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DECOVPRESSI ON SI CKNESS
Extracted with permi ssion from Diving and Subaquatic Medicine (1975)
by Ednonds, Lowy and Pennef at her

Fol I owi ng t he devel opnent of the air punp by von Cuericke in 1650, Robert Boyl e was

abl e to expose aninmal s to deconpression. |n 1670 he reported t hese experinents and
i ncluded the first description of deconpression sickness - a bubble noving to and
fro in the waterish humour of the eye of a viper. Hoppe- Seyl er repeated these

experiments n 1857, and correctly expl ai ned the nechani sns concerned. Admiral Sir
Thomas Cochrane’s pneunatic techni que was used by Triger in France in 1839 in the
devel opnent of a caisson for the sinking of coal shafts through the wet soils of
Chal ons. This was foll owed by the wi despread use of the conpressed air environnent
to allow for tunnelling, mning and cai sson sinking. Trevessart and then Pol and
Watelle observed Triger's subjects and the physiological and pathol ogica
nmani f estati ons of deconpression.

Hoppe- Seyl er repeat ed the experi ments of Boyle. 1n 1857 he descri bed the obstruction
of pul nmonary vessel s by bubbl es and the inability of the heart to function adequately
under those conditions. He also recomrended reconpression to remedy this.

Le Roy de Mericourt in 1869, and Gal in 1872, described an occupational illness of
sponge divers, which was also attributed to the breathing of conpressed air and
equated this with the cai sson workers’ di sease. A host of inaginative theories was

proposed during the 19th century to explain the aetiology of this disorder. It was
followed by equally diverse mathematical nodels during the 20th century, also
purporting to explain the sane ill ness.

Paul Bert, in 1878, denonstrated in a nost conclusive nmanner that deconpression
sickness is primarily the result of aninert gas (nitrogenin the case of conpressed
air divers and cai sson workers) which had been di ssol ved according to Dalton’s and
Henry's Laws, and then rel eased during or foll owi ng deconpression

Hal dane, Boycott and Damant i n 1907 supportedthe concept of stage deconpressi on where
the diver ascends with a series of stops. It is based on the hypothesis of nmultiple
tissue saturationrates and a critical super-saturationratio necessary for bubbl es
to form Most deconpression tables still in use have their basis in this work
al thoughthesinglecritical ratiohas nowbeenreplacedwithnultiplecritical ratios
for the different tissues at different depths.

Leonard Hi I'l in 1912 produced bot h experi mental and theoretical evi dence questi oning
the val ue of stage deconpression over continuous deconpression, and this latter
technique is now applied to deconpression from saturati on exposures.

dinical Mnifestations

Gading: Aclassification was presented as an attenpt to di fferenti ate non-serious
and serious cases, so that identification prognosis and therapy could be nore
appropriately standardised. This clinical classification of Type |I and Type I
deconpressi on sickness is not wholly satisfactory. The classification was neither
defined nor appliedinthe sane spirit. Typel is defined as (nuscul oskeletal) pain
only bends. Type Il included those presenting with synptons other than pain, or with
abnormal physical signs. The central neurol ogi cal, cardi ovascul ar, respiratory and
gastrointestinal nmanifestations are potentially serious. Neverthel ess in nost
series peripheral nerve synptonms are allocated to the sane group as spinal and
cerebral. Nor is there a differentiation nade between vestibul ar and cerebell ar
presentations.

10



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

Al t hough the appell ation of Type | is reasonably clear when it is applied to acute
deconpressi on sickness affecting the rmuscul oskel etal system (“joint bends”), the
congl oneration of Type Il mani festations, rangi ng as they do froman i nner ear | esion
to abdom nal cranps to patches of hypoaesthesia to cardi ovascul ar col |l apse, is of
much | ess val ue. The classification is so comonly nodified, even by its own
proponents, that it appears to have lost any merit it originally had. The qualifying
designation of the organs affected appears to be the only |ogical approach, eg.
deconpressi on sickness affecting the inner ear and nuscul oskel etal systens.

nset. Deconpression si ckness devel ops after the subj ect has commenced deconpr essi on
or ascent. Most cases present within 6 hours of the dive. 1In |ong or deep dives,
cases may comence during the ascent. The delay in onset between initiating
deconpressi on and devel opi ng synptons is influenced by individual and operationa
variations. The figures available nust only be interpreted with an appreciation of
t he popul ati on bei ng consi dered and t he di vi ng bei ng perforned. Some of the typica
figures are presented in Table 1.

