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Abstract

There are good reasonsto believe, from both animal
experimental dataand human studies, that lignocaine, given
alone or in combination with hyperbaric oxygen, should
improve the outcome of acute neurological decompression
illness (DCI). The evidence supports the hypothesis that
the cases in which there is brain involvement will benefit
particularly. Unfortunately, itisonly in asmall minority of
cases of DCI that there is overt evidence of brain
involvement. Since DCI is, in any case, a rare disease,
studying the potential benefit of lignocaine in a human
population will require a multi-centre approach and alarge
number of centreswill be needed if aresultisto be reached
in areasonable time. The logistics of reaching an agreed
protocol and coordinating the trial will be considerable.
However, such constraints do not render clinical studies of
this kind either impossible or impractical. My colleagues
and | believe that it is possible to conduct a randomised,
double-blinded trial of lignocainein acute neurologica DCI.

What will be more difficult will be to find awilling
funding agency. The original proposal for this study wasto
be funded by the US Navy. Unknown to us at the outset, it
isarequirement of USlaw that all studiesfunded by the US
Department of Defense that involve human volunteers must
provide for informed consent before the volunteer’s entry
intothetrial. Sincethe study population isrequired to show
evidence of brain disease, which renders the individual
incapable of giving informed consent, thiscondition cannot
be met. Asdiversdo not always dive with their next of kin
or legal representative, and because the treatment of DCI
should not be delayed so that such a person can be contacted
and asked to consent, it isimpractical to attempt this study
using USNavy funding. With any luck, an alternative source
of funding will be found. In the meantime, the study is on
hold.

Introduction

A workshop sponsored by the United States Special
Operations Command (USSOCOM) and conducted by the

Undersea and Hyperbaric Medical Society (UHMS) at its
meeting in Anchorage, Alaska on 30 April 1996 examined
the management of diving casualties in the tactical Special
Operations environment.l Several issues with respect to
the treatment of decompression illness in these operations
emerged during the workshop. Among these was the issue
of adjunctsto recompression therapy.

Most commercia and military diving operations are
conducted so that any victim of DCI can be recompressed
rapidly. When treated without delay, the success rate for
treating these casualties has been reported by several authors
to be over 95% for asingletreatment.2*4 However, Special
Operations are often conducted in remote areaswhere there
may be considerable delay in access to recompression
facilities, with an accordingly higher probability of severe
or refractory disease as aresult.

It would be of great benefit to have a medication
which would relieve some of the negative impact of delays
inherent in remote military operations. Equally, in civilian
life, atreatment that could slow the progression of disease
during transit to a compression chamber would be of value,
particularly when the transit time is great. Lignocaineisa
widely used drug with the potential to have this effect.
However thereis, as yet, no evidence from human clinical
studiesof itsefficacy in DCI. Thisispart of alarger problem
in the management of DCI. Despite morethan 150 years of
observation and study, the diagnosis of DCI isbased entirely
on the patient’s history and examination, and treatment is
limited to the provision of adequate hydration and largely
empirical hyperbaric oxygen protocols.>6 To date, no
randomised, blinded, prospective trial of any therapeutic
intervention for DCI has been reported in the literature.

There are many reasons why thisisthecase. DCI is
arare condition. World-wide there are probably no more
than 5,000 cases ayear. Treatment is commonly provided
by hyperbaric units that receive fewer than 100 ayear. Of
those cases, only asmall minority have serious neurological
manifestations. Consequently, for any prospective clinical
trial of the management of serious neurological DCI to be
completed in areasonable time, more than one hyperbaric
unit needs to be involved. With units being separated by
distance and, not infrequently, language it is hardly
surprising that the logistic difficulties of organising amulti-
centre trial have proved to be considerable.

In 1998, USSOCOM agreed to fund a proposal to
determine if it is feasible to conduct a randomised,
prospective, double-blinded trial of lignocaine in the
management of acute neurological DCI. | undertook this
study with Dr Ed Thalmann of Duke University and this
report isa summary of our deliberations and conclusions.
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The potential benefit of lignocaine

There is good evidence that the class 1b anti-
arrhythmic agent and local anaesthetic lignocaine may
ameliorate the effects of bubble embolism to the brain.
Evans et a. using a feline animal model were the first to
show that lignocaine given prophylactically in clinically
relevant doses preserves neuro-electrical function after
arterial gasembolism (AGE).” Subsequent in vivo studies,
employing a variety of gas embolism protocols, have
demonstrated that lignocaine preserves neuro-electrical
function and blood flow;8-10 reduces the extent of cerebral
oedema and lowers intracranial pressure.11-13 There have
been similar findingsin models of focal and global cerebral
ischaemia 14-17

