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DECOVPRESSI ON SI CKNESS | N DI VI NG
How, West and Ednonds

| NTRODUCTI ON

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 watery humour of the eye of the viper. Hoppe- Seyl er repeated the
experinents of Boyle, and in 1857 he described the obstruction of pul nonary vessel s
by bubbles and the inability of the heart to function adequately under those
conditions. He also recommended reconpression to renedy this. LeRoy de Mericourt
in 1869, and Gal in 1872 descri bed an occupati onal di sease in sponge divers, which
was al so attributed to the breathing of conpressed air and was equated with Cai sson
di sease. Paul Bert in 1878 denonstrated in a nost conclusive manner that the
deconpression sickness is primarily theresult of aninert gas (nitrogenin the case
of conmpressed air divers and cai sson workers) whi ch had been di ssol ved in the bl ood
and tissues of the body, being released during or following the return to nornal
pressures. Gersh and Catchpole (1951) inreviewingtheliterature andtheir own work
on t he neurol ogi cal mani f est ati ons of deconpressi on si ckness, denonstrated that gas
bubbles formed in circulating blood after a short latent period from the tine
deconpr essi on conmences. Mbst bubbles are filtered by the | ungs; some pass through
t he I ungs and reach t he central nervous systemand ot her organs and occl ude arteri ol es
of the sane calibre. The clinical nanifestations depend on the site of the vascul ar
obstruction and collateral supply, and are largely a natter of chance. The early
occurrence of venous bubbles often during the diver's ascent and their subsequent
energence as a di mi ni shed quantity inthe arterial systemwhen deconpressi on si ckness
devel ops, has been adequately verified by the ultrasoni c doppl er techni ques in both
ani mal s and nan.

Hal dane, Boycott and Damant i n 1907 denonstrat ed a t echni que of deconpr essi on wher eby
the di ver ascends in a series of stages. This allows the gradual exhal ation of the
accunul ated i nert gas, thus reduci ng or preventing the nunber of bubbles ableto form
within the diver’'s body. Reconpression therapy was i ntroduced for the treatnent of
deconpr essi on si ckness, and t hi s was nodi fi ed by Goodnan & Wr knman et al . (1965) with
the i ntroduction of 100%oxygen to hasten the elinination of inert gas fromthe body,
while mninmally conpressing the diver in a reconpression chanber to reduce the size
of the gas bubbl es causing the clinical synptoms. Mre recently the use of oxygen
m xtures to bridge the conpressi on gap between the air reconpression therapy tables
and the oxygen reconpression therapy tables, allows greater flexibility in the
treatment of this disorder (Ednonds et al., 1976). The very recent introduction of
under - wat er oxygen reconpressi on therapy has resulted in nore rapid therapy being
instituted in renote localities.

Cinical classification was presented (CGolding et al. 1960) as an attenpt to
differentiate non-serious and serious cases, so that identification prognosis and
t herapy coul d be nore appropriately standardi sed. This clinical classification of

Type | and Type Il deconpression sickness is not wholly satisfactory. The
cl assificationwas neither definednor appliedinthesanespirit asit wasinitiated.
Type | i s defined as pai n-only deconpressi on si ckness or joint bends. Typell includes

t hose presenting with synpt ons ot her than pain, or with abnormal physical signs. The
central neurological, spinal, cardiovascular, respiratory and gastrointestinal
mani festations are potentially serious. Naval (Bennett and Elliott 1969; R vera
1963; Sl ark 1962) and recent Cai sson series (Bennett and Elliott 1969; Giffiths 1969)
have had a di sproportionate dom nance of joint bends, conparedtothecivilian series
(Erde and Ednonds 1975). In the latter the neurological and cardiorespiratory
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synptons are nuch nore frequent. To support or specify this variation in severity
bet ween the quoted Naval series and the rarely docunented civilian cases, this
relativelylarge series of civiliancases, are nowexanined. Theonlycivilianseries
of conparabl e size was the Hawaiian group, described by Erde and Ednonds.

MATERI AL AND METHCDS

A series of cases of deconpression sickness were referred for treatnment to two maj or
reconpressiontherapy centres inthe | ndo-Pacific regi on, the Singapore Arned Forces
based at Singapore and the Royal Australian Navy School of Underwater Medicine at
Sydney, Australia. The 115 consecutive cases i ncluded 40 fromSi ngapore and 75 from
Sydney. Records were made of the diving history, theclinical features, the response
to treatment and other interrelated factors.

Inclusion of cases of deconpression sickness in the series required either
i ndi sputabl e signs of this disorder or the devel opnent of clinical synptons during
or after ascent which were relieved or cured by reconpression therapy. Cases of
pul monary barotrauna were excl uded fromthe survey i e. those cases with haenoptysi s,
pleuritic pain, pneunothorax, mediastinal or cervical surgical enmphysenm, etc.