TABLE 1
kOPULATION TIME OF ONSET FROM SURFACING
ICHARACTERISTICS (percentage incidence)
0-30 mins. 30 mins. 2nd 3rd 4~-6th 7-12 13-24 >24 Unknown
to 1 hour hour hour hour hour hour
Royal Navy Divers 57 10 13 14 6 1
Canadian Navy Divers 62 12 9 6 9 3 1
US Navy divers (1) 54,7 12.1 19.5| 6.6| 2.3]0.3 | 4.5
US Navy divers (11) 43.9 27.4 3.9
Pawaiian Civilians 66 6 4 3 2 5 14

The Naval series were heavily wei ghted for saturati on exposures, whereas thecivilian
series was characterised by totally om tted deconpressions. Thus the latter had few
cases duri ng deconpressi on, the fornmer had many. The civilian group was characterised
by rapid and uncontrolled rates of ascent thus the incidence of early synptons
attributable to intravascul ar bubbles was greater. Wth an early presentation of
synptons, there are two diverging effects. The illness is potentially nore severe,
but treatment is nore likely to be avail abl e.
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Correl ation of Synptons

Although it is often stated that patients in the quoted series suffered fromnore
t han one synpt om the correl ati on between the di fferent mani festati onsis not usually
given. |n sone series, especially fromcassi on workers, the cunul ati ve total s equal
100% this suggests that not only the major synmptomis docunmented. The two diver
series whi ch do show correl ati ons between synptons are fortunately the two extrenes
- one with US Navy control |l ed divers often in reconpression chanbers, and the ot her
wi th uncontrolled diving civilians. The Navy divers represented a | ess severely
af fected group, the civilians nore affected.

TABLE 2
N = 935
SI GN OR SYMPTOM NO. OF % OF NO. OF % OF
| NSTANCES | NSTANCES | NSTANCES | NSTANCES
MANI FESTED MANI FESTED
I NI TI ALLY I NI TI ALLY
Local i sed Pain 858 91.8 744 79.6
Numbness or Par aest hesi a 199 21.2 41 4.3
Muscul ar Weakness 193 20.6 8 0.8
Skin Rash 140 14.9 42 4.4
Di zzi ness or Vertigo 80 8.5 24 2.5
Nausea or Vomiting 74 7.9 8 0.8
Vi sual Di sturbances 64 6.8 14 1.4
Paral ysi s 57 6.1 2 0.2
Headache 37 3.9 5 0.5
Unconsci ousness 26 2.7 6 0.6
Urinary Di sturbances 24 2.5 0
Dyspnoea (“Chokes™) 19 2.0 4 0.4
Personal ity Changes 15 1.6
Agitation or Restlessness 13 1.3
Fati gue 12 1.2 2 0.2
Muscul ar Twi t chi ng 12 1.2
Convul si ons 11 1.1
I nco-ordination 9 0.9
Equi l'i bri um Di st urbances 7 0.7
Local i sed Cedena 5 0.5
I ntestinal Disturbance 4 0.4
Audi tory Di sturbance 3 0.3
Crani al Nerve Invol venment 2 0.2
Aphasi a 2 0.2
Haenopt ysi s 2 0.2
Enmphysema - subcut aneous 1 0.1
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Cut aneous

These manifestations range from being |ocal and innocuous, to generalised and
om nous, with a conplete spectrumin between. They have been variously descri bed
as follows:

1. Pruritis A comon complication of “diving” in conpression chanbers. It
isoftenatransient effect, presenting very soon after deconpressi on, and
is not considered a system c manifestation of deconpression sickness.

It is noticed nostly after short deep exposures, often with only one or
two deconpression stops. The areas affected are the forearnms and wists
and hands, the nose and ears, and the thighs. The synptons are transient
and there is usually no objective sign available. 1In other cases there
may be a slight folliculitis observed as red punctate areas, when this
presentation nmerges with the next. The synptons are attributed to small
gas bubbles in the superficial layers of the derm s, and especially near
its entry through the epiderm s and the sebaceous gl ands.

2. Scarl atiniformrash This is an extension of the above manifestation. It
is associated with pilo erector stinmulation and perhaps a tissue hi stam ne
rel ease and appears as a red punctate rash. The distribution is

predonm nantly over the chest, shoul ders, back, upper abdomen and t hi ghs,
in that order. The duration is frommnutes to hours.

