DECOMPRESSION SICKNESS AND AIR
EMBOLISM CASE REPORTS

lan Unsworth

Thefirst patient isnot adiver. Shewasa52 year old lady,
of 51 kilos, who was admitted for the excision of alarge
solitary secondary rumour in the posterior quadrant, from
anun-differentiated large cell carcinomain the apex of the
left upper lobe. She had presented with cerebellar ataxia.
Diagnostic bronchoscopy and CAT scan had been done,
which showed what the problem was. She was admitted
forasittingposterior fossaexploration. Thepre-medication
and induction of the anaesthetic was quite standard. She
was monitored after she had been positioned head up on
thetable, with an arterial line, aright atrial catheter and an
end-tidal CO, monitor. Induction occurred at 11.30. One
hour 30 minutesafter inductionair washeard to beinduced
into the venous system, in the posterior fossa. The end
expired CO2 fell from 2% to 1%. The blood pressurefell
transiently to 60 mmmercury, fromavery steady 150. The
nitrous oxide was turned off. Halothane in 100% oxygen
wasturned on. A Valsalvawas applied and about 30 mls
of air wasaspirated fromtheright atrial catheter. Peripheral
vasoconstrictorswere used and alarge volume of fluids. |
was not anaesthetising this patient, sothisstory isfromthe
anaesthetist concerned.

Full recovery to the status quo wasfairly quickly assumed
and the operation proceeded. A further 28 minutes | ater,
the air was again heard to be bubbling and hissing into the
venous system in the posterior fossa. The end-tidal CO2
was observed to fall by one half percent to 1.5%. There
was not an alteration in the blood pressure, and no further
air was aspirated from theright atrial catheter. On neither
occasion was there any cardiac arrhythmias. The patient
left the operating theatre, with the excision completed, at
14.20.

| happened to be near the recovery ward shortly after that,
and | overheard a conversation about two episodes of air
embolism in the theatre, so | was rather interested, The
recovery room people said, “You might be interested in
thiscase, perhapsyou could advise us. What do you think
we ought to do?’ So | asked “What is the patient like?’
They replied “We have given her 0.8 mg of naloxone
because we wanted to see what shewaslike as she has not
completely recovered from the anaesthetic and isnot very
well. She has a dense triplegia and she has not got much
movement in her fourth limb either.”

The neurosurgeon was consulted and he agreed that
hyperbaric oxygen might help the patient. Shewasgiven
Decadron 60 mg intravenously.

| was at the hyperbaric unit to receive thislady, and | was
absolutely amazed. She was fully conscious, she had no
evidence of cerebral involvement whatever, no crania
nerve involvement, her speech was perfect, she had full
appreciation of the situation. Shewasacharming lady. |

15

was able to explain to her in simple layman’ s terms what
wasgoingto happentoher. Shesaidthat it wasfineby her,
so there was certainly no apparent cerebral involvement.
However, she had no movement in either of her legs, and
she had no movement of any part of her left arm, and she
could only just move the right hand, and wriggle the
fingers very dlightly. Sensation was apparently normal.

We put her into the chamber some two hours after the
termination of the operation. There was some discussion
about going deep. | did not. | took her only to 60 feet. |
do not take patients off oxygen. | do not give air breaks,
exceptinthevery longtreatmentsasin Table6. Itisuseful
to have the patient off the mask occasionaly to have a
drink. Itasoallowsproper conversationwiththeattendant.
| seldom have more than two breaksin four hours. | feel
that if you interrupt the oxygen with air then you will get
less effective nitrogen removal. She had 120 minutes on
oxygen at 60 feet. She had intravenous dextran 70, at 125
ml per hour. We decided that Decadron 60 mg 8 hourly
might be satisfactory.