In assessing the result of treatnent, the follow ng grading systemwas used:

Conmpl ete cure 4 Al nost conpl ete cure 3
Definitely inproved 2 No definite change

Clinically deteriorated or died O.

The major treatnent enployed included the Air Tables 5A, 5B, 5C, 5D, 5E in the
Austral i an Navy Diving Manual (these are equitable with tables 1, 2, 3 and 4 of the
US Navy Di ving Manual ); the Oxygen Treat nent Tables (6A, 6B of the Australian Navy
Di vi ng Manual ) which are equitable with Tables 5 and 6 of the US Navy Manual ; the
hi gh oxygen pressure tables, both in a conpression chanber and underwat er (Ednonds
et al., 1976); and finally the use of oxygen at atnospheric pressure.

Synptomatic treatnent was adm nistered routinely, according to the severity of the
case. Thus many received i ntravenous i nfusions, urinary catheterisation, steroids,
anti-epileptic and tranquilliser drugs for neurological cases, as well as
el ectrodi agnostic and clinical nonitoring procedures.

RESULTS

Most of the cases were amateur or sports divers, fishernen divers, pearl divers,
abal one divers or other locally enployed divers. Al were using conpressed air as
the nedium either in the form of self contained underwater breathing apparatus
(SCUBA) or by the use of a line taking the air froma nechani cal conpressor on the
surface or fromcylinders al so at sealevel ie. a surface supply breat hi ng appar at us
(SSBA). Table | gives a description of the population involved and the type of dive
profile.

As a generalisation, the dives were far in excess of those all owed by reconpression
tables. Only 24% attenpted some form of deconpression. As depicted in Table I1,
in 89% of dives there were sufficient data available to assess the deconpression
performed. The majority of both the Singapore and Australian groups exceeded t he
al | owabl e duration underwater and did not performadequate deconpression staging.
In 11%of cases there was insufficient information avail able to nake a judgenent in
either direction. |In those cases in which the dive was stated to be perforned in
accordance with the recommended tables, there is still sonme roomfor doubt as both
depths and duration were often nerely estinations.
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TABLE |
Mean
Age 32. 4
Dept h 30.0
Dur ati on 120.6
Onset of Synptons
(fromstart of ascent) 33.1
Del ay in treatnent
(fromstart of synptons) 50.9
* not relevant due to extrene skew devi ation
TABLE 11
Si ngapor e
Di ver exceeded reconmended tabl es 32 (80.0%
Insufficient information avail abl e 1 (2.5%
Dived in accordance with tables 7 (17.5%
Tot al 40
TABLE 111

St andard Devi ati on

9.5 years
10.5 nmetres
112. 1 m nut es
48. 0* m nut es
40. 4 hour s
Australia Tot al
55 (73% 87 (76%
12 (16% 13 (11%
8 (11% 15 (13%
75

I NCl DENCE OF SYMPTOVS N=115

Muscul oskel et al 71 (61. 7%
Shoul der 56 48. 7%
El bows 42 36. 5%
Arm 9 7.8%
Wi st 9 7.8%
Hand 1 . 9%
Knee 21 18. 3%
H p 10 8. 7%
Leg 9 7.8%
Thi gh 7 6. 1%
Ankl e 3 2.6%
Neur ol ogi cal
Cer ebr al 19 16. 5%
Paresi s and Paral ysi s 19 38. 3%
Subj ecti ve sensory | oss 59 51. 3%
Loss of sensation 54 47. 0%
Loss of proprioception 21 18. 2%
Loss of bladder function 41 35. 6%
Loss of bowel function 21 18. 2%
Pain in spinal colum 15 13. 0%
Unconsci ousness 23 20. 0%
I nner Ear
Vertigo 10 8. 7%
Deaf ness 3 2.6%
Ti nni t us 2 1. 7%
Respi ratory
Chest pain 18 15. 6%
Cough 12 10. 4%
Dyspnoea 20 17. 4%
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@Gastroi ntesti nal

Abdomi nal pain 18 15. 7%

Nausea 25 21. 7%
General i sed

Mal ai se 31 27. 0%

Di zzi ness 20 17. 4%

Anor exi a 6 5.2%

Fever 4 3.5%

I nt egunent al

Cedema 10 8. 7%

It ching 9 7.8%

Rashes 6 5.2%
Table 111 gives the overall incidence of synptom attributable to deconpression
si ckness, and includes all those synptons or signs which are recorded in the case
reports. It does not in any way attenpt to infer severity.

