BRI EF NOTES ON 16 CASES TREATED AT THE UN VERSI TY OF M CH GAN HYPERBARI C UNI T
Prof essor Martin J Nemroff

In M chigan we average 3 to 5 Scuba di vi ng deat hs a year and many non-fatal accidents
are reported, often by hearsay rather than by witten reports. The foll ow ng cases
present ed at our chanber for treatnent over atwo year period. | will briefly outline
t he ci rcunstances and nmy own i nterpretations, based on avail abl e i nformati on. There
were 7 cases of Air Enbolismand 7 of deconpression sickness anong t hese non-f at al
di ving incidents.

A Air Enbolismand Pul nonary Barotraunma

CASE 1 46 year old male making a controlled free-ascent in a quarry at the correct
speed, with an instructor in attendance. He was a 3 pack-a-day snoker and had
bronchitis. He suffered pul nonary barotraunma with subcutaneous enphysena. No
treatment was required beyond a period of observation.

CASE 2 46 year old male, surfacing correctly from80 feet in a |large | ake, becane
suddenl y paral ysed and had | oss of vision. He was treated 6 hours |l ater with conpl ete
recovery. He had a repeat experience one year later, with the same synptons. This
suggests either a small ischaemic areainthe brain or arepeat air enbolism Second
treatnent al so was successful.

CASE 3 27 year ol d man suffered chest pai n and obtundati on after making a struggling
ascent from15 feet in a swanp. He did not exhal e whil e being haul ed to the surface,
it was stated. Chanber treatnment was successful.

CASE 4 31 year old mal e perform ng ditch-and-don manoeuvre in a pool. He suddenly
surfaced with subsequent pupil dilatation and taxia. Treatnent in the hyperbaric
chanber was successful.

CASE 5 32 year old mal e was doing a “NAUl -bailout”. This involves junping into a
pool with all equi prent inone’s arns and donning it underwater. He devel oped extrene
headache and decreased vi sual acuity. The provisional diagnosis was of air enbolism
but subsequently |I felt that he had suffered a sphenoi dal sinus squeeze. Synptons
resol ved when he was pressurised.

CASE 6 This 15 year ol d scuba student reported substernal chest pain and dyspnoea
followi ng a pool scuba |esson. Chest X-Ray reveal ed pneuno nediastinum  This
resol ved wi t hout necessity for treatment. The di agnosi s was nmade not by the primary
physi cian but by the later X-ray.

CASE 7 This 27 year ol d advanced scuba student, practici ng buoyant energency ascents
whi | e buddy breathing, had an epi sode of panic and separated from his buddy. He
ascended rapi dly wi thout exhal i ng. Subsequently, severe headache, substernal chest
pai n and shortness of breath occurred. He presented 5 days later, inproved. No
treatment was then required. The inpression was gained that this quarry diving
i nci dent had caused a cerebral air enbolismin association with pneuno nmedi asti num
and a m ni mal pneunot hor ax.

CASE 8 This 27 year ol d mal e was an advanced di ver practicing free ascents in a |l ake.
Onthe first attenpt from60 feet he surfaced exhal i ng but on t he surface he convul sed
and becane comat ose. He had fixed dil ated pupils on adm ssion and suffered cardi ac
and respiratory arrest on arrival. He had been betting beers on who could surface
wi th | east speed and | east “popping out of the water”. He lost! He was pressurised
1.5 hours | ater and had an excel | ent recovery. He had suffered cerebral air enbolism
pneuno- medi asti num bil at eral pneunot hor aces and subcut aneous enphysema. | ncidentally,
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he was a 1-1.5 pack per day snoker with a chronic 2 year productive cough

CASE 9 This boy of 18 took “PCP" (a horse tranquilliser), put on a scuba tank and
made a solo dive in a 110 feet deep | ake. He exited the water on the opposite side,
fell off the dock backwards and plunged into the water. On recovery he had unequa
pupi |l s, nystagnmus, and refl ex asymretry i n knee-jerk testing. Recovery was conpl ete
after reconpression (which was very eventful). Diagnosis was not cl ear since “PCP
causes nany of the sanme synptons and signs as observed here.

B. Deconpr essi on Si ckness Cases

CASE 10 This 31 year old weck diver did not foll ow deconpression tables on two
successive dives to 150 feet for 20 minutes. He thought that breathing oxygen on
the surface was enough protection. Spinal cord deconpression illness resulted
recovery was conplete after reconpression and three nonths of physical therapy.