Following the first session we found that the only
improvement wasthat there was some slight movement in
her rightleg. Nomorethanthat. Everything el seremained
aswas. Sowewere not all that optimistic. We put her in
thechamber next morning, 14 hoursafter thefirst treatment.
Shehad the same 60 feet, 120 minutetreatment. After that
treatment, we could move her right arm and her right leg
on command. | wondered about treating her again. But
before | could get around to giving her athird treatment,
sheimproved in an almost miraculousway. Sheregained
all limbmovements. Shecould moveall thesmall muscles
of the hands and feet. The day after that not only was she
sitting out of bed, but she was able to walk with support.
Certainly there was no-one more impressed than the
neurosurgeon, who had been talking to the rel atives about
unfortunate spinal damage, and this sort of thing.

| would like to hypothesise that air entrainment probably
occurred during thesecond episodeand that theentrainment
wasinto the vertebral venous plexus, up inthe brain stem,
and that it crept down and affected the cord. Asyou how,
Fred Bove has done some el egant work with David Elliott
and John Hallenbeck many years ago, on the influence of
air, admittedly air released during decompression, in the
aetiology of spinal decompression sickness. What this
lady may well have suffered fromwasair entrainment into
the venous plexus of the cord, or the brain stem, without
any cerebral involvement at all. If you do get air into the
venous plexus, of course this will result in a brain stem
infarct.

Atthe1980 Scientific M eeting, John Miller madethepoint
that these cerebral and spinal problems, following
neurological procedures or open heart surgery, are often
apparently refractive to treatment. You treat them for
perhaps 24 hours to 36 hours without success and then
improvement occurs. Thislady we treated within 2 hours
or 2 1/2 hours of entrainment, but still she did not come
good on the first treatment.



16

The next patient was afit 21 year old male, asportsdiver.
Hisdiving history wasoneyear’ sexperienceof diving. He
had full equipment, including a watch, depth gauge,
buoyancy compensator, so hewasquitewell equipped. He
had even had a diving medical, from myself as it so
happened, the year before. He and three friends decided
that they would diveoff theheadsin aspot knowntobe 170
feet or morein depth. Just beforethey got tothedivesite,
they all ingested very large amounts of Seconal. Theidea
being that this would be an extra “hit” and the “narcs’
would really send them. It did.

Onthebottom, after an undetermined time, the patient lost
consciousness. He was dragged up by his mates, and
dragged backwardintotheboat. They returnedtotheshore
and this boy was taken to the flat of one of hismates. He
remained unconscious for 48 hours. His“mates’ thought
that hewassleeping off hisdrugs. Whenheawoke, hewas,
to say the least, befuddled. He had paraesthesiae in both
legs. He had profound weakness in both legs. He was
ataxic. Apparently there was no visual disturbance. His
matesdecided that they could not ook after himany longer
andthey dumped himincasualty. Oneof themstayedlong
enough to give about 30 seconds of history to the nursein
casualty. Then they just beetled off into the night.

So | collected this boy, who spoke very slowly and in a
particularly drugged fashion. He was feeling a profound
muscle weakness in his legs, paraesthesiae in his legs,
severelower back pain, and paraesthesiainthepalm of his
lefthand. Reflexeswereincreasedinbothlegs. Interestingly
the plantar responsewasdown. Hereally hadto betreated
as a spinal decompression sickness. He was given
intravenous dextran 40, half alitrein four hours. We had
no history of any bladder problems. He did not produce
any urine, so perhapshehad madeno urineat all inthelast
48to60hours. Hecertainly wasrather dehydrated. Hehad
dextran and other fluids, but we did not give him steroids.
Hewasgiven table 6, thefour hour haul, with avery good
result. Hedidtakealittletimetorespond, but oncehedid,
all functionreturned quitewell. By theend of thetreatment
timehewasapproximately 99% whichwasvery fortunate.

Y ou might think that was the end of the story. He was
thinking that it was. But he developed areduced air entry
and breath sounds at theright base. X-raysshowed that he
probably had alower [obe pneumonia. Hehad afever and
purulent sputum. Thiscleared up with physiotherapy and
antibiotics and it was probably due to lying immobile for
48 hours.

