WORKSHOP ON THE TREATMENT OF DECOMPRESSI ON SI CKNESS
LCDR KM Greene MC USN

This report summari zes a workshop held 17-18 February 1976 in London. The thirty
physi ci ans attendi ng fromseven nations sought a uniformapproach to the treatnent
of deconpression sickness in the North Sea environnent.

Aspects consi dered include reconpression profiles, gas mixtures, ancillary drugs,
aftercare, qualificationof assistants, and conmuni cati on problens. Includedinthis
report is an outline approved by the EUBS for gui dance in the choice of treatnent
t abl es.

The conti nui ng expansi on of the of fshore oil and gas i ndustry i nvol ves | ar ge nunbers
of divers in the constructi on and mai nt enance of underwater equi pment. Wen these
di vers suffer deconpression sickness (DCS), as they do in spite of the |atest
deconpression techniques, a variety of approaches may be made with regard to

treatnent. This diversity of treatnment exists at all levels, fromthe supervisor
on the scene, through the diving conpany managenent, to their nedi cal consultants,
whet her industrial or naval. Because of the fast pace of devel opnent and the

mul tinati onal conpl exi on of the divingindustry, this|ack of aconsolidated approach
is nowhere nore evident than in the North Sea.

A nore uniform approach mght inprove the treatnent outcone of many cases,
particul arly when the care of the diver passes through several |evels of nanagenent
or to several medical consultants. Toward this end, the European Under sea Bi onmedi cal
Soci ety (EUBS) invited a nunber of diving nmedicine consultants to participate in an
i nformal wor kshop, held 17 and 18 February 1976 at the Royal Society of Medicine in
London. The goal was t o establ i sh consensus, where possible, inthe practical aspects
of thetreatment of deconpression sickness of fshore. The workshop, chaired by Surgeon
Cdr. DHE liott, RN, was one of a series of “Tabl es Rondes sur |a Bi omedi ci ne Sous
Mer” organized by the EUBS. Fi nanci al support was provided by the UK offshore
Qperators Association, an oil industry organization. Medical representatives of
diving contractors, navies, and civilian nedical establishnents came fromthe UK,
Norway, France, ltaly, Switzerland, Canada and the US. A summary report is to be
published in the US by t he Undersea Medi cal Society. Inthe interest of informality
and spontaneity, it was agreed that the participants would not be directly quoted.

The participants wereinvitedtoreviewtheir individual approaches to t he managenent
of DCS as a starting point toward delineating areas of agreenent and di sagreenent.
Then the specific conponents of therapy were discussed in detail.

Reconpr essi on profiles The expected di fferences of enphasis and applicationrelated
to the backgrounds of the participants were evident. For exanple, DCS occurring at
the surface is treated generally according to the USN or RN standard reconpressi on
tabl es, using oxygen at 60 ft pressure or air at 165 ft. The French, however, al so
use aninternedi ate profil ew thoxygen-richmxtures at 100 ft. In oxy-heliumdiving
to depths greater than 300 ft, commrercial divers often follow short bottomtime
schedul es, where naval divers would use a prolonged saturation technique. As a
result, there are no naval standard procedures to gui dethetreatnent of DCSoccurring
before surfacing fromthese deep “bounce” dives. Mny firnms use a conplex set of
reconpression tables to treat the diver without commtting himto full saturation.
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Experi ence has shown that in many cases this kind of manipulation results in
recurrence of DCS. The partici pants agreed that in npbst cases of this sort, it would
be better to reconpress to the depth of synptomatic relief and return the diver to
the surface on a saturation deconpression schedule. In saturation diving, DCSis
treated by m ni mal reconpression, but the Royal Navy consultants reconmend 30 to 60
ft of added depth w t hout speci al breathi ng gases, whil e US Navy practice favors | ess
depth, with oxygen-rich mnixtures.

Inthe end, the choi ce of therapeutic conpression profile accordingtothe antecedent
di ve was the area in which concensus was achi eved by the workshop. An outline of
t he agreed approach (see appendi x) was endorsed “for gui dance” by representatives
of the EUBS and the Association of Diving Contractors. One point on which opinion
was unani nous was that reconpression should absol utely never be undertaken in the
wat er .