Tabl e 1V shows the predoni nant mani festations, this is described as either a Type

| or Type |l deconpression sickness. Type | is usually designated as m nor
mani f estati on of deconpression sickness, and Type Il as a serious manifestation.
TABLE |V
PREDOM NANT DECOVPRESSI ON SI CKNESS MANI FESTATI ONS

Type | - Deconpression Sickness 54 cases 47%
Type |1 - Deconpression Sickness 61 cases 53%

Cer ebr al 11 cases 10%

Spi nal 22 cases 19%

Bot h spi nal and cerebral 22 cases 19%

| nner ear 3 cases 3%

Cardi orespiratory 3 cases 3%

Type | Deconpression Sickness

This is the less serious form of deconpression sickness as regards norbidity and
nortality, mainly affects the nuscul oskel etal system and this is commonly termed

“Bends”. O the total, 47%fell into this category, although 15% nore cases had
evi dence of joint pains as well as nore serious synptons, thus placing theminto the
Type || deconpression sickness group. As in nost other series of deconpression

si ckness affecting divers, the upper linbs were nost affected, with the foll ow ng
order of predom nance - shoul ders, el bows, knees and hips. As in a previous series,
when nultiple joints were involved, they tend to occur in neighbouring joints.

Type || Deconpression Sickness

In the Singapore cases, spinal |esions doninated the clinical presentation. The
Austral i an cases had a gr eat er nunber of cerebral and cardi orespiratory nmani f est ati ons,
probably reflecting the closer proximty of the diving to the therapeutic facility.
It was noted that cerebral and cardi o-respiratory nanifestations tend to occur soon
after the conpl eti on of the dive, and i n sone cases resol ve spont aneously. Sonetines
spi nal |esions supervene after a delay. Spinal cases are nuch | ess correctabl e by
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procrastination, and therefore are nore likely to be transported | ong di stances,
taking a longer tine. Aborted or i nadequate water reconpression therapy was often
attenpted and usual | y served to aggravate clinical synptons and result i n unnecessary
del ay of treatnent.

In the case of Type || deconpression sickness there are often other manifestations,
whi ch can be seen fromTable I11. Spinal cord invol venent was t he nost |ikely cause
of severe persistent disability from deconpression sickness.

Ti mres of Onset of Synptons.

Al t hough the nean ti ne bet ween ascent and the first presentation of synptons is 33.1
nm nutes, a standard deviationis not relevant as the distributionis strongly skewed.
Twel ve devel oped synptons during the repetitive dive, with ascent or whil st staging.
Thirty-one cases devel oped synptons upon surfacing or very soon after. A further
twenty-three withinthe first ten m nutes naking a total of sixty-six deconpression
si ckness cases developingwithinthis time. The longest duration between ascent and
theinitial devel opnent of synptons was 19 hours, and this particul ar case di d respond
wel |l to reconpression therapy. The second | ongest case devel oped synptonms 5 hours
after ascent.

TABLE V

FREQUENCY OF RESPONSE TO THERAPY

Response (grade) Si ngapor e Australia Tot al
4 19 49% 52 72% 63%
3 12 31% 11 15% 20%
2 4 10% 5 7% 8%
1 4 10% 2 3% 6%
0 0 0 2 3% 2%

The conparison of the responses to treatnent fromdifferent therapeutic regines is
a rough one, and definite concl usions cannot be drawn fromthis conparison, as the
cases were not randomy sel ected for each reginme. On the contrary, the severity of
t he case and the | ocal conditions were paranount determ ning factors in the decision
as to which therapeutic regime to apply. Thus oxygen woul d be admi ni stered “on the
surface” at 1 ATAin a mld case of Type | deconpression sickness of a long duration
and di stant fromreconpression facilities. Oiginally inthe Singapore group there
was a tendency to treat according to the Air Tables, although in later years the
Workman' s Oxygen Tabl es were applied. The Australian group were nore often treated
wi th the Australian hi gh oxygen pressure Tabl es i e. the maxi numsafe oxygen pressure
adm ni stered either in a conpression chanber, underwater or at 1 ATA

I n assessing the response to therapy the previous nentioned gradi ng systemis used:

Conpl ete cure 4; Al nost conpl ete cure 3;
Definite inprovenent 2; No definite change 1;
Clinically deteriorated or Died 0.
It isinportant torealise that the response is conparedto the initial severity of
t he case.

The total nunber of reginmes used exceeds the nunber of cases, because sone cases
responded insufficiently to one type and so required another. In the majority of
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cases oxygen was also used intermttently following the reconpression reginme, to
avoi d or dimnish the recurrence of ninor synptons. |n nany of the parapl egic cases
i e. those with spinal deconpression sickness, hyperbaric oxygenati on was al so used
subsequently to the initial reconpression therapy. This reginme is used bothin the
Si ngapore and Australian areas with apparently good clinical results.