Possible mechanisms whereby lignocaine causes
these observed effectsincludeinhibiting the transmembrane
ion shifts that occur early in neuronal ischaemia;18-22
reducing the cerebral metabolic rate;23:24 modulation of
leucocyte activity and reducing the release of ischaemic
excitotoxins.2>-34

Because of the considerable body of evidence for
believing that lignocaine may be beneficial in the
management of DCI, it hasbeen used at anumber of centres
although in a somewhat haphazard manner. The results of
two such interventions have been published as case studies
and, although anecdotal, these provide some evidence that
lignocaine at least has no detrimental effects.3536 Showing
efficacy, however, will requireaformal study. Of the many
potential candidate drugs for consideration in the
management of acute neurological DCI we feel that
lignocaine offers the best chance of success at the present
time,

Study population

In the First World, the standard of care for the
management of acute DCI isrehydration, recompression and
the provision of oxygen. There are a considerable variety
of protocolsfor thedelivery of these agents.® Sinceit would
beimpossiblefrom an ethical perspectiveto deny First World
victims of DCI aconventional recompression protocol, any
investigation of the efficacy of lignocaine on this population
must be asan adjunct to recompression and oxygen. Clearly,
for this approach to be successful, every effort will haveto
be made to ensure that the hyperbaric limb of thetrial isas
consistent as possible between participating units.

An alternative approach would be to investigate the
efficacy of lignocaine in a population of diverswho do not
normally have access to recompression facilities. Such an
approach would evaluate the drug in a situation that closely
resembles the likely scenario to which USSOCOM forces
may beexposed. Thereare substantial populationsof diving
fishermen on the M osguito coast of Central Americaandin

the Far East who do not routinely have access to
recompression facilities. However, the political, logistic and
ethical difficulties in conducting such a study render this
option impractical at present.

Participating centres

A major part of the feasibility study was to identify
centres that would be willing to take part in the study. The
criteriathat such centres should satisfy are:

1 Willing to comply with a standard therapeutic
protocol (see below).

2 Appropriate ethical supervision of clinical protocols.
3 Willing to complete and submit the documentation
in atimely fashion.

4 Availability and cost of monitored beds (if necessary).
5 Willing to follow up patients.

We decided at the outset that, in order to make
communication as easy as possible, only English-speaking
countries would be considered. We approached a number
of centresin the USA, UK and the Antipodes and Table 1
shows the caseload of those centres that fulfilled the above
criteria. As will be discussed later, another important
consideration isthat the more centres that are involved, the
more difficult the coordination of the tria is likely to be.
Ideally asmall number of centres, each with alarge casel oad,
would be involved.

TABLE 1
ANNUAL ACUTE NEUROLOGICAL DCI CASES

WITH EVIDENCE OF CEREBRAL
INVOLVEMENT AT POTENTIAL PARTICIPATING

CENTRES
Unit Yearly Suitable
cases for trial
Townsville 90-110 20-30
Melbourne ~80 ~20
West Palm Beach 75-90 10-20
INM, Alverstoke 50-70 10-15
Plymouth 35-50 10-15
Poole 50-60 10-12
Aberdeen 15-30 59
Miami 50-70 5-7
Sydney 50-60 5-6
Honolulu 60-80 4-5
Fremantle ~30 4-5
Adelaide 20-25 4-5
Christchurch 30-40 35
Taverner 20-40 2-4
Auckland 50-60 2-3
Brisbane ~20 2
TOTALS 725-915 106-163
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Criteriafor entry into thetrial

It is important that only cases of DCI are entered
into thetrial. Consequently no patient with alatent interval
of more than 24 hours from completion of the last dive and
the onset of manifestations of DCI should be admitted
because the diagnosisis likely to have an element of doubt
associated with it. Equaly, there is no point in admitting
cases in which there has been an apparently complete
recovery, since it would be impossible to score any
therapeutic benefit. This could be taken one step further,
with a minimum score being set as an entry criterion.

Another potentially confounding factor is the delay
totreatment. Thisvariesenormously between centres, with
those in the UK generally having the shortest delays and
thosein theAntipodesthelongest. We did not consider that
it would be appropriate to exclude cases based on delay to
treatment. Not only isthere no recognised cut-off at which
treatment has been shown to be ineffective, such a policy
could potentially exclude a large proportion of cases.
Instead, it may be necessary to stratify cases, based on delay
to treatment, when the time comes to analyse the data.