Our drug screen on his urine showed barbiturates,
phenobarb, paracetamol, codeine, so he had agood run of
thedrugs. Hispast history showed that three years before
he went diving, he had been admitted to Prince Henry
Hospital suffering from fits secondary to barbiturate
withdrawal. He had been on various drugs at that time,
including barbiturates, for insomnia. His friends used
heroin. A year later, in 1980, he was admitted to Prince
Henry again with an overdose of Seconal, and admitted at
that time the occasional use of marijuana and heroin
sniffing.

We had a happy ending to an unhappy boy. What isthe
moral here? | believethat this could well bethetip of the
iceberg. We have got to admit that there are an unknown
number of divers who dive for kicks. We have also to
admit that there might well be anumber of diverswho are
on drugs or use drugs, or combinethe two. | believe that
we have to be firmer. It is difficult how in fact one can
screen out addicts, because he did not admit to any drug
takingat all when| saw himfor hismedical. Thisof course
iswhat drug addicts are going to do.

We haveto educate diversthat it isfoolhardy to use drugs
and then dive. | have written in the Medical Journal of
Australiathat | consider if adiver dies after taking drugs
such asnarcotics, sedativesor psychotrophicsitissuicide,
andif hisbuddy diesthenitismurder. Perhapswehaveto
be more careful in assessing our cases of decompression
sickness. | wonder whether we should do urine screens
routinely onall casesof all typesof decompressionsickness
and air embolism.

Dr David Brownbill

Fred Bove spoke earlier about the two basic causes of
oedema. We ought to extend that to the central nervous
system, to both the brain and spinal cord. Steroids for
examplemay well prevent new oedemaformation, but will
not magically reverse oedema that has already occurred.
In the case that lan Unsworth has described, damage had
already occurred. There was central nervous system
dysfunction, so that was cell damage. In this case, the
patientimproved after 24 to 36 hoursand onemay postul ate
that oedema had settled down in that time.

This does bring up one point that | would like to make.
When people have central nervous system dysfunction
either the spinal cord or the brain, where cerebral oedema
is a problem, whether it is due to being hit with a 10Ib
sledge hammer, a stroke, a cerebral metastasis or
decompression sickness, the one thing that can do untold
harm is the well-meaning bolus of fluid. | appreciate the
problemindecompressionsicknessasagenera proposition,
that you must keep up thefluidto prevent dehydration. But
if there is central nervous system involvement, | would
very strongly recommend not to over hydrate.
Overhydration may well push the patient into a worse
situation.

Dr Fred Bove

This problem of rehydration is always a difficult one to
deal with. If the circulation is unstable you have got to
rehydrate to get the stable circulation. | think that isthe
first indication for the need for rehydration. If you had a
hypovolaemic shock type of syndrome, youwould haveto
get that blood volume back up to where it belongs. One
must restore normal circulation instead of worrying about
thecentral nervoussystem or thelungsfor that matter. The
approach that | have always taken is to treat where the
problem is most acute and deal with that first. If thereis



circulatory instability thenyouneedtotreat withfluids. So
go ahead and do it. But be ready to deal with possible
complications. Y ou have got to take care of onething at a
time.

If the patient is stable and has a normal haematocrit and
you are concerned about cerebral oedema, | agree, we
ought to hold back on the fluids as much as possible. But
one must maintain an appropriate amount of rehydration
so that the patient does not suffer from deprivation of
fluids.

Dr lan Unsworth

We all know about the conflict of interest in the intensive
care unit between the neurosurgeon who comesin, looks
at the patient and saysto leave him for half aday and goes
away. And thentheintensivist comesaong and saysthat
those kidneys will never stand that dehydration. Usually
there is some sort of compromise, to preserve both the
brain and the kidneys.

A CASE OF PULMONARY BAROTRAUMA IN AN
ASTHMATIC DIVER

David Clinton-Baker

| amageneral practitioner fromWangara inNew Zealand.
Last month | was called to the evacuation of atwenty year
old, anasthmatic, who sufferedfrom pulmonary barotrauma
withair embolism. Thestory followson quite nicely from
the comments about cerebral oedema.