When observing the time required for full recovery, it was observed that 60% were
fully recoveredwithin?24hoursof initiatingtreatment. Another 17%recovered w thin

one nmonth, 14%nore within the year. Approximtely 7% were permanently affected,
and 2% di ed fromthe deconpressi on sickness.

TABLE VI

RESPONSE TO VARI QUS TREATMENTS

Mean
Response Number
Air Tabl es 2.29 24
Wor kmen’ s 02 Tabl es 2.31 59
Australian 0o Tabl es 3.58 52
0> adm nistered at 1 ATA 3.2 10

DI SCUSSI ON

The nore serious nature of civilian cases, as conpared to t he Naval series was again
evident. The dramatic superiority of Wrkman's Oxygen Tabl es over the conventiona
Air Tabl es was not as evident as in the Naval series. Perhaps this was because of
t he nore established and serious nature of the civilian cases. This in turn nmay be
due to t he speci fic probl enms encount er ed anongst a non-di sci pl i ned di vi ng popul ati on.
These probl ens incl ude:

. Di vers who are physically unsuited for the type of dive they are performng
eg. due to obesity, etc.

. The unawar eness of correct diving procedures, eg. deconpression staging,
di ve pl anning, etc.

. Usi ng inadequate equipnent, often w thout depth gauges or underwater
wat ches for deconpression.

. No facilities for deconpression. Insufficient gas supplies, etc.

. The performance of rapid ascents, there being frequently a history of an
energency or unpl anned ascent.

. Unnecessary delays in early treatnent.

. The | ocal admi ni strative authority being unprepared for diving acci dents,
aggravating the del ays.

. | nadequat e | ocal reconpression treatnment facilities.

The advant ages of Workman’ s Oxygen Tabl es t o t he operat ors were very evi dent requiring
less time and resulting in | ess inconvenience to the therapists. Ednonds’ oxygen
underwater treatnent regine was of use in renote localities, when the divers were
prepared for the eventual ity of deconpression sickness. Inthis reginme the patient
i s subnerged with a supply of oxygen fromthe surface, conprising alarge (220 cubic
foot) oxygen cylinder with the hose extending to a maxi num depth of 9 netres
underwat er, and havi ng a denand val ve attached. The denand val ve fits through a ful

face mask, thus reducing the dangers of unconsciousness, vonmiting underwater and
drowni ng. A conpani on di ver i s required, but because of the depth thereis no problem
regardi ng deconpression sickness in the assistants. The diver sits on a stage or
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a wei ght ed shot rope hangi ng over the si de of the boat. |f possible ashelteredl| agoon
or harbour is preferred to reduce the incidence of sea sickness in both the diver
and the attendant. After 30-120 minutes the diver is brought to the surface at a
rate of 12 minutes per netre, by hauling the shot rope upwards. The diver continues
br eat hi ng oxygen t hroughout andis left onintermttent oxygen (one hour on, one hour
of f) when he reaches the surface to reduce the i ncidence of recurrence in nost cases.
This regime will usually result in a considerable relief or conplete cure, but even
at the worst the diver is given sonme hours of nitrogen elinination, a reduction of
the severity of the clinical conplications, and time in which transport can be
arranged to the nearest reconpression facility.

Wien transport isobtainedit isinperativethat it isachievedwithaslittle physical
di st urbances as possi bl e, and carried out at a pressure equi val ent to sealevel. Both
t he physi cal disturbance and the exposure to | ower than atnospheric pressure will
i ncrease the volune of gas bubbles associated wi th deconpression sickness. Many
civilian and cormmercial aircraft can be pressurised to 1 ATA and are thus suitable
for thetrip for diving casualties. During transportation hunidified oxygen may be
adm nistered to the patient. Al other treatnent procedures are based on general
nmedi cal principles. The bl ood vol ume deficit shoul d be renmedi ed, cerebral and spi nal
oedena reduced, haematol ogical aberrations renedied, and specific synptons
(convul sions, delirium urine retention, gastrointestinal synptons, etc.) nust be
treated on their nerits.

I n experience of bot h aut hors, del ayed cases are oftentreatedw th hyperbaric oxygen,
as opposed to the attenpts to renove the synptons by increased pressure. This is
especially so in cases of spinal deconpression sickness of sone days duration.
Despite this, an attenpt shoul d al ways be nade to renove or reduce synptons initially
by t he appli cati on of pressure, and to renove bubbl es by t he i nhal ati on of t he hi ghest
oxygen m xture possible, with reference to oxygen toxicity. These are nore fully
described in the conventional medical texts on diving (Bennett and Elliott, 1969;
Ednonds et al ., 1976).
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