Thejustification for using lignocainein DCI isbased
on its effects on the brain. It is therefore considered
necessary that there should be at least one manifestation
that isreferabletoinvolvement of thebrain, such asahistory
of loss of consciousness; sensory or motor |oss compatible
with acortical lesion, perturbation of any specia senseand
any positivefinding on the mini mental examination. Since
involvement of the brain is relatively uncommon in DCI,
this requirement will necessarily limit the number of cases
that can be entered into the trial.

The contra-indications for the use of lignocaine will
also exclude potential cases from inclusion. Theseinclude
known sensitivity to the drug, known pregnancy or liver
disease and patients taking calcium channel blockers. In
addition, patients who have treated themselves with or who
have received a non-steroidal anti-inflammatory drug
(NSAID) or a steroid preparation (other than using an oral
inhaler) should be excluded on the grounds that they have
been used therapeutically in DCI and may confound thetrial.

In those centres that require patients receiving
lignocaineinfusionsto bein amonitored bed (in ICU, CCU
or equivaent), if no such bed is available, no patients can
be entered into the trial until abed isfree.

Potential clinical protocol

Although developing a detailed method was not an
objective of our study, we did need to consider in outline
how such a study might be undertaken. We were greatly
helped in this regard by Dr Simon Mitchell who had
developed a detailed protocol while working in Auckland.

The main stepsin the clinical protocol would be:

1 Patient arrives at treating facility and appropriate
stabilisation measures are instituted.

2 History and physical examination are completed using
standard forms.

3 Determination made asto whether the patient meetsthe
entry criteria.

4 If entry criteriaare met and informed consent obtained,
the patient is entered into study.

5 1V infusion started and blood samples for specified
clinical tests drawn.

6 Drug administration isbegun just before recompression
at rate specified in the protocol. Subject and al treating
personnel are blinded as to whether they are
administering lignocaine or placebo.

7 Recompression protocol started.

8 Blood for lignocaine level drawn 8 hours after IV
infusion was begun.

9 Recompression protocol completed, lignocaineinfusion
is continued for 24 hours from the start of infusion, then
stopped.

10 Patient isreassessed 12-24 hours after initial treatment.
Follow on treatments conducted as appropriate.
Lignocaine is not administered during follow up
treatments.

11 Patient’s condition at dischargeis recorded.

12 Patient follow upinterviewsto be conducted at oneweek,
one month and one year after discharge.

Severity and outcome measures

In preparing his protocol, Dr Mitchell recognised that
aformal system wasrequired to scorethe severity of disease
and the extent of recovery from DCI (i.e. trestment outcome).
Thisis particularly important since there is no quantitative
or even qualitative clinical test for the condition. The score
that results from the application of such a system must be
demonstrated to correlate with clinical or other indices of
severity. In addition, for such a system to be useful in a
multi-centretrial, it must be shown to be applied consistently
between observers. Mitchell et al. published such ascoring
system in 1998.37 Although the scoring system is
mathematically quite complex, it lends itself to being
processed on a spreadsheet program. In terms of the
information required from the examining physician it is
remarkably simple. Each manifestation is allotted a value
of 0-3: 0 = nil; 1 mild; 2 moderate; 3 severe. Another
advantage of the systemisthat it iscomprehensivein that it
addresses all the potential manifestationsof DCI, rather than
focusing purely on those involving the nervous system.
Finally, the system takes account of important characteristics
of each manifestation: how specific it isto DCI; its natural
history; its potential to incapacitate the victim and whether
other manifestations are co-dependent oniit. Inthisrespect,
it is considered to be the best system yet developed and
appropriate for use in this study.
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Since it was published the scoring system has been
validated by Holley, who retrospectively scored 100
consecutive admissionswith DCI to theAuckland hyperbaric
unit.38 He used the number of hyperbaric treatments the
patient received as an index of severity and correlated this
against the severity score on admission. He found alinear
correlation coefficient, r, of 0.8. Using a score of 25 as a
cut-off, he found that 77% of those with a score above 25
(more severely affected) wereleft with residuaor devel oped
sequel ag; 89% of those scoring 25 or less had no residua or
sequelae. It appears that the scoring system does represent
avalid means of quantifying the severity of disease.
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There has been no attempt so far to assessthefidelity
of the scoring system between observers. While it would
be possible to undertake such an assessment using case
studies, it would be a less convincing test than using the
scoring system live with two observers scoring the same
patient independently. The reason being that in a multi-
centre trial the scoring system would have to be used live,
case study information having already been filtered by the
examining physician. We feel that such atrial would have
to be undertaken before the scoring system is used in a
clinical tria of lignocaine.