3. Erysi pel oi d rash Thisis an extension of the scarlatiniformrash and occurs
over the sanme distribution, but with the involvenent of endogenous gas
interfering with venous drainage, it is a definite sign of systemc
deconpressi on sickness. Sone of the skin appearance is thought to be a
refl ex vascul ar reaction. The lesions are collections of papul es which
may nerge to formlarge plaques with flat and firmborders. Coughing or
perform ng the Val sal va nmanoeuvre will accentuate the venous marKkings
(Mellinghoff’s sign).

4. Cutis Marnorata Marbleization This comrences as a snall pale area with
cyanotic nmottling. It may spread peripherally becom ng erythematous with
extension of cyanotic nottling. The area is warner than the surroundi ng
skin. Swelling and oederma result in a nottl ed appearance. Reconpression
gives dramatic relief. The area may becone tender to pal pation in a few
hours, but the other signs may have di m ni shed or disappeared by then
Marbling of the skin is a cutaneous manifestation of what is occurring
el sewhere inthe body, andthus is a serious sign of deconpression si ckness.
Gas bubbles are present in both tissues and bl ood vessels.

5. Subcut aneous enphysena This has the typical crepitus sensation on
pal pation, either in |ocalised areas or al ong tendon sheaths. It can be
verifiedradi ol ogi cal | y and shoul d not be confused wi ththe supracl avi cul ar
subcut aneous enphysena ext endi ng fromt he medi asti numand due t o pul nonary
bar ot r auna.

6. Lynphatic obstruction This presents as a | ocalised swelling which may be
associ ated with an underlying deconpression sickness nmanifestation. |If
it involves hair follicles, a peau d orange or pigskin appearance with
brawny oedenma i s characteristic. It is commopn over the trunk, but is al so
seen over the head and neck.
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7. Counter diffusion of gases There have been occasi onal reports of skin and
nmucosal swellings due to counter diffusion of gases. This results in
bubbles form ng at the interface between 2 gases diffusing at different
rates, but with the total gas pressure at the interface exceeding the
environnental pressure. This is only likely when the subject’s body is
exposedto alight readily diffusible gas, whil e breathing a heavier sl ower
di ffusing gas. The result is that the |ight gas noves rapidly through the
body surface fromthe environnent, while the inhal ed gas maintai ns high
tissue pressure and is reducing this slowy.

8. QO hers Form cati on may be the presentationin any of the skin nanifestation
descri bed above, or due to involvenent of the peripheral nervous system
or the spinal cord. The neural involvenent may al so result in nunbness,
hypoaest hesi a, paraesthesia and hyperaest hesia of the skin. These signs
of inflanmati on may al so occur over affectedjoints. Bruisingis sonetines
descri bed over the chest and abdonen i n serious cases, but this is not due
to genui ne tissue haenorrhages, as it blanches on | ocal pressure.

Muscul oskel et al

This is also terned “joint bends”, “Type I”, “pain only bends”, “deconpression
arthralgia”, etc. First, there is an ill-defined disconfort or numbness poorly
localised to a joint, periarticular or nuscular area. The subject may protect or
guard the af fected area, althoughinthe early stages he may get sone rel i ef by novi ng
the linmb. Over the next hour or so the disconfort develops into a deep dull ache,
thenapainwithfluctuationsinintensity, sometines throbbing and occasionally wth
sharp exacerbations. Limtation of novenent is due to pain, and the linb is placed
in a position which affords the nost relief. The duration of painis often related
to the severity of synptonms. The shoul der i s the commonest joint affected in divers,
in approximately one third of cases. Oher joints, about equally affected, are the
el bows, wists, hands, hips, knees and ankles. Oten, when two joints are invol ved,
t hey are adj oi ni ng and frequently the | ocalisationis betweenjoints over the scapul a,
on tendon insertions etc. Rarely is the involverent symmetrical. The application
of | ocal pressure by neans of a sphygnomanoneter cuff, may result in considerable
relief and may be of diagnostic value. 1t has been clained that the site pain can
sonetinmes be transferred by massage of the area.

Inthe m!|d cases, fleeting synptons are referred to as “niggles”, and may only | ast
a few hours. The pain of the nore severe cases usually increases over 12-24 hours
and, if untreated, abates over the next 3-7 days to a dull ache. Local skinreactions
may occur over the affected joint.