Itwashisfirst deep water dive, thefirst diveof theday. He
spent about eight minutes at 100 feet, seven minutes at 80
feet, and then about fifteen minutes getting up to 50 feet,
from where he was seen to make a more rapid than usual
ascent to the surface by histwo buddies. | have spoken to
the patient about thissince. He saysthat at 50 feet he had
abursting sensationinhischest. Heal sodescribesburping
up air. He remembers getting back to the surface. He
remembers, just, getting to the stern of the boat. He
remembers nothing after that.

Hewaspulled semi-consciousinto theboat, and hewasnot
breathing. CPR wasingtituted. The boat took somethree
hours to reach the coast. On the journey he breathed
oxygen enriched air. During thistime he had four grand
mal fits. | first saw him at the coast when he was semi-
conscious. When | asked him his name he responded.
Very soon after that, he had another grand mal fit.
Examinationwasunremarkable. Hisreflexeswerenormal
and there were no neurological deficitsat all.

We evacuated him to Auckland, which was an ambulance
drive of another three hours. Therewasatotal lapse of six
hours from the time of the accident to when he was
received at the chamber in Auckland.
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Assoonasl| saw him| started adextrosesalineinfusionand
gave him 10 mg of Valium IV. During evacuation to
Auckland, hehad threemoregrand mal fits, and for thelast
hour of the evacuation was fitting continualy, initialy
generalised, but towards the end with focal right sided
fitting involving theright arm. He was received by Tony
Slark at the RNZN Hospital at Devonport. Wetried to X-
ray his chest but due to the fitting this chest X-ray left
something to be desired. However we were almost 100%
surethat there was no pneumothorax. Hewas put into the
chamber. Hewastaken initially to 60 feet on intermittent
oxygen. He appeared to be very sensitive to oxygen and
did not really respond. So we took him down to 165 feet
onair. Hespent atotal of sixteen hoursinthechamber, and
was then transferred over to the Department of Critical
Care at Auckland Hospital. During the evacuation from
the coast to the chamber, | gave him atotal of 880 mg of
diazapan and Tony gave him afurther 60 mg of diazapan
with virtually no effect on the fitting.

In the Department of Critical Care at Auckland Hospital,
shortly after hisarrival, he devel oped extensor spasmsand
it was decided to ventilate him to aPCO2 of 30to 35. His
circulation later became unstable requiring infusions of
Stabilized Plasma Sol ution and L actated Ringers Solution
for maintenance of hisleft atrial pressure, later supported
by dopamineand dobutamine. Onthisregimehestabilized
after aseptic episode requiring ampicillin, cloxacillin and
tobramycin for control. Sedation was continued with
phenobarbitone. An early EEG was reported as Grade 3.
On thefifth day he was breathing spontaneously and over
the ensuing seven days he improved. He was left with a
residual right hemi-paresis, which affected his right arm
more than his right leg. Over the last three days of his
admission herapidly improved, withincreasing power and
co-ordination of hisright arm. He was discharged home
after fourteen days. He had to be re-admitted a fortnight
later with further grand mal fits. He was then put onto
prophylactic dilantin. When | spoke to him about a
fortnight ago, he till had some residual weakness of the
right arm, but was improving.

A brief outlineof hisasthmatic history and how hemanaged
togetintothediving course. Hedeveloped awheeze aged
eight. Inhisearly teensherequired continuouspredni sone,
10 mgs a day, as well as inhaled ventolin and several
intramuscular injections of adrenaline, but no hospital
admissionsfor hisasthma. Thefiveyearsor so beforethis
diving accident, his asthma had been quite good, only
requiring occasional ventolin and nightly inhaled
beclomethasone. Hewent to hisuniversity club about four
months ago, asking to be accepted into the diving course.
He was referred to hislocal hospital, which is the largest
inNew Zealand. Hewasinvestigated by aphysicianthere,
which involved three hours of interrogation, examination
andinvestigationsand wastold that hewouldbefit todive.

He then went into the diving course, and the dive | have
detailed was hisfirst deep water dive.

During the evacuation by ambulance | was giving him
fluids, | could not see him improving, so | stopped the