Diagnosis Compress to Assess after
Acute q 60 ft (18 m) ) 20 minutes
Neurological breathing (end of first

DCI Oxygen oxygen period)

Compress to
100 ft (30 m)
convert to
50:50 Heliox

v

Decompress

using COMEX
Table 30

b Y © S

Decompress
using USN
Table 6
(RN 62)

¢—vYes

Patient

deteriorating
2

Continue USN
Table 6
(RN 62)

v

Assess after
20 minutes
(end of second
oxygen period)

No —Pp»|

Have the
manifestations

resolved?

l

Assess at
end of the third

oxygen period

No

v

Extend USN
Table 6
(RN 62)

Figure 1. Outline recompression protocol for a multi-centre trial of lignocaine in the management of acute DCI
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Subsequent patient evaluation

In the outline protocol it is proposed that patients
should be re-evaluated one week, one month and one year
after discharge. Thisislikely to be difficult to conduct in
centresin which alarge proportion of the caseload istourists.
Potential solutions to this problem are to consider follow
up by telephone or for patients to be followed up by their
family physician, who consults the original treating centre
as necessary.

Proposed hyperbaric protocol

In discussions with the various units we visited it
was apparent that one protocol, with small variations, is
predominantly used. Thisisthe USNavy Table 6 (RN Table
62), with extensions at 18 and 9 m as determined by the
treating physician and based on the response of the patient.6
Almost universally the patient is assessed at the completion
of thefirst or second oxygen period at 18 m and, only if the
patient isdeteriorating or hasvery severe static neurological
manifestations, is he or she transferred to a deeper table.
Again, amost universally, the deeper table selected is the
COMEX 30 table with the patient breathing a 50:50 heliox
mixture while deeper than 18 m.6 It isthereforelikely that
the hyperbaric protocol, subject to the agreement of the
participating units, will be something along the lines of
Figure 1.

For repeat treatments, thereisawide disparity in the
protocols used. However, most centres expressed a
willingness to be flexible. In many centres, if there are
residual motor signs, the first re-treatment is a further US
Navy Table6 (RN 62). Inthe absence of motor signs, or for
subsequent treatments, ashort, shallow oxygen tableisused
almost universally and thismay beaUSN Table 5 (RN 61)
or a 60-90 minute soak at various depths (2.0-2.8 bar) on
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Table 66 (Table 2) would be appropriate. When using this
table, the attendant should breathe oxygen for the final 20
minute oxygen period and the ten minute ascent to the
surface. There was consensus with the view that re-
treatments should continue on a once- or twice-daily basis
until thereisno further sustained incremental improvement
in the residual manifestation(s).

Number of cases and controls

In order to justify the study we must determine
whether or not therewill be sufficient patientsto either accept
or rgject the null hypothesisat acertain level of confidence.
The null hypothesis (HO0), isthat lignocaine has no effect on
the outcome of acute neurological DCI. If wereject HOwe
want to be 95% sure that the rej ection was not due to chance
aone, that is there is only a 5% chance that the HO was
rejected when it is actualy true. This means we want the
Type 1 error to be 5% or less. We must also be sure that we
do not accept the null hypothesis when it is in fact false.
This Type 2 error is usually set at 20% for most medical
studies. If the Type 2 error is 20% the power of the study is
80%. The appropriate formulais:

X1— X2

sd

I ey (1)

where:
Z,= Z scorefor 5% Type 1 error (1.96)
Z,= Z score for 20% Type 2 error (-0.845)

x,= Mean score for control group

X, = mean score for lignocaine group
n, = Ny = number of subjectsin each group
sd= Standard deviation of scores

Equation 1 iseasily solved for n, the number in each

oxygen with aslow (10-30 minute) bleed to the surface. In  9roup: _ 2
the interest of consistency it will be desirable to specify a n= =) 2
re-treatment protocol and a table such as the Royal Navy _nox)
sd( (Z.—Zp) @)
TABLE 2

ROYAL NAVY TREATMENT TABLE 66

Gauge Depth Stops/Ascent
in metres of seawater in minutes
(feet) (breathing mix)
14 (45 fsw) 30 (09)
14 (45 fsw) 5 (AIr)
14 (45 fsw) 30 (09)
14 (45 fsw) 5 (AIr)
14 (45 fsw) 20 (09)
14-0 (45 fsw-0) 10 (09)
Surface

Elapsed Time Rate of Ascent
(hour s and minutes) msw/min
(fsw/min)
00:00 — 00:30
00:30 — 00:35
00:35 - 01:05
01:05-— 01:10
01:10- 01:30
01:30— 1:40 1.4m (4.5 fsw)

01:40
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Sincethe standard deviationisnot known we usetherelative

mean difference (x,-x,) toestimatethesizeof theeffect.
sd

The convention isthat if the relative mean differenceis0.1

or lessthereisno effect. If itis0.3 thereisadight effect,

0.5 amoderate effect, and if it is 0.9 thereis alarge effect.

