollowing therapy,
is conjectural. Peripheral or central neurologica damage
from DCS or even from oxygen, may take time to mend.

Unless it is appreciated that these symptoms do
persist, even after adequate treatment, thereisthe danger of
excessive repeated HBO exposures, exhausting to the pa-
tient and demoralising to all. Some patients currently
receive 8 to 10 treatments for purely subjective symptoms!

For this reason we introduced a criterion of “an
acceptable clinical result” as the reasonable aim of recom-
pressiontherapy, instead of atrue“ cure” whichisnot al that
frequent in the delayed treatment of recreational divers. A
“cure” ismost readily achieved as the diver emerges from
the chamber, and iscommonly maintained only by avoiding
neurological investigations and any follow up!

Symptomsrecurring after flying

Another problem that we have encountered on many
occasionsiswith exposureto altitude following recompres-
siontherapy for DCS. Initially, when peopleflew back tothe
mainland or to their own country, one or two weeks after
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treatment, it wascommon for themto noticegeneral, subjec-
tive neurological symptoms such as numbness and paraes-
thesia, during the flight. Thiswould then result in multiple
recompressions or even saturation treatments.

| have not been impressed with the value of recom-
pression therapy for such delayed and minor aviation in-
duced symptoms. The following causes are as plausible as
the assumed bubble pathology:

1 Mild hypoxia, hypocapnia and respiratory acidosis
(aviation effect) on anirritable or partially demyelinated or
damaged nerve.

2. Anxiety and hyperventilation are common in mildly
agoraphobic personalities during plane travel and are also
caused by an awarenessthat aviation exposure can produce
arecurrence of DCS.

Itisour policy to giveaggressive oxygen recompres-
sion therapy.® To ensure that there are no bubbles | eft, we
follow this with daily oxygen sessions for at least a week
beforeflying. | advise patientsnot to be too concerned with
minor sensations, such as paraesthesia, noticed during avia-
tion exposure but to phone me before consulting with their
local hyperbaric centre, if they wish to avoid unnecessary
recompression therapy. This advice may conflict with
“established wisdom”.

For arecurrence of symptoms during aviation, simi-
lar to those previously experienced and treated, or with
organic signs of DCS, | endorse active and enthusiastic
recompression.
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A BUBBLE MODEL FOR REPETITIVE DIVING

Bruce Wienke

Abstract

Within the critica phase hypothesis in a bubble
model, we have shown that reduced tissue tensions are
necessary for multi-level and multi-day diving (multi-div-
ing). Deeprepetitiveand shallower multi-day exposuresare
affected directly by the model. Within nucleation theory
deeper-than-first dives are also affected. Sets of muilti-
diving fractions, accounting for micronuclei excitation and
regeneration, reduced bubble elimination in repetitive div-
ing and coupled effects on tissue tension, are discussed.
Multi-diving fractions are simple multiplicative factors re-
ducing permissibletissuetensionsusedintablesand decom-
pressionmeters. Thesefactorsrestrict repetitivediving over
short timespans, degper-than-previousand continuousmulti-
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day diving, compared to standard algorithms using a fixed
slow compartment. Within the model, fast compartments,
controlling deeper exposures, are affected the most, and
slower compartments, controlling shallower exposures, are
least affected.

Introduction

Validation of decompression schedulesis centra to
diving and testing of no-stop and saturation schedules, with
requisite analysis,*'° has progressed. Repetitive, multi-
level, deeper-spike, and multi-day diving cannot claim the
same validation, though some programs are breaking new
ground. Application of present modelsin these latter cases
has apparently produced slightly higher bends statisticsthat
in the former ones, as reported in DAN newsletters,” and
discussed at workshops,>® and technical forums. Perceived
problems associated with multi-diving might be addressed
by reducing critical tissuetensions, particularly asthey drive
bubble excitation and growth beyond permissible levelsin
bubble models.1-18

Accordingly a model, called the reduced gradient
bubblemodel® (RGBM), hasbeen devel oped whichreduces
permissibletissuetensionsinrepetitivediving. Theneedfor
this reduction arises from the lessened degree of bubble
elimination over short repetitiveintervals, comparedtolong
surfaceintervals, and theneed toreducebubbleinflationrate
through smaller driving gradients. Deeprepetitiveand spike
exposuresfeel the greatest effects of gradient reduction, but
shallower multi-day activitiesarealso affected. Singledaily
(bounce) dives have long surface intervals to eliminate
bubbleswithinthecritical phasehypothesis, whilerepetitive
diving must contend with shorter interval s, and thusreduced
time for bubble elimination. Theoretically, a reduction in
thebubbleinflationdriving force, namely, thetissuetension,
holdstheinflation ratedown. The concernisbubblegrowth
driven by dissolved gas, and acertain limiting volumefor all
bubbles, called the critical volume, before symptoms de-
velop.

Within the RGBM three reduction factors, address-
ing bubble regeneration, deeper-than-previous excitation of
nuclei, and shorter repetitive time spansfor bubble elimina-
tion, are discussed and applied to some marginal exposures.
First, we consider two repetitive divesto 36 m (120 fsw) for
10 minuteswith a2 hour surfaceinterval, repeated for three
days. Threerepetitivedivesto 36 m(120fsw) for 10 minutes
with 2 hour surfaceintervals, on oneday, isknown to cause
bendsinroughly threeout of four cases, accordingto Leitch
and Barnard,® so the exerciseis not academic. Asasecond
application, the hazardous repetitive profile reported by
Edmonds,®three repetitive dives to 44.5 m (147 fsw) for 5
minutes, with 1 hour surfaceintervals, isalsotreated. Meter
predictions of no-stop limitsare contrasted with predictions
of the RGBM, and the reductions in time limits are quanti-
fied. A brief description of some theory, then the applica-