CASE 11 This 26 year ol d femal e di ver made successi ve deconpr essi on di ves on a w eck.
Al t hough she foll owed the tables religiously she was maxi nal |y exerting hersel f and
the US Navy Tabl es are designed for nales at internediate | evel s of exercise. She
sufferedwist pains (inapreviouslyinjuredijoint) and progressedto shoul der pai ns.
Recurrence of synptons during “ascent” in the chanber necessitated an extension of
treat nent.

CASES 12 AND 13 were two weck divers with joint pains on surfacing from110 feet.
The first diver had spent 20 minutes at this depth on each of two dives.

CASE 14 Cai sson worker, aged 35, presented with pain after working a doubl e shift
and then decanting out w thout deconpression

CASE 15 This 31 year ol d weck diver ran out of air and did a buddy breat hi ng ascent
to 60 feet, then a free ascent to the surface. This followed a 20 mi nutes bottom
tinme. He devel oped paresthesias and nunbness of both arnms which cleared on
reconpressi on therapy.

CASE 16 A “hard-hat” diver devel oped severe pul nonary synptons and el bow pai n after
surfacing from2110 feet following a bottomtinme of 70 mi nutes. He had severe skin

joint and cardiovascular synptons which required reconpression and extrene
supportive neasures.

In summary, these cases are of diverse aetiol ogy and probably represent only about
one quarter of the cases that occur. The follow ng conments are offered:

a. I nexperience or | ack of training, including poor judgenent, is afactor despite
all these divers being certified.

b. Poor physical health may be present, eg. heavy snoking and chronic bronchitis
was noted in two cases.

C. In one case a fenale followed a dive profile not suitable for females.
d. Drug intoxication with “PCP”. Many had al cohol within the precedi ng 24 hours.

e. Open water “free ascents” are inherently dangerous.
Qur divers diveindeep, poorlyilluninated, col dwaters. Excessive cigarette snoking

al cohol and drug intoxication are serious problens and further reduce the safety
mar gi n.
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CLI Nl CAL EXPERI ENCE W TH A SI NGLE PATI ENT HYPERBARI C CHAMBER
Gavi n R Dawson, DA, FFARCS, FFARACS *

Thi s paper sunmarizes practical experiences with the first 100 cases treated in a
singl e patient Hyperbaric Chanber at Prince Henry’'s Hospital, Mel bourne.

The Unit, generously donated by the WIliamDuchl and Foundati onin 1960, is a Vickers
RHS/ 3 Radi ot herapy System which utilizes a high flow oxygen supply with no
recircul ation.

The chanber is 7 feet in length with an internal dianeter of two feet. The walls
are doubl e | ayered net hyl met hacrylate with an interface of air. Oxygen flowrates
vary between 250 and 400 litres per mnute.

Advant ages of this single Unit are:

1. Rel atively Cheap I nstallation. The Unit is located in a small roomat the
far end of a general surgical ward.

2. Low running costs. Oxygen is taken from the Hospital’s Liquid Oxygen
supply. At the current rate of $12.30 for 100 cubic netres, 2 hours of
t herapy costs no nore than $4. 30.

3. The whol e body is visible and i nmersed wi th oxygen. The patient does not
have to endure the disconfort of a mask and it is ensured that the highest
concentration of oxygen is inhaled at all tinmes.

4. M nimal risks to attendants. There are no probl ens with nedical attendants
enduring the effects of pressure or nitrogen within the Unit.

Pati ent Confort

Practical problens of patient therapy involve - apprehension, boredom and sheer
cl austrophobia. Light sedation is often admnistered for the first treatnment but
simply psychol ogy of explanation and reassurance is nore effective. Boredomis
relieved by a radio transmitted through the chanber intercom circuit and
cl austrophobia is a nmore difficult probleminvolving tact and strong persuasive
powers.

COVPLI CATI ONS

1. Effects on the Ears

Ear disconfort is reduced by slow pressurisation and Val sal va manouvers performed
by the patient. No myringotom es are undertaken and severe aural dysbarismis
relieved by suddenly dropping the chanber pressure 1 p.s.i. followed by slow re-
pressurisation.

2. Convul sions

Two convul sions due to oxygen toxicity are reported in our series. Both occurred
at the unnessicarily pressure of 3 Atnospheres Absolute. It is nowour practiceto
treat at 2.5 A.T. A and no problenms have occurred at this pressure.

3. Lung conplications

Pul nonary ef fects fromhi gh oxygen tensi ons have not been evi dent but is has recently
been deci ded to use 5 m nute ai r breaks every 25 m nut es on oxygen, particul arly duirng
prol onged therapy.