Substituting these values for Z we obtain table 3.

TABLE 3
NUMBER OF SUBJECTS REQUIRED

Relative mean Number of subjects

difference in each group
0.1 1,574
0.3 175
0.5 63
0.9 18

Lignocainelevels

In Dr Mitchell’s original protocol, he proposed that
a plasma lignocaine level be taken at 8 and 24 hours into
theinfusion and theinfusion rate adjusted accordingly. The
reasons for this were;
a To avoid toxicity and
b. To ensure that the blood level wasin the therapeutic
range.

For those receiving the placebo, a system of sham
results should be in place whereby the reporting |aboratory
would report a value determined by the investigators.

In discussing this with the centres visited, it rapidly
became apparent that the measurement of plasmalignocaine
levels was not a routine procedure and many laboratories
would be unable to process samples in a timely fashion
unless an analytical kit were provided. In other instances
the sampleswould have to be sent to areference laboratory.
Either option would be expensive and the latter would &l so
be time consuming to the point that it may not be possible
to use the resulting data while the infusion wasin progress.

In ng why measurement of thelignocainelevel
should be undertaken we concluded that acheck isnecessary
to ensure that patients who were supposed to receive the
drug did so and those who were not supposed to did not. It
was the experience of anumber of centresthat theinfusion
rate proposed, a pump-controlled bolus of 0.5 mg/kg over
20 minutes followed by 120 ml of a2 mg/ml solution (240
mg) over the next hour, 60 ml (120 mg) over the next hour
and 45 ml (90 mg) per hour thereafter, invariably resultsin
atherapeutic dose in the otherwise healthy young patients
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that are representative of the diving population. Equally,
an infusion lasting only 24 hours is unlikely to result in
lignocaine toxicity. It is therefore considered appropriate
that asinglelevel should betaken just beforetheinfusionis
discontinued and that these samples be frozen and batched
for processing at areference laboratory.

Ethical clearance

For thistrial to work each centre must conform to a
single protocol. Ethical approva for the protocol would
have to be granted not only by the US Navy but the human
use committees of each participating centre. We do not
underestimate the difficulty involved in getting such
approval. Itwill beconsiderableand will increasewith each
centrethat isadded to the protocol . Although theinstitutional
ethics committees at the centres visited offer a processing
time of between one and two months, it is inevitable that
some rewording, additions or deletions of thefirst draft will
be required to satisfy many of them. Potentialy, some of
these will be conflicting. The result is likely to be a
protracted process of seria revisions, each requiring aslong
as the slowest review body takes to complete the process,
until afinal draft isagreed, assuming that thisispossible. It
isconsidered that aperiod of no lessthan six months should
beallowed for thisprocessand longer if morethan six centres
participate.

Informed consent

In the course of discussing an outline protocol with
a number of centres it became apparent that the study
contained a potential ethical issue. Asthe justification for
studying the use of lignocaine in the management of DCI is
based on its effects on the brain, it is almost certainly
necessary to require evidence of involvement of the brain
in the subjects. If there is evidence of brain dysfunction,
can patientsgiveinformed consent to participatein thetrial ?

Having consulted the director of the US Navy
Clinical Investigation Program, the answer to the question
is“No.” Furthermore, thereisasection of the United States
Code (No. 10 USC 980) which reads: “ Funds appropriated
to the Department of Defense (DoD) may not be used for
research involving ahuman being as an experimental subject
unless (1) theinformed consent of the subject isaobtainedin
advance; or (2) in the case of research intended to be
beneficial to the subject, theinformed consent of the subject
or a legal representative of the subject is obtained in
advance.” Thisrequirement isimperative, non-negotiable,
and can not be waived. If gaining the patient’s informed
consent isnot possible because the patient has brain disease,
this would jeopardise the US DoD funding such a trial.
Furthermore, 10 USC 980 precludes any DoD study from
attempting to invoke legislation known as 21 CFR 50.23,
which was written precisely to allow these types of
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emergency studies, with minimal timeto contact third party
consent relatives, to proceed without specific informed
consent of the subjects.