Al t hough t he nmuscul oskel etal synptons are the conmonest presentation of deconpres-
si on sickness i n humans, the pathol ogy of this is not well understood. Radiol ogical
evi dence of gas both in joint spaces and periarticular |lesionsis available, but this
i s not necessarily the causative | esion. Extravascul ar bubbl es i n the subperi ost eal
area, tendons, |iganents, joint capsula tissue, fascia and nuscles are thought to
cause the pain of “bends”. Bubbles in the articular vascul ar supply and referred
neur ol ogi cal pain have al so been incrim nated.
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Neur ol ogi cal

These present ati ons have produced a great deal of the past interest in deconpression
si ckness. The areas affected can be subdi vi ded according to the | evel of the nervous
system af f ect ed.

The follow ng clinical subdivisions of neurol ogical presentations are:

Cerebral Any cerebral vessel may be occluded by gas bubbles, and this result in a
great vari ety of manifestati ons, anal ogous tot hose of the cerebro-vascul ar acci dents
of general nedicine. Especially noted are the honmonynous scotonata, unilateral or
bilateral, singleor multiple. Oher manifestations include hem pl egi a, nonopl egi a,
focal or generalised convulsions, aphasia, alexia, agnosia hemsensory or
nmonosensory di sturbances and confusional states. Raised intracranial pressure has
been noted, and this may be associ ated with severe headache. 1n cases of honmonynous
hem anopsi a el ectroencephal ographic slow waves have been reported over the
i psilateral occipital cortex. Repeated EEG s are wusually indicated during
conval escence.

Serial, non-cultural, psychonetric assessnents of cognitive functi on may be of val ue
if given before, during and after treatnent. They provide measurenent of menta
i mpai rment and response to treatnment. Pernmanent nental inpairment has been cl ai med
as sequel ae of cerebral deconpression sickness. Brain steminvolvenent may al so
result in cranial nerve and pupillary abnormalities.

Cerebel lar This results in ataxia, inco-ordinationwth typical neurol ogical signs
of hypotoni a, di m ni shed or pendul ar tendon refl exes, dysnetria, asynergia, trenor,
dysdi adokoki nesi s, rebound phenonenon, scanning speech and nystagnus. The
“staggers” whichis variously described as vesti bul ar, posterior columm, spinal cord
and cerebral deconpression sickness, is probably nore often due to cerebellar
| esi ons.

Spi nal 1nvol venent of the spinal cordis nost comon in the | ower thoracic or upper
| unbar segnents, although cervical |esions are by no nmeans uncommon. It is often
preceded by girdl e pains, and commonly results in a paraplegic state. It is nore
common in patients who al so have respiratory synptons (“chokes”). The synptons and
signs are those of paraplegia or paraparesia, and include urinary retention with
overfl ow incontinence. Oten there is sparing of some sensory long tracts.

Peri pheral nerve Bubble formation in the myelin of peripheral nerves will result
in a patchy sensory deficit predomnantly involving the lower |[inbs. The
differentiation between this and an inconplete spinal lesion is inmportant.

Pat hol ogi cal | esions in the neurol ogi cal systemincl ude perivascul ar haenorrhages,
oedenma and denyelination in the cortex and subcortex, cerebellum brain stem and
spi nal cord. The spinal cord changes are predom nantly inwhite matter, and are nost
of ten observed i n the md-thoracic, upper |unbar and | ower cervical areas, with the
| ateral, posterior and anterior columms suffering in that order

The neurol ogi cal manifestations of deconpression sickness are explained in the

foll owi ng sequence of events. Gas bubbles forminthe circul ating bl ood after a short
| atent period after deconpression. Mst bubbles are filtered out by the | ungs; sone
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bubbl es, however, pass through the | ungs, either by small arteriovenous anast onoses,
or through the capillary | akes of § 6strand. These bubbles are small, about 25p in
di ameter. They pass throughthe heart and reach the central nervous syst emand occl ude
arterioles of lesser calibre. The clinical manifestations, depending on the site
of vascul ar obstruction and collateral supply are largely a matter of chance.

