Rubicon Research Repository (http://archive.rubicon-foundation.org)

Di scussion of a case
Dr Dries Jones
(Seni or Medical Oficer, SAN Medical Centre, Sinonstown, RSA)

(Reprinted by kind perm ssion of BAROLOG A).

D ver GJE, age 19, perforned acontrol |l ed ascent during histrainingin Septenber
1975. This followed 18 minutes at 21.3 netres (70 feet). Wthin mnutes of
surfaci ng he devel oped an acute headache, pain in the right side of his chest,
partial blindness, and becane unconsci ous. He was inmmedi ately put onto 100%
oxygen and transported to the SANDi vi ng School. On arrival, within 10 m nutes,
he was noted to be disorientated and to have a severe headache.

Therapeutic reconpression was initiated according to Table 62 (Oxygen at 18
metres. Total time 4 hours 45 minutes). Di sorientation, chest pain and
bl i ndness had di sappeared after 5 mi nutes at 18 netres. Pul se 60/ mn, BP 120/
80, ENT: NAD. Fundoscopy nornmal. Respirator system NAD. CNS-absent abdonmi nal
refl exes, hyper activityinpatellarefl exes and hypaest hesi a of thel ower |i nbs.
Severe headache persisted and vomiting started after 30 m nutes.

The headache and vomiting persisted even after 3.5 hours. A bl ood- sugar
eval uati on reveal ed bl ood gl ucose of | ess than 40 mgn?so 20cc of a 50%Dextrose
solution was given intravenously, with i mediate relief of both headache and
vomting. After 4 hours 45 mi nutes he was synptomfree. M| d weakness was felt
inthelegs but could not be denonstrated. Afull clinical exam nation reveal ed
no abnormality. X-ray of the chest was normal. Di agnosis: pul nonary barotraung,
with arterial air enbolismeither aggravated or sinulated by hypogl ycaeni a.

Four hours |l ater the patient suddenly coll apsed with acute headache, becom ng
unconscious with flaccid paral ysis of thelower extremties. He was placed onto
oxygen and taken down to 18 netres. Roused with difficulty, but then
disorientated. Still flaccidparalysisof | ower | egsw thconpl ete sensoryfall-
out bel ow the wai st and absent abdomi nal reflexes. Level of consciousness
i nproved and he coul d nove hislegswithdifficultyafter 1 hour. Onthis occasion
i ntravenous dextrose did not inprove the patient’s condition.

On advice fromthe UK the patient was taken down to a depth of 50 netres for
treat ment according to Tabl e 55, after 2 and a hal f hours at 18 netres breat hi ng
oxygen intermttently. On arrival at 55 nmetres again, conplete paralysis of
legs with pains in | egs and worseni ng headache. Medical treatnent was started
after half an hour at 50 netres:

Dextran 40 ivi —Heparin 5,000 U subcutaneously

Dexamnet hazome 100 ngm 8 hourly

Fur asi mi de 20 mgm i vi

Maxol on 2 cc statim

After 2 hours the patient could stand with difficulty.

After 3 and a half hours synptonms of urine retention, but due to
exposure by all doctors, a catheter couldonly be introduced 2 hours
|ater (at 18 netres).

After 2 hours at 18 netres the pati ent devel oped an acute paininthe right side
of his chest, with paral ysis of bothlegs. The breathi ng m xture was t hen changed
to 100%for 20 mnutes and air for 5 mnutes for the third hour and again for
the sixth and | ast hour of this stop. The synptons cl eared whil st on the first
20 m nutes of oxygen. The sane reginme was foll owed the hour before and after
dept h changes from18- 15, 15-12 and 12-9 nmetres. From9-6 netres t he dept h change
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was made on oxygen for 1 hour. At the 6 and 3 netre stops, air and oxygen for
1 hour stops alternately w thout shorteni ng deconpression (as in Tabl e 54) has
been used due to the seriousness of the synptons.

Seeing that the | ast synptons and/ or si gns were found 24 hours bef ore surfacing,
it cane as quite ashock whenthe patient haddifficultyinwalkingduetowakness
of hip muscles, and to sone extent al so weakness inthe left leg. He also had
sonme sensory fallout intheright legin the segnental distribution of the L4-
S5. However a full neurological examination after 3 nonths revealed no
neur ol ogi cal residuae and the diver was declared fit to dive again.

Di scussi on

1. Di agnosi s
2. Ther apeuti c deconpression: air or oxygen
3. Medi cal Treat nent
4. Advice re diving fitness
5. Preventi on: a) training

b) Di agnosi s of tendency
1. Di agnosi s

The maxi mumno- deconpression divetine at 70 feet (21.3 nmetres) on US air tables
is 50 mnutes, and on RN air tables 40 mnutes. The dive tine in this case was
18 m nutes. Inquestioningthediver after theincident it seenedthat he started
followi ng a smal |l air bubbl e by hol ding his thunb underneath it. As the bubble
expanded on its ascent he adnmitted that he had difficulty in keeping up with
it. It can only be surm sed that he had closed his glottis for the crucial tine
to achi eve a pressure of 90/150mmHg=1, 18-1, 97 nmswt o cause t he over-di st ensi on
to produce |lung damage. There is also the possibility that a nmucus plug, etc
coul d have caused obstruction of one of the smaller bronchi, this causing the
injury, ie. rupture of alveoli with air bubbl es bei ng sucked i nto t he pul nonary
veins and so being distributed to the systemc circul ation, causing arterial
air enbolism The di agnosis this seens to be pul nonary barotraumawith arteri al
air enbolism causing cerebral and spinal cord enboli.