We briefly considered the possibility of gaining
informed consent from divers prior to their undertaking the
divethat causes DCI. It would require aherculean effort to
approach, let alone gain the consent of just the estimated 5
million diversin the USA. It would be equally difficult to
recruit thosewho hail from Canada, the UK or theAntipodes.
The problem is that there are numerous umbrella
organisations for divers and many divers belong to no
organisation whatsoever. This idea was therefore quickly
rejected. It would be equally difficult to try to gather the
consent of a partner, parent, legal guardian or legal counsel
who could provide consent on the patient’s behalf. Except
for married divers who choose to dive with their spouse (a
very small minority of the sports diving population) it is
most unlikely that anybody who could consent on the
patient’s behalf will arrive at the hyperbaric unit with the
casualty. Sinceacuteneurological DCI representsamedical
emergency, delaying treatment while attempting to contact
such a person by telephone would be unethical. The
provisionsof 10 USC 980 have halted thisstudy initstracks
and precludesit being funded by the USDoD. However, in
all other important respects, wefeel that the study is perfectly
feasible although it will be difficult and expensive to
undertake.

Conclusions

At the outset of this study we predicted that the most
difficult part of this study would be to find suitable
participating centres. This turned out not to be the case.
There is clearly much enthusiasm for conducting
randomised, double-blinded trials in DCI. There are,
however, substantial hurdles that will have to be overcome
to see such a project through to fruition. Many of these
arise because of the need to involve alarge number of centres
if resultsareto beavailablein areasonabletimeframe. The
logistics of reaching an agreed protocol and coordinating
thetrial will be considerable, particularly if theentry criteria
tothestudy arerestrictive, asthey areinthiscase. However,
these constraints do not render clinical studies of thiskind
either impossible or impractical. We believe that it is
possible to conduct a randomised, double-blinded trial of
lignocaine in acute neurological DCI.

A difficulty, which | have not covered, is that this
trial will bevery expensiveto conduct and, giventhelimited
number of organisationswith deep pocketsthat arelikely to
fund such research, thiswill limit the rate of progressin the
future. An important funding organisation in diving
medicineisthe US Navy. Thelimitation to getting thisstudy
funded by the US Navy turned out to be the constraints
placed by the US Congress on how the DoD conducts its
clinical research. Thisconstraint isunlikely to be removed
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inthenear term, if ever. Thus, if clinical studiesof thiskind
areto befunded by the US Navy, there must be no difficulty
with obtaining proper informed consent. Alternatively, a
more liberal source of funding will have to be found.

References

1 Butler and Smith DJ. Eds. Tactical management of
diving casualties in special operations. 46th
wor kshop of the Undersea and Hyperbaric Medical
Society. Kensington, MD: UHMS, 1997

2  Workman RD. Treatment of bends with oxygen and
high pressure. Aerospace Med 1968; 39: 1076-1083

3  BayneCG. Acute decompression sickness: 50 cases.
JACEP 1978; 7 :351-354

4  Gray CG. A retrospective evaluation of oxygen
recompression procedures within the US Navy. In
Proceedings of the VIII Symposium on Underwater
Physiology. Bachrach AJ and Matzen MM. Eds.
Bethesda: Underseaand Hyperbaric Medical Society,
1984: 225-240

5 Elliott DH and Moon RE. Manifestations of the
decompression disorders. In The Physiology and
Medicine of Diving. 4th Edition. Bennett PB and
Elliott DH. Eds. London: WB Saunders & Co.
1993: 481-505

6 Moon RE and Gorman DF. Treatment of the
decompression disorders. In The Physiology and
Medicine of Diving. 4th Edition. Bennett PB and
Elliott DH. Eds. London: WB Saunders& Co. 1993:
506-541

7 EvansDE, KobrineAl, LeGrys DC and Bradley ME.
Protective effect of lidocaine in acute cerebral
ischaemia induced by air embolism. J Neurosurg
1984; 60: 257-263

8 Dutka AJ, Mink R, McDermott J, Clark JB and
Hallenbeck. JM. Effect of Lidocaine on
somatosensory evoked responses and cerebral blood
flow after caninecerebral air embolism. Stroke 1992;
23: 1515-1520

9 Evans DE, Catron PW, McDermott JJ, Thomas LB,
Kobrine Al and Flynn ET. Effect of Lidocaine after
experimental cerebral ischemia induced by air
embolism. J Neurosurg 1989; 70: 97-102

10 McDermott JJ, Dutka AJ, Evans DE and Flynn ET.
Treatment of experimental cerebral air embolism
with lidocaine and hyperbaric oxygen. Undersea
Biomed Res 1990; 17 (?): 525-534

11 Murota T, Nagao S, Momma F, Nishiura T, Suga M
and Nishimoto A. The effect of lidocaine on brain
edemaand neural function. Noto Shinkei 1987; 39:
915-921

12 Nagao S, Murota T, Momma F, Kuyama H and
Nishimoto A. The effect of intravenous lidocaine
on experimental brain edema and neural activities.
J Trauma 1988; 28: 1650-1655