The nultiple pulmonary gas enboli have secondary detrimental effects by raising
pul monary arterial pressure, and this nmay predispose to paradoxical cerebral
enbol i sms through a patent foramen ovale, atrial septal defect or intra pul nonary
arteriovenous shunts. Also of relevance is the interference with venous drai nage
of the spinal cord and subsequent damage to the cord. Sone spinal cord and anteri or
hor n damage may be due to spinal artery obstruction froman enbol us. More i nmportance
i s placed on t he pul monary hypertensioninterfering with venous drai nage t hrough t he
anastonoses of the spinovertebral-azygos system subsequent engorgenent and
thronbosis in the vertebral venous system and oedema and infarction in the
conpar ativel y poorly vascul ari sed area of the spinal cord - the m d-thoraci c segnment.

THOUGHTS ON RECORDS

“The Australian” recently quoted sone recent additi ons and changes inthe great w de
wonder ful world of record shattering achi evements, where non-events become Gui nness
Crowned. Lest youarestill awaitingtheinformation, hereitis. InVictoria, Texas,
at the annual Armadill o Confab and Exposition, Elyira Rose Hunt has earned thetitle
of M ss Vacant Lot of the World by stuffing 264 pennies into her nmouth. As she wore
a two piece purple hot pants outfit the spectators didn't object to her speechl ess
condition. M Joe Penafilled, licked and rolled 42 cigarettesin five mnutes. The
results of the belching, yelling and spitting conpetitions are not yet avail abl e,
regrettably. However, the All-China Nationw de Peoples Liberation Arnmy Ganes
(Peki ng) hand- grenade t hrowi ng record of 63 netres, held by 16 year old Ma Li-Li was
not equalled. The only Australian entry for the useless records section was the
successful breaking of the Manly Marinel and Underwat er Endurance record, now hel d
by their chief instructor and shark feeder. Few of the fish who shared the record
attenpt are thought to have suffered ill effects.

For the benefit of anyone seriously wi shing to establish sone sort of record for
getting air through a hose it may be an advant age to know what the present state of
the market is. In 1946 an Arerican “hard hat” diver aged 26 set what could be an
i nvol untary record, though his tinmes may have been exceeded. The conditions are as
foll ows: without any warningthe diver isinprisonedinanmudtunnel, unable to nove,
in 40 ft water beneath a sunken barge. The only surface contact is by the air hose
and t el ephone. Duration of dive nust exceed 3 days and ni ghts and no food or drink
is allowed. The cold and a know edge that there was a constant risk of the weck
settling harder onto the trapped nman are factors i ncl uded by seri ous contenders for
t he Record.

I ntendi ng contestants should contact “Project Stickybeak” first.
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Gastro-Intestinal Manifestations

Patients m|ldly affected may present only wi th anorexi a, nausea, retchi ng, abdom nal
cranps and di arrhoea. When the condition is severe, |ocal ischaenmi a and infarction
of bowel, with secondary haenorrhages, may result.

Cardi o Respiratory

I ntravascul ar bubbl es are nore common i n the venous system and are associated with
sudden or severe deconpression sickness. Although nmany of these bubbles may be
trapped in the pul nonary capillaries, sone may pass into the arterial circulation,
either through a patent ductus arteriosus, septal defects, or via the pul nonary
pl exuses. The clinical manifestations may be arbitrarily divided into three types
as follows:

i Local ischaem c effect. This may foll owcerebral, coronary, renal or splenic
occlusion, etc. The result of these occlusions may be tissue i schaem a and
infarction. The clinical manifestations will vary according to the organs
i nvol ved. Specifically, aninfrequent but troubl esone cardi ac mani festation
of deconpression sickness is the devel opment of a ventricular arrhythm a,
whi ch may not respond to reconpressiontherapy. It is not clear whether these
all represent coronary enboli, or whether they result from extravascul ar
bubbl es interfering with the myoneural conducting nmechani sns of the heart.

ii. Pul monary invol verent (“chokes”). Cinical manifestations are noted when
approxi mately 10% or nore of the pul nonary vascular bed is obstructed.
Tachypnoea and hyperpnoea are observed. The initial synptomis chest pain
aggravated by inspiration, withanirritating cough precipitatedby cigarette
snoki ng. Interference with the pulmonary circulation can result in
circulatory collapse in severe cases. Pulnmonary effects appear early, and
are followed by either rapid resolution or a progression of synptons.
I nvestigations are often not possible, but ECG evidence of right axis
devi ati on, hi gh peaked p waves and ri ght ventricul ar strain may be obt ai ned.