Deep breathing is encouraged, follow ng renoval of the patient to the normal air
environnment. This practice tends to prevent the onset of atelectasis.
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4. Ri sk of Fire
O all the possible problens, fire in an oxygen environnent is the single itemthat
woul d have tragi c consequences. The late 1960’ s were beset by fires i n space-craft,
firesinresearchunits and fires inclinical Hyperbaric Units. W were obsessional
in follow ng these precautions in elimnating all possible sources of ignition:-
1. No electrical circuits
2. No heati ng
3. No static

We therefore increased hunmidity and did not allowthe patient to wear any synthetic
cl ot hi ng what soever. Pure cotton theatre garnents were the usual apparel.

PATI ENTS TREATED

1. | schaem ¢ Linb Di sease 44
2. Speci fic Wund Infection 22
3. Gas Gangrene 14
4. Joi nt Bends 6
5. Car bon Monoxi de Poi soni ng 4
6. Air Enbolism 1
7. M scel | aneous _9

100

Inour first one hundred cases we treated 44 i schaem c conditions, 22 specific wound
infections, 14 cases of true gas gangrene, and 6 cases of joint bends, 4 cases of
carbon nmonoxi de poisoning with 1 of air enbolism concluding the main series.

VASCULAR CONDI TI ONS

1. At her o-scl erosi s 15
2. Vasospasti c 12
3. Post Operative |schaem a 12
4. Cccl usi ve 5

44

The hi gh nunber of i schaenmiclinbstreatedresulted fromthe activities andinterests
of the vascul ar surgeons at our hospital. The therapy was of dubi ous val uein chronic
i schaemic |inmb disease but often of diagnostic help in delineating an ischaemc
boundary. Inproved results were seen when comnbi ni ng t he oxygen wit h oral L] bl ocki ng
agents.

Surprisingly several patients with vasospastic di sease involving the fingers did
particularly well. Sudden dramatic relief of the spasmoccurred either during or
several hours after therapy.

A patient with Raynauds di sease showed considerable inprovenent follow ng one
treat nent session.
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Wiund I nfections - Gas Gangrene

The 22 speci fi c wound i nfection were nmai nly post operative; where clostridial wel chii
had been isol ated or gas gangrene suspected. These progressed well and none went
on to devel op a toxi c gas gangrene picture. It is of course i npossible to ascertain
whet her oxygen any hel p since broad spectrumanti-biotic cover was adnministered in
each patient.

O all conditions treated none has been so satisfying, curative and |ife saving as
the application of hyperbaric oxygen in gas gangrene. W totally agree with this
statenment obtai ned froma surgical coll eague at the Royal Mel bourne Hospital - “The
treatnent of clostridial gas gangrene with Hyperbaric Oxygen t herapy has been a gi ant
a step forward in the treatnent of this disease as was penicillin in the treatnent
of pneunoni a”.

All 14 patients in our series were toxic and exhibited clinical evidence of gas,
crepitus, and wound di scol ouration. Seven had gangrene of a bel ow knee anput ati on
stunmp foll owi ng surgery for peripheral vascul ar di sease; 2 of these were di abetics.
Sel f contami nation of the stunp fromthe rectumwas the |ikely source of infection.
Si x patients devel oped gas gangrene of the linbs follow ngtrauna; conpound fractures
of the leg after notor cycle accidents were a conmon cause. (Gas gangrene of the
abdomi nal wall occurred in two patients with col ostonies.

Al cases were treated at the follow ng regine: -

1. Oxygen - at 2.5 ATA - 2 sessions daily, therapy continuing for up to 5 days.
2. Penicillin - approximately 24 Mega Units per day.

3. Surgi cal Debridenment and Suture Renpval - when necessary.

There were three deaths in the series, one foll owed severe abdoni nal trauna, anot her
died with extensive secondary carcinona and an 84 year old died five hours after
surgi cal debridenent.

It was interesting to observe that patients who were confused and apat hetic before
treatnent becane alert and co-operative in the high pressure oxygen environment.

| mproverent inthe systemconditionwas often apparent followingthe first treatnent.

There is no question that we totally agree with other workers in the field that
Hyperbaric Oxygen in life and linb saving - an essential tool in the treatnent of
gas gangrene. Furthernore it may reduce the need for extensive nmutilating surgery.
Intheory it converts a favourabl e environment for t he anaerobes i nt o an unfavour abl e
one. | schaenic tissues becone oxygenated, toxin production is inhibited and
penicillin activity is aided.