13 EvansDE and KobrineAl. Reduction of experimental



104

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

South Pacific Underwater Medicine Society (SPUMS) Journal Volume 32 No. 2 June 2002

intracranial hypertension by lidocaine. Neurosurgery
1987; 20: 542-547

Gelb AW, Steinberg GK, Lam AM, Manninen PH,
Peerless SJ and Rassi-Neto A. The effects of a
prophylactic bolus of lidocaine in focal cerebral
ischaemia. Can J Anaesth 1988; 35: 489-493

Rasool N, Faroqui M and Rubinstein EH. Lidocaine
accel erates neuroelectrical recovery after incomplete
global ischaemiain rabbits. Stroke 1990; 21: 929-
935

Shokunbi MT, Gelb AW, Wu XM and Miller DJ.
Continuous lidocaine infusion and focal feline
cerebral ischaemia. Stroke 1990; 21: 107-111

Sutherland G, Ong BY, Louw D and SimaAA. Effect
of lidocaine on forebrain ischemia in rats. Stroke
1989; 20: 119-122

Ayad M, Verity MA and Rubinstein EH. Lidocaine
delays cortical ischemic depolarization: relationship
to electrophysiologic recovery and neuropathol ogy.
J Neurosurg Anesthesiol 1994; 6: 98-110

Astrupeta. Increasein extracellular potassiuminthe
brain during circulatory arrest: effects of
hypothermia, lidocaine and thiopental.
Anesthesiology 1981; 55: 256-262

Lantos et a. Influence of protective drugs on the
elevation of extracellular potassium ion concentration
in the brain during ischaemia. Acta Physiol Hung
1990; 76: 49-59

Fried et al. The importance of sodium for anoxic
transmission damage in rat hippocompal slices:
mechanisms of protection by lidocaine. J Physiol
(Lond) 1995; 489: 557-565

Weber and Taylor. Damage from oxygen and glucose
deprivation in hippocampal slices is prevented by
tetrodotoxin, lidocaine and phenytoin without
blockade of action potentials. Brain Res 1994; 664:
167-177

Sakabeet al. Theeffectsof lidocaineon canine cerebral
metabolism and circulation related to the EEG.
Anesthesiology 1974; 40: 433-441

Astrupet a. Inhibition of cerebral oxygen and glucose
consumption in the dog by hypothermia,
pentobarbital, and lidocaine. Anesthesiology 1981,
55: 263-268

Giddon and Lindhe. In vivo quantitation of local
anesthetic suppression of leukocyte adherance. Am
J Pathol 1972; 68: 327-338

Goldstein et a. Influence of local anesthetics upon
human polymorphonuclear leucocyte function in
vitro. JExp med 1977; 146: 483-493

Hoidal et a. Influence of cationiclocal anestheticson
the metabolism and ultrastructure of human alveolar
macrophages. JLab Clin Med 1979; 93: 857-866

MacGregor et al. Lidocaine inhibits granulocyte
adherence and prevents granulocyte delivery to
inflammatory sites. Blood 1980; 56: 203-209

Luostarinen et al. Antithrombotic effects of lidocaine
and related compounds on laser induced

microvascular injury. Acta Anesth Scand 1981; 25:
9-11
30 Peck et al. Reduced neutrophil superoxide anion
release after prolonged infusions of lidocaine. J
Pharm Exp Ther 1985; 235: 418-422
31 Fujitani T, Adachi N, Miyazaki H, Liu K, Nakamura
Y, Kataoka K and Arai T. Lidocaine protects
hippocampal neurons against ischemic damage by
preventing increase of extracellular excitatory amino
acids: a microdialysis study in Mongolian gerbils.
Neurosci Lett 1994; 179: 91-94
32 Diaz et a. Lidocaine reduces the hypoxia-induced
release of an excitatory amino acid analog from rat
striatal slices in superfusion. Prog
Neuropsychopharmacol Biol Psychiatry 1995; 19:
943-953
33 Tayloreta. Hippocampa dlices. glutamate overflow
and cellular damage from ischemia are reduced by
sodium-channel blockade. J Neurosci Methods
1995; 59: 121-128
34 Probert et a. Sodium channel modulators prevent
oxygen and glucose deprivationinjury and glutamate
release in rat neocortical cultures.
Neuropharmacology 1997; 36: 1031-1038
Drewry A and Gorman DF. Lidocaine asan adjunct to
hyperbaric therapy in decompression illness: a case
report. Undersea Biomed Res 1992; 19 (?): 187-
190
36 Cogar WB. Intravenous lidocaine as adjunctive
therapy in the treatment of decompression illness.
Ann Emerg Med 1997; 29: 284-286
37 Mitchell S, Holley T and Gorman DF. A new system
for scoring severity and measuring recovery in
decompression illness. SPUMS J 1998;28 (2): 84-
94
38 Holley T. Validation of the RNZN system for scoring
severity and measuring recovery in decompression
illness. SPUMSJ 2000; 30 (2): 75-80