iii. Post deconpression shock. In very severe cases, eg. in explosive
deconpression or following grossly onitted deconpression, there may be a
generalised |iberation of gas into all vessels, resulting in rapid death.
The presence of gas bubbles in the circulating blood results in a bubble/
bl ood i nteracti on which leads to all grades of vessel wall and haemat ol ogi cal
reactions fromhaeno-concentration di ssem nated i ntra-vascul ar coagul ati on.
Even i n subjects w thout clinical evidence of deconpression sickness, there
i s observedto be anincreasein packed cell vol une (haematocrit), haenogl obin
concentration, plasma free fatty acids and prothronmbin tinme; decrease
pl atel et counts, plasma cortisol, conplenent activity and prothronbin
consunptiontine. Those with synptons al so had i ncreased fi brin degradati on
products.

The effects of hypotension, especially with air platelet and lipid enboli cause
secondary hypoxic damage to capillaries, increased capillary perneability and
extravasation of fluidinto tissues. The signs and synptons of hypovol aem ¢ shock,
such as haenoconcentration, postural hypotension, syncope, | owurinary output, etc.
are not uncommon, but |ike the pul nbnary manifestations, they are either resol ved
qui ckly or proceed om nously. Once the cycle | eading to dissem nated intravascul ar
coagul ati on has commenced, it does not necessarily respond to reconpressiontherapy.
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Thus such cases nay deteriorate even whilst at an initially adequate reconpression
dept h. Attention to intravenous replacement, heparin usage, correction of
coagul ation defects, etc. foll ows general nedical principles, and may succeed where
t he reconpression has not.

TREATMENT

Pol and Watellein 1854 recorded i nprovenment of patients whoreturnedto a conpressed
air environment, ie. they were reconpressed. This has renai ned the mainstay of
t herapy, but does need to be suppl enented by general nedical support. Treatnent is
likely to be nore readily avail abl e under operational situations when the synptom
occurs during deconpression or soon after. Alternately, theillness is potentially
nore severe. This may be explained by the continuing tissue to bubble pressure
gradient, the nmore likely presence of intravascular bubbles as opposed to the
extravascul ar bubbles from slower desaturating tissues, and the consequent
haemat ol ogi cal conplication of dissem nated intravascul ar coagul ation. The |late
devel opnent of synptons heralds a relatively sinple therapeutic reginme, as
exenplified by joint bends near the term nati on of a uniformand | i near deconpr essi on
froma saturation dive. In both early and del ayed cases of deconpression sickness,
the | onger the synptons are all owed to persist and extend the nore difficult is the
t herapeuti c procedure.

Reconpressi on Ther apy

The vol ume of intravascul ar and extravascul ar gas bubbl es decreases in proportion
to the absolute pressure applied, in accordance with Boyle’s Law. Thus at a depth
of 165 feet or 50 netres, the pressure is 6 ATA and the volune of the bubble will
be reduced to one-sixth of its size at the surface. This may be sufficient torelieve
t he synptons and si gns of deconpression sickness and restore circulation. In this
particul ar exanple the surface area to volunme ratio is al nost doubl e, thus aiding
t he resol ution of the bubble by increasing the nitrogen gradient. The standard air
t herapeutic tabl es have as their nost useful depth, 165 feet or 50 netres. This was
rationalised as being a depth at which further volume change would becone
i nsignificant, and at whichtheincreaseinnitrogensaturationof tissuesis becon ng
prohi bi tive by i ncreasi ng subsequent deconpressi onrequirenments. That dept h was al so
consi stent with the working nedical attendants not being i ncapacitated by nitrogen
narcosis. The air tables, 1to 4 of the US Navy D vi ng Manual , had the counterparts
i n most other Navies, and they varied mainly in their duration, from7 to 43 hours.

Reconpression fol l owed by a sl ow deconpression is the basis for treatnment. There
are three problens to consider in deciding the necessary formof the reconpression
therapy. These are the depth required for therapy; the gas mi xtures used; and the
rate of deconpression. The gas m xtures and deconpression rate are partly reliable
on the depth of reconpression
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In deciding this there are three different approaches which may be nmade, and t hese
are as follows:

A

Reconpress to a pressure (depth) dependent upon the depth and duration of
the original dive.

Reconpress to a predeterm ned fi xed depth - ie. according to standard tabl es
of reconpression therapy.