Wi | e ot her specific components of treatnment were di scussed i ndividually, there was
mar kedly | ess uni form ty of opinion. The interchange served to enphasi ze t he rat her
gl aring | ack of convi nci ng evi dence, of the sort requiredin other areas of medici ne,
to support the use of many of the ancillary therapeutic agents. The participants
agreed that there was a |l ack of controlled formal clinical trials. It was suggested
that acentral casereporting systemwoul d al so be hel pful inthe eval uation of vari ous
nodes of treatnent.

Drugs The use of various ancillary drugs was advocated for nearly all cases of DCS
by the French representatives. Qhers rarely used any, particularly inthe offshore
setting. Mbst of the practitioners present used one or nore drugs such as dextran
and gl ucocorticoids only in severe cases. Dextran was recomended by nost, al t hough
it, likeall the other agents di scussed, i s not backed up by controlledclinical trials
involving DCS. Its properties and use in other diseases were reviewed. Although
dextran-40 (40,000 nol ecul ar weight) is the nost wi dely used, there was di scussion
of the relative merits of dextran-70. Sone potential advantages were clained for
dextran-70, for exanple, longer persistence in the circulation and greater anti-
pl atel et effect. One potential di sadvantage of dextrans is the tendency to inhibit
bl ood coagul ati on. This was said to occur, however, only when a dose of two or nore
litres was exceeded in 24 hours. One participant felt that this possibility contra-
indicated its use in DCS of the inner ear. Specific indications and dosages coul d
not be agreed upon.

A ucocorticoids were nentioned by sone discussants for use in DCS of the central
nervous system particularly in the absence of satisfactory initial response to
reconpression. The rational e involves reduction of oederma in the affected areas of
the spinal cord or brain, or the preservation of ischemc cells. This use of
gl ucocorticoids is based primarily on inference fromother clinical applications.
The dosage suggested by its advocat es was 10 to 12 ng of dexamet hasone i ntravenously,
foll owed by mai nt enance over as |ong as three days, using about eight ng every six
hours. This is simlar to the reginen used for cerebral oedema in brain tunor
pati ents. Onthe other hand, one nmenber of the group cited studi es in aninmal surgical
shock nodel s, which showed that the beneficial effect of protecting hypoxic cells
required doses of steroid many tinmes greater. There was no concensus on the
i ndi cati ons or dosage for steroids in DCS.

Hepari n has been used occasionally in severe DCS, based on a few ani mal experi nents-
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in the absence of clear evidence of efficacy in human DCS, the potential risk of
henorrhagi c conplications at thesite of thelesion(eg, central nervous system inner
ear) discourages its use.

Asprinwas endorsed by the French representati ves for all cases of DCS. O hers poi nt ed
out that there was evidence only for a prophylactic effect in animals, and no
denonstrated value in treatnent beyond nild anal gesi a.

Di azepamwas said to be used frequently by the French, but apparently only as a non-
specifictranquilizer. Oneparticipant alsonotedits specific effect of suppressing
the synptonms of vestibular damage. |t could thus be used after treatnment failure
i ninner ear DCS, but shoul d not be al |l owed to obscure the response to reconpressi on.
A fewother | ess inportant drugs were al so di scussed and not endorsed by the group.

The aftercare of DCS patients was al so considered. In cases of inner ear damage,
foll owup with audi onetry and el ect ronyst agnogr aphy was enphasi zed, since evenwith
conpl ete | oss of | abyrinthine function, synptons may resolve within a fewdays. In
the case of residual spinal cord damage, repetitive hyperbaric oxygen therapy was
recomended by sonme. It was agreed that daily treatnent could be continued as | ong
as it was acconpani ed by steady inprovenent.