POSSI BLE | NHI Bl TORY ACTI ONS OF HYPERBARI C OXYGEN

d. Wlchii ———— beta Toxin > System Effects
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COWPLI CATI ONS CF DI VI NG

An interesting group of patients treated were divers with joint pains. Four of the
si x wer e pr of essi onal Abal one Di vers. This group presented wi th severe shoul der pain
associ ated with sone restriction of novenent. No other clinical signs were present.

Reconpr essi on therapy foll owi ng Tabl e 6Aor 6Bresultedinafull cureinall cases.
W now feel it is desirable to intersperse 5 ninute air breaks every 20 ninutes,
particul arly when using the |onger reconpression table, ie. Table 6B

Fol l owi ng treatment the patients are returned to the ward on oxygen. This practice
tends to decrease the incidence of “niggles” in the next few days which is due to
t he ni trogen re-expandi ng the ori gi nal bubble. W allowthemhone the foll ow ng day,
and they are told not to dive for at |east one week - preferably two.

CARBON MONOXI DE PO SONI NG

Only 4 cases of carbon nonoxi de poi soni ng have beentreated. CQur | owfi gures conpared
wi th those fromSydney are likely to be due to the natural gas supply in Mel bourne.
Car bon nonoxi de however, is not a fashionable form of poisoning today.

Al'l our cases were suicidal rather than accidental and all used a pipe fromthe car
exhaust as a source of i nhal ation. Furthernorethey had consuned prior tothe attenpt

ei ther sedatives, tranquillisers or alcohol. This conmon practice tends to confuse
the overall picture. The experience gained was that Hyperbaric Oxygen was usefu
particularly in the |ater stages. It is useful for practical purpose to be aware

of the half Iife of carbon nonoxide in air and oxygen (Reference 1)

1. Breathing air - half life is 4 hours
2. Breathing 100% Q2 at 1 ATA - 49 minutes
3. Breathing 100% Q2 at 2.5 ATA - 9 minutes

Associ at ed t herapy i nvol ves t he admi ni strati on of steroi ds and di uretics for cerebral
oedema and strict ai rway mai ntenance at all tines. Psychiatricreferral isinvariably
necessary.

In conclusion it appears that the indications for Hyperbaric Oxygen are clearly
outl i ned: -

Gas Gangrene

Car bon nonoxi de poi soni ng
Radi ot herapy of specific tunmours
Air enbolism

Deconpr essi on si ckness

Surface infection, burns, ulcers
Sel ective ischaenic conditions

NoOALDNRE

The Unit is available for use 24 hours per day and priority enmergencies include air
enmbol i sm carbon nonoxi de poi soni ng, gas gangrene and j oi nt Bends.

Experi ence has shown Wiomto Treat, How to Treat and Wen to Treat.
The Unit is regarded as an i nmportant therapeutic facility which although not fully

stressed on a day to day basis, is avail able when required. Since the conpletion
of this paper one further case of gas gangrene has beentreated. This patient received
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a gun shot wound of the abdonen and subsequently di ed foll owi ng surgery of the bowel
and abdomi nal wall. He renmined intubated while in the chanber and was ventil ated
with asinple fluid logic ventilator. The ECGwas nonitored with praecordial |eads
connected to an external cardiac nonitor through the special sockets present in the
chanber door.

It isinmportant toinflate the cuff of the endotracheal tube with water and not air,
since pressurisation conpresses the cuff and prevents a proper seal.

Afurther patient with gas gangrene of t he abdom nal wal |l foll owi ng abdoni no- peri neal
resection of the rectum has just conpleted five days of oxygen, antibiotics and
surgi cal debridement, including the renoval of left rectus nuscle.

He appears to have nmde a satisfactory recovery and will not require further
hyper bari c oxygen t herapy.
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* *x * *x * * *x *

Some peopl e are abnormal |y sensitiveto deconpression sickness. One NewZeal and di ver
is so liable that he nmust [imt hinself to 20 feet depth maxi mum

Chest pain after a dive may indi cate nedi asti nal enphysenma or nmyocardi al i schaem a.

Many di vers are t oo buoyant to maintain a 10 f oot or 20 f oot deconpressi on st op dept h.
Sport divers should avoid dives requiring deconpressi on stops.

Cold gives little warning of the onset of Hypotherm a. Abnormal behavi our
(forgetful ness) may occur. 70%of the human body is within 2.5 cnms of the surface.
Activity increases heat |oss. Danger period continues after the victimhas been
removed fromthe water. Heat | oss occurs evenin “warnf water. Severe but reversible
hypot her mi a may produce a deat hl i ke appear ance and t her apy be wongl y t hough usel ess.

I n-wat er Oxygen therapy can be limted to 10 netres by solimting the |l ength of the
gas supply hose.

* * *x k% * * % %
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