Reconpress to a depth which produces a clinically acceptable result.

These are now el aborated further.

A

Reconpress to a pressure (depth) dependent upon the depth and duration of
the original dive. This not a particularly satisfactory technique, as it
isdesignedtocopewiththetotal quantity of gas di ssolved inthe body during
the original dive. Because deconpression sickness is the clinica
mani f estati on of a gas bubble | odged in a vulnerable area, it is necessary
to reconmpress in order to reduce the size of that particular bubble,
irrespective of the total quantity of inert gas dissolved in the body. This
approach was best typified by the now defunct concept of treating aviator
bends by descent to ground |evel

The one advantage of this approach is when a diver devel ops deconpression
si ckness soon after surfacing froma deep dive. Under those conditions a
prompt return to the original depth will ensure that there is no tissue to
bubbl e pressure gradi ent whi ch coul d assi st bubble growt h at a | esser depth.

Reconpress to a predeterm ned fi xed depth - ie. according to standard tabl es
of reconpression therapy. The standard tabl es of reconpressionclearly state
the gas m xture to be used (usually air or oxygen). The application of the
standard reconpression tabl es produces relief in 90%of cases, if treatnent
commences wi t hin hal f an hour or the onset of synptons. This proportionfalls
to 50%if the delay exceeds six hours. After a 12 hour delay, the results
are poor.

As a general rule the short air table, taking just under seven hours, is only
used for the Type | cases and the | onger tables, needing over 42 hours, are
used for the nore difficult cases. As npbst series deal with navy divers who
have only marginal |y exceeded deconpressi on requirenments, the value of the
air tables was not adequately quantified. They seened of nore value to the
m | der Type | cases than the others.

The i ntroducti on of standardi sed oxygen t abl es usi ng 100%oxygen i nt er sper sed
with air breathing (Table 5 and 6 in the US Navy Di vi ng Manual ) gave far nore
flexibility and inproved results. They are able to be extended and
interchanged with the air tables at certain depths - mainly 30 feet and 60
feet. These tables becane popul ar because of the inproved results and the
econony in time, needing only 135 m nutes and 285 mi nutes respectively. The
physi ol ogi cal advantages are i n the speed of bubbl e resol uti on and i ncreased
oxygenation of tissues in countering the pul monary arteriovenous shunting
ef fects. D sadvantages include a fire hazard, oxygen toxicity, and the
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occasi onal intol erance of a distressed patient to oxygen, or a mask, and the
| ess imedi ate reduction in bubble size, ie. to less than half the volune
achieved with the 165 foot standard air tables. Al t hough the pressure
gradi ent of nitrogen fromthe i ntravascul ar bubble to the bl ood is increased
wi t h oxygen breat hing at 60 feet, if the diver has previously dived in excess
of 60 feet, thenthere could well be a positive pressure gradient fromtissue
extravascul ar bubbl e still in effect duringthe early phase of reconpression.

Despite the above qualifications, the use of oxygen has received world w de
acceptance as a supplenent to the air tables.

C. Reoonpressi on to a dept h whi ch produces a clinically acceptable result all ows
a nmore flexi ble approach. The gas mixture whichis likely toresult in the
maxi mumsaf e i nert gas and oxygen pressure gradi ents may t hen be adm ni st er ed.
For exanple, if the diver requires reconpression to a depth of 100 feet, a
50% oxygen m xture may be used, and the oxygen percentage may be increased
on reaching the shall ower depths. In these circunmstances, the rate of
deconpression nmust initially be decided arbitrarily - eg. 1 foot ascent per
4 m nutes using 100%oxygen, and i ncreasing the tine by one m nute for every
10% decrease of oxygen in the inspired mixture. The percentage of oxygen
to be used may be cal culated on the depth of the patient.

When admi ni stering oxygen m xtures the inert gas will usually be nitrogen
but this should be avoided in three circunstances. The first is with depths
i n excess of 180 feet due to nitrogen narcosis. The second i s when t he subj ect
has respiratory distress. Under this condition either 100% oxygen or an
oxygen/ hel i um m xture shoul d be adm ni stered, depending on the depth. The
third is during the “off oxygen” periods, when it is customary to del ay the
onset of pul nmonary oxygen toxicity by intermttently admnistering a | ow
oxygen gas for an arbitrary time, eg. 5 m nutes each half hour. In the case
of deconpression sickness due to air diving, at these tinmes 20% oxygen/ 80%
hel i ummay be given to the patient who is in a good clinical condition. This
helium m xture could tenmporarily aggravate the clinical condition of a
seriously ill patient.