*35

AUDIENCE PARTICIPATION

ChrisAcott, Adelaide

| have two case histories. The Diver Emergency
Service, based at the Royal Adelaide Hospital (RAH)
occasionally gets calls from chambers in Thailand where
there are alot of fishermen divers. Three weeksago | was
rung asthey had adiver who was paraplegic, with no bladder
or anal control. He had presented after along delay. As
they had treated him twice with a US Navy table 6 without
improvement they rang mefor advice. | suggested that they
started him on alignocaineinfusion. Hemade afull recovery
and walked out of hospital. The other wasinthe RAH. He
had six Table 6 treatments and was still hemiparetic. He
was starting on a lignocaine infusion just before I left. It
will bevery interesting to see how hewent when | get home.
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James Francis

| have also seen this sort of Lazarus effect with
lignocaine. | think the potential iswonderful but to get it as
anindicated use of thedrug wewill haveto have sometrias
to provethat it works and, at the moment, | have got noidea
how we are going to get this expensive trial funded. We
calculated the cost of the tria, for the benefit of the US
Navy, to be around $600,000 to $1,000,000 to do.

Mike Bennett, Sydney

In view of the of storiesthat Chris has mentioned, is
it ethical to deliberately not give half of them lignocaine?
How long is that trial going to be ethical for usto do, let
alone US Navy regulations.

James Francis

| suppose if there is a steady drip of case reportsin
theliterature of thisLazarustype effect, eventually that will
provide sufficient weight of evidence for its use in DCI
becoming anindicated entity. It really dependsuponwhether
peoplelike Chrisand | write up thecases. | have not written
up either of the two that | have used lignocaine with. Are
you going to write yours up Chris? Lignocaine is used
sporadically all over the place now. One of the things |
havehad totell peopleisevenif they want to uselignocaine
they should wait and hold back and not use it until the trail
iscompleted. Some people useit amost routinely now and
as soon as that becomes the case, of course one cannot do
thetrial.

John Knight, Melbourne

If you are getting Lazarus type results, you are back
in the situation of the early antibiotics. Nobody ever did a
controlled trial of streptomycin in tuberculosisor penicillin
ininfected wounds. Theresultswere so different from what
had been happening before that it would have been unethical
not to treat the patients.

James Francis

That istrue but out of date. Inthe UK we have the
National Institute of Clinical Excellence or NICE for short.
These people review medications for use in the National
Health Service (NHS). Their decisions are evidence based.
On the recommendations of this NICE committee people
are alowed or not allowed to use drugs in the NHS. There
was no NICE committee when antibiotics were being
developed. Just aswell, but unfortunately weliveinaworld
where one cannot work like that.

David Taylor, Melbourne

Whilel was at Dukewe had acouple of severe spinal
hits where they were commenced on lignocaine within half
an hour. In one case there was no effect at al. He got
worse and we ended up saturating him.

James Francis
This is the point about doing trials. One may get
wonderful resultsreported with aparticular drug or regime,
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but very rarely are the failures reported. If one hasdone a
proper controlled trial that should come out in the wash up.

Mike Davis, Christchurch

I'd like David just to put the other side of the coin.
We have used lignocaine in about 10 divers over the last
few years in Christchurch. So far | have not seen any
enhanced benefit from its use in anyone. So | don't think
thereisany problem about the ethics of atrial of thisnature.

Mike Bennett, Sydney

Our experience at the Prince of Wales Hospital is
that one or two have some benefit. But for most thereisno
apparent changeto their course. However in most cases, we
aregiving lignocainelater than the trial was contemplating.

Barbara Trytko, Prince of Wales Hospital

| have used it in two patients who had cerebral
symptomsand were started on it before being retrieved. Both
patients did very well.

James Francis

Theproblemisthat cerebral DCI isnotoriously good
at getting better. The spinal ones often have major residua.
Another reason to need a large number of cases to show a
difference.

Drew Richardson, PADI
Isit possibleto do apilot study, scaleit down alittle
bit to make it cheaper?

James Francis

The problem is if one did that the trial would not
havethe power to answer the question. Itisnot really worth
doing a study unless there are enough cases to answer the
question. But each case costs money. The patients will
stay longer than they normally do. Additional staff will be
needed. Monitoringinfull isexpensive. A study likethisis
only worth whileif it gives clear answers.

Mike Bennett

Unfortunately the words “ pilot study” is often code
for “ 1 do not have the time, money or inclination to do the
proper job”.
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