The participating doctors were asked to describe the kind of assistant they would
like to have in an offshore treatnent chanber in the absence of a doctor. Despite
lively discussion there was no concensus on either the type of training required or
even the scope of nedical procedures which should be required of the assistant.
Suggesti ons ranged fromdi vers with advanced first aidtraining, tofully- qualified
Physician’s Assistants. All agreed that inproved tel ecomuni cati ons were needed
bet ween an offshore facility and the doctor ashore, and that a personal rapport
bet ween doct or and assi stant was nore i nportant than the | evel of qualification of
t he assistant.

continued from page 63 ..

5.3 Any deterioration of the patient during the conpression following a
t herapeuti c conpression should be treated by further conpression to the
depth of significant relief.

5.4 This outlineis for guidance only since it cannot predict every situation

and sone differences of opinion may still exist on details of treatnent
bet ween nedi cal practitioners experienced in this field.
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APPENDI X

THE CHO CE OF A THERAPEUTI C COVPRESSI ON TABLE | N RELATI ON TO THE CAUSATI VE DI VE ( AS
RECOMVENDED BY REPRESENTATI VES OF THE EUROPEAN UNDERSEA Bl OVEDI CAL SOCI ETY AND THE
ASSCCI ATI ON OF DI VI NG CONTRACTORS, LONDON, FEBRUARY 1976)

1. Ai r diving

Deconpressionillness arisingat the surface follow ng air or oxy-nitrogen di ves
(of a duration | ess than saturation) should be treated in accordance with one
of the follow ng procedures:

1.1 |Imediate Treatnent (If Not Life-Threatening)

i Conpress chanmber with air, breathing oxygen fromthe surface to 60 ft

(18m

ii. At 10 mns review

if |inb-bends cured - USN 5 or RN 61

- if serious synptons cured - USN 6 or RN 62
- if inproving - remain at 60 ft (18m) and at 45 mins review
- if cured - USN 6 or RN 62
- if not cured - USN 6 with extra oxygen sessions
- if synptons worsening - off oxygen and conpress to 165 ft (50nm) AR
- if onarrival at 165 ft (50m |inmb-bend is cured, use USN 2A (RN
52) but for all serious manifestations use USN 4 (oxygen at
shal | ow st ops conpul sory for patient and attendants) or RN 54.
- French-trai ned divers would tend to use 30moxygen-rich rather

than 50mair tables.

1.2 Imediate Treatnent if Life-Threatening or if Cerebral Air Enbolismis
Suspect ed

Proceed direct to 165 ft (50n) AIR Do not spend tinme on oxygen at 60 ft
(18nm).

For air enbolismthe US Navy now use tabl e 6A, but Royal Navy experience
favours a version of USN 4 (RN 54) using a continuous rate of ascent (18
to 10mat I mhr, and 10mto surface at 0.5m hr) in pl ace of stoppages from
conpletion of 6 hrs at 18m

1.3 Treatnent After Sone Fi ve or More Hours’ Del ay Bet ween Onset and Conpr essi on

Use USN6 (RN62) withextra oxygen sessi ons as needed. Frenchtrained divers
al so woul d use 18moxygen tabl es but with a 30moxygen-rich optionif there
is norelief after 15 mins.
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2.

Saturation Diving

2.1 Treatnent During Saturation Deconpression

For the onset of deconpression sickness during a slow saturation
deconpressi on breat hing oxy-heliumor other nixtures, conpress at 5 ft/
mn (or 2mmin) to depth of significant relief, but by not nore than 2 bar
(60 ft; 20m for pain-only linb bends and by not nore than 3 bar (100 ft;
30m for serious deconpression sickness, inner-ear nmanifestations in
particul ar.

It isworth noting that the onset of inner-ear deconpressi on sickness may
be associated with a recent switch from helium to air during the
deconpression. |f conpression is required in these circunstances, the
patient should be returned to an oxy-heliumatnosphere. For this reason
al one, when the change to air is nade, it is advisable to keep one of the
chanmber conpartnents not being used by the divers at the tine filled with
oxy-helium Thus it is imediately avail able for any necessary treat nent
during the period followi ng the change to air.