According to Spencer (1976) any excess inert gas stressed the nucl eation sites
wher e bubbl es are formed. One can thus assune that the introduction of air from
t he pul nonary bed may have caused these nucleation sites to grow and rupture
causi ng secondary bubbl es, dependi ng on howcriticallythey were stressed before
the tine.

The concept of bubbl e/blood interface effects causing protein denaturation,

formation of lipid enboli, red-blood cell sludging in mcro-vessels, platelet

aggregation and activation of both coagul ati on and fibrinic systens has becone
wi dely accepted. So the initial release of small quantities of gas froma few
over-di stended alveoli may be the trigger for severe and life-threatening
synpt ons devel opi ng.

2. Ther apeuti c Deconpression Air or Oxygen

The treatnent of pul nonary barotraunma with air enbolismhas enpirically been
on conpressed air at 50 netres. The argunent is: at 50 netres (6 ATA) there
wi Il be a reduction in bubble dianmeter as volunme is reduced to one sixth, and
this will allow the bubble to pass through the capillary to the lungs, or to
a point | ower down, where it woul d cause few synptons. This argunent is based
on spherical bubbles. Accordingto Buckles (1968) the intravenous bubbl es have
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alength-to-diameter ratio varying froml-1to 1-30. Bubbl e di aneter reduction
seens to be beneficial only under certain circunmstances. For this possibly
beneficial effect it was proposed by Wal der (1967) and the Bureau of Medicine
and Surgery Instruction (1976) to take divers with [ow inert gas |evels down
to 50 metres for a short tine and then bring themback to 18 netres to conplete
one of the therapeutic oxygen schedul es.

The beneficial effects of oxygen at 3 ATA as conpared to air at 6 ATA are:

a. To keepthe partial pressure of nitrogenas|owas possible, tomninse
any cont ri buti on whi ch absor pti on of nitrogenduringthereconpression
itself may make to the recurrence of the |esion.

b. St udi es by Wman and Van Liewindicated that the lifetinme of a bubble
shoul d not vary appreciably with pressures in excess of 3 ATA

C. The bubble reduction of an oxygen breathing patient is 4-5 tines
greater than with air breathing at 3 ATA

d. The gas tensi on gradi ent frombubble to tissueis maintainedoptimlly
t hr oughout reconpression, therefore unlikely to permt bubble growth
wi th re-occurrence of synptons.

e. Oxygen breathing at increased pressure is specific treatnent for
adequat e oxygenati on of hypoxi c ti ssue, preventing further oedemaw th
an increased hypoxic area.

f. It has further been shown that oxygen at 3 ATAis a specific treatnment
for cerebral oedema (Thi ede and Mahl ey 1976).

One incident in which the use of oxygen tabl es seens to be contra-indicated is
after | ong deep air dives where the ti ssue pp of Np woul d be such that a pressure
of 3 ATA would not arrest bubble grow h.

The recurrence of synptons in this case could have been attributed to:

1. The presence of bl ood/gas interface action with haenoconcentrati on,
red cell aggregation, increased clotting tendencies wi th devel opnent
of dissem nated intravascul ar coagul ati on.

2. I nadequat e tine under pressure

a. Wor kman hi nsel f advocated the |engthening of the Table 62 by
adding an extra 5 minutes air and 20 m nutes on oxygen at 18
nmetres, an extra 15 m nutes air, 60 m nutes oxygen at the 9 netre
stop, or to include both, in slow responding patients.

b. Per haps i f Tabl e 54 or 55 had been fol | owed, there mi ght have been
no | apse.

3. Medi cal Treat nent

Thi s shoul d al ways be supportive totherapeutic deconpression and shoul d be used
al one only when no reconpression facilities are available. There is, however,
more and nore evidence that in all cases of acute deconpression sickness
concurrent nedical treatnment is mandatory (Elliot 1974 COVEX Medi cal Handbook;
Boor man 1968 et al). Medication as nentioned has been advocat ed for many years
not only for deconpression accidents but al so as treatnment of cerebral oedena.
Heparin seens to be nore effective in snall er doses, ie. 2000 Ugiven as a bol us
i ntravenously, 6 hourly. The dose of dexanethazone seenms to have been
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unnecessarily high: after an initial dose of 100 ng, 8 ng 8 hourly seens to
be sufficient. Steroids used in conjunction with hyperbaric oxygen have been
reported to increase the |likelihood of CNStoxicity. The use of D azepampri or
tothe start of deconpression shoul d overcone this problem d ucose 50% apart
fromthe val ue of its use in hypogl ycaem a, has a direct effect in the reduction
of intracranial pressure. Unfortunately arebound phenonenon occurs duetoits
rapi d met abol i sm this causing hypo-osnmolarity with subsequent i ncreaseinbrain
wat er. \WWen used for hypogl ycaem a it should be given in saline. The question
ari ses whet her our use of 50% Dextrose had well given the initial relief of
synptons by its effect on the brain oederma, but caused a rel apse t hrough causi ng
brai n oedenma afterwards.

4. Advi ce regarding diving fitness after a deconpression incident.

a. It has been shown by Elliot and ot her researchers that changes in the
bl ood conpositiontake upto 10 days before returningto normal | evels.
It thus seens wise to prohibit diving during this period.

b. I f any neurol ogi cal residue persists after 6 nonths the diver should
be advised to stop diving altogether, due to an increased suscepti -
bility to future damage by an al ready hanpered nervous system

5. Preventi on of acci dents.

a. Training in all emergency procedures in diving shoul d be perforned so
regularly and so strictly that it becones a second nature.

b. Di agnosi s of energency procedures shoul d be the first priority of the
exam ni ng MO, The Doppl er systemusi ng ul trasound to pi ck up bubbl es
after supposedly safe dives could in the future provide help in
di scovering, for exclusion, bends-prone divers.
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