Deconpression is halted at any stage if synptons recur or others devel op
Furt her reconpression may be needed until an acceptable clinical result is
achi eved. The rate of deconpression can be varied according to the response
in the individual cases, and this my need to be slowed by up to 50% for
saturation dives

The value of this flexible formof therapy is that it is orientated towards
the individual patient, and that it does not limt the medical officer by
the inposition of standard tables which may be wholly inadequate for the
severity of the case. The disadvantage is that it can only be used by
experi enced nedi cal personnel and that constant attention to the clinica
state of the patient is required.

All three approaches have sone validity and may be relevant in different
Ci rcumst ances.
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An addi ti onal techni que of consi derabl e val ue whenthereisnosignificant tinefactor
i nvol ved, andif the patient is severely affected, isthe 12 hour or “overni ght soak”.
It may be of benefit for many reasons to halt all deconpression for this prol onged
time. Bubbles have a chance to resolve before Boyle’'s Law conmes into effect with
deconpression. Also, tissue supersaturation of gas will become equilibrated with
t he anbi ent pressures. Oxygen toxicity may be relieved. Last but not | east, medi cal
and chanber personnel will be able to regroup and reorganise

The administration of 100% oxygen during the short termtransport of patients to
reconpression facilities is recommended for 3 reasons: to increase nitrogen bubble
resolution, to inprove oxygenation to ischaem c areas, and to reduce the hypoxic
ef fects of arterio-venous shunts. For any recurrence of synptons after conpression
t herapy, the adm ni stration of 100% oxygen by mask al so may prove beneficial. The
post therapy intermttent use of 100% oxygen is likely to considerably reduce the
requi renent for further reconpression treatnment irrespective of which of the above
reginmes is applied.

Whenever oxygen i s used at atnmospheric or greater pressures, attention nmust be paid
to the problens of respiratory oxygen toxicity. It is strongly suggested that the
oxygen paraneters should not exceed those likely to result in neurological or
pul monary toxicity (ie. pQ2 of 2.0 ATA, and the vital capacity measurenents shoul d
not be pernmitted to decrease by nore than 20%.

Supportive Therapy.

O her forms of treatnment have been used for deconpressi on si ckness. Heparin has been
advocat ed because of its lipaemc clearing activity and its preventative effect on
pl at el et cl unpi ng. It may be indicated in cases of dissenm nated intravascul ar
coagul ati on whi ch have no evi dence of systenic infarctions and bl eeding. Correction
of coagul ati on defects seens a nore | ogi cal approach to the probl emof di ssem nated
i ntravascul ar coagul ati on i n deconpressi on si ckness. Low nol ecul ar wei ght dextran
has al so been used i n t hese cases and nay be i ndi cat ed when t he haenmat ol ogi cal changes
beconme marked. Vasodilatation has been attenpted by drugs and refl ex stimul ation.
Manni t ol has been used to reduce cerebral and spi nal oedera, as has the adm ni strati on
of steroids. Dexanethisone 10 ngmI1V and 4 ngm | Mevery 6 hours, is often used in
neur ol ogi cal cases. It nust be discontinued within 72 hours unless maintenance
steroids are to be used. Hyperbaric oxygen therapy, repeated daily, may al so be of
val ue i n t hese cases. Hypot herm a has been proposed for persistent cerebral oedena.
Hypovol aem ¢ shock will require intravenous fluid replacenent, with appropriate
clinical nonitoring. Synptomatic therapy is also required, eg. urinary catheteri-
sation, adm nistration of anal gesics, etc.

It is essential to realise that general medical treatnent is required during the
reconpression regines. Patients should not be left unattended in reconpression
chanbers, and especially whil st breathing increased oxygen concentrations. First
aid and resuscitation techniques are often required as are accurate clinical
assessnents, and for thesereasons it is desirabletohave atrained nedi cal attendant
in the chanmber. It may be necessary to consider the possibility of deconpression
si ckness occurring in the attendants, especially when the patient is subjected to
oxygen or oxygen-enriched nm xtures. The deconpression regi nes are based on the gas
m xtures being breathed by the patient, and not the air being breathed by the
attendants.
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