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OUR EXPERIENCES IN HYPERBARIC MEDICINE

By

W, Cor, M, L. Wanmawan ®

Hyperbarie Oxygen therapy has been employed ot the Institute of Avintion Medicing,
Bangalore for the last 3 vears in the treatment of conditions associated with poor vxygenation of
tisses, Ower 200 cazes of peripheral artery disease, 3 of tetanus and 2 of extengive viiscular
injuries of limbs have been suceessfully treated <o far with this mode of therapy. Therupy hod not
Proved u succesz in the treatment of chronic osteomyelitia probably because of the mubility 10
mininlain antibiotic cover during the period of exposures.

Two patients of peripheral artery discase, while undergoing treaiment %ith byperbaric
oxygen, developod invelvement of ceniral Nervous System with EEG chunges.  This involvement
wits allributed 1o Oxygen toxicity. Another 2 cases developed myocardial ischaemiu 15 to 19 hours
ulier eiposure 10 hyperharic nxvpgen. One of these cases, who was found dead in his bed, showed
predenceol-a fresh thrombioksis and evidence of an old healed myocardial infaretion, Wone of
the paticnts developed toxicmanifestations in the redpiratory svatem.

Besides the rizks of oxyvgen toxicity, there are other associated problems u few of whiah
dre heat and homidity in the high pressure chamber, hearing defects in compressed air environ-
ments and likelihond of mechanical dumage 1o the ivmpunic membrones due lo repeated and
intermitlent exposures to high pressure.  Some of these problems heve been sutdied andovercome
while othiers are helng investigated.

Interest in hyperbaric medicine, ofigina- ago. (Germans wsed HBO as a thera-
ted for the first time in the 19th Century. peutic procedures for the first 1ime in 1962,
This interest was, however, walered down while the first reported use of this facility

by the observed oxvgen toxicity. Paul in Japan was made in 1963, We, in India

Bert (Jacobson et al® ). in the year 1868,

was the first worker who recopnised the
existencs of problem of Oxygen toxiciny,
Lorrain Smith (Hopkinson & Williams?® )
produced evidence of pulmanary oxygen
toxicity in experiniental animals. Exten-
sive clinical use of Hyperburic Oxygen
{HBO) dctually ‘started in  diff:rent
institutions inthe world about & decade

started work on HBO therapy at the
Institute of Awvigtion Medicine about 3
vears ago. The high pressure chamber
was originally established at the Institute
to provide emergency reatment [or cases
of decompression sickness occuring during
high altitude fiying of durlng éxposure in
some of the simulators in wseat the Insti-
tule. In early 1968, the chamber was

* Formerly ihicer Incharge, Department of high Altiode Physiology, Tistitute of Avialion
Medicing, Bangalore=17. Now Oficer Commanding, No. 12 Aforee Hospital,
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proposed Lo he put into clinical use. 3y
then, ‘enough literature on HBO  was
available 1o justify the use of this faci-
lity in ciinical praciice, A few cases of
peripheral nrtery disease were spolted in
the Locul Military Vospital, and a pilot
study on the nse of HBO therapy  was
conducted in these eases. The resulls
of  this study (Wadhawan et al 17 ),
although inconclusive, gave usen ides
that  FIBO  might be hencficis] in  the
tremtment of peripheral  artery  disease
provided it was administered in adeqguate
doses.  Another  fruitful observation
made by ux was that HBO was not as
toxic as we thought itto be. Not much
of lilerature was available onthe role
of HBO in peripheral  artery  disease,
Whatever literature was svailable. was
diszouraging.  Spurred by our inirial
observaiions. a  hold appraach 1o the
problem was made. Based partly on the
expiriences pained in the pilot study and
partly on the knowledge acquired after
perusal of the available literature; a sche-
dule of (reamment was drawn up for
peripheral “artery disease. The schedule
consisted of daily exposures 10 HBO at
2.5 atmospheres ahsolutes (ATA) for one
and half bours daily to u total number
of 36 such exposures. A close wateh on

pelmonary  functions was maintsined
throvughom  (he period  of  therapy.
Luckily, we had no adverse expericrices

and the trcatment went throush witha
reasonable suecess, Each patiect
vuludatsd once a weesl.

Wiis
I'ne paramerers
selected for this evaluation were claudi-
cation time** on 3 bicycle crgograph, skin
iemparature  and  healing of  ulcers.
Wwherever applicable. Mast of the cases
responded ' too treatment. Those'  with
trophic wlcers, which had ot shown any
sign ol improvement before commence—

CF RNIMIA

ment of therapy, healed with HBO, We
had our share of failures also.  Some of
the cases did not show any improvement,
Subsequent wmputations done jn  hese

cases  revesled an extensive  wviseolar
inveolvemenr  with wvirlual absence ol
bleeding at the time qf speration,

Obviously, the pathology in their blood
vesiels  completely  prevented sccess of
OXygen the distal anosacmic tissues
leading ultimately to dry gungrene. Al
eases with frank or threatening dry  gung-
réne were. therefore, considered unsuita-
ble for HBO theraby, Those patients who
failed 1o show any [mprovement even
after 10 days of the commencement of
therapy were considered failures and their
therapy was discontinued. Patients who
did respond, completed, their therapy and
were senl on 2 months sick leave followed
by # re-evaluation. The improvemenl
in these cuses wis progressive [hroughout

the  period of 36 days and even
after  completion of  therapy  (Tables
I, Hand II). The initial improvement

shown by these patients with HBO therapy
but in a
number of eases. it was even more manjs
fest after sick leave than before {(Wadhawan
et al t %), Inspite of our best ellorts,
majority of our patients failed to report
back for a final evaluation planned 6
wonths later. Those cases who could be
persuaded to teport back to us for final
evalvation did nol show any aggravation
Ong of these patients who
returned 20 months later showed ng evi-
Another  patient
who was an sirman working at the Insti-
14

wis not only found susiained

OT TECUFTSRCe,

denee ol recurronce,

tute repotted o reliapse even il b

after completion of therapy:
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Incldence of Ulcers Curcd or Improved Afier HBO Therapy In 12 Coans

Number of cagey afler

Mumber of cages, 2 manths

Mo, af anses wilh Therdpy lnter
ul‘ﬁf::',_t: ';'{"” R Chred  