Remai n at that depth for a m ni mumof 2 hours and possi bly 6 hours. Oxygen-
richmxtures (1.5to0 2.5 bar O) may be breat hed for upto six 20-m n peri ods
with 5-min intervals on chanber atnosphere.

Resunme saturation deconpression fromtreatnment depth, but with initial
upwar d excur si on.

2.2 Excursion Diving From Saturation

Fol | owi ng an excursion, inmredi ate conpression is necessary to the depth
of relief. This depth may be | ess than the depth of excursion, but for
serious synptons it should be not |ess than 3 bar.

Rermain at the treatment depth for a mninumof 2 hours, for as long as
i mprovenent occurs and possibly for as |ong as 24 hours.

Oxygen-enriched m xtures may be used (as in 2.1). Initiate saturation
deconpression fromtreatment depth, but with noinitial upward excursion.

Oxy- Hel i um “Bounce” Diving

Deep oxy-heliumdives fromthe surface, with a bottomtime of relatively short
duration, which | ead to deconpression sickness during the course of, or soon
after, a deconpression nmore rapid than used for saturation diving.

3.1 Onset of Deconpression Sickness at the Surface

Br eat he oxygen by mask fromthe surface and conpress chanber with air to
60 ft (18m. If cured or inproving after 10 minutes, continue oxygen
treatnent as detailed in paragraph 1.1.

I f condition not inproving at 10 nmi nutes, di scontinue oxygen and conpress
chamber to depth of relief, using pure helium (This incom ng gas nust
be wel | - m xed, perhaps by venturi, with the chanber atnosphere of air and
the divers should breathe an oxy-helium mxture by mask during the
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conmpression until mxing is conplete.)

If the condition is serious at the surface, conpress to 60 ft (18m with
air but do not stop at 18m Continue on heliumto depth of significant
relief.

| deal Iy, the chanber should have a partial oxygen pressure of about 0.4
bar at all tines, the diver breathing a higher-oxygen m xture by mask (as
in2.1), as needed. (The upper Iimt of oxygen in the chanber atnosphere
shoul d be 0.6 bar). Sincethe chanber contained 2.8 bar air and was furt her
conpressed using 100% helium the chanber atnosphere will have a parti al
pressure of oxygen of about 0.6 bar, whatever the depth of relief.

O her et hods of achi evi ng an accept abl e at nospher e are possi bl e, but need
to be carefully planned in advance.

Remain at |least 2 hours (as in 2.2), after which deconpressi on shoul d be
initiated on a saturationtable, but wwthnoinitial upward excursion. For
gui dance the follow ng rates may be used:

deeper than 100m 1.5n hr
100 tol0m 1. O hr
10mto surface O.5m hr

3.2 Onset of Deconpression Sickness During the Original Deconpression

- | mredi ate conpression to the depth of relief and, if relief is not
achieved, to at least the full depth of the dive.

- Remai n at | east 2 hours, optional oxygen-enriched breathing m xtures
(as in 2.1 and 2.2)

- Begi n saturation deconpression from treatnent depth, but with no
initial upward excursion.

Uncontroll ed Ascent (Blow Up) to the Surface

The unschedul ed surfacing of a diver is hazardous at all times but especially
so if he has not conpleted all the necessary stoppages.

ONE MUST ALWAYS BE PREPARED TO COVPRESS THE DI VER, | MVEDI ATELY UPON SURFACI NG,
IN A CHAMBER TO THE FULL DEPTH CF HI S DI VE, AND, |F NECESSARY, TO DECOVPRESS
ON A SATURATI ON SCHEDULE.

Notes for all O asses

5.1 Attentionnust bepaidat all tinestopreventing pul nonary oxygentoxicity.
A UPTD (unit pulnonary toxicity dose) of 615 (equivalent to a reversible
2% decrement of vital capacity) should not be exceeded, thus allow ng
| atitude for any further treatnent.

5.2 The rate of deconpression should be deternined by the condition of the
patient, synptons usually being a nore sensitive gui de t han outward si gns.

conti nued on page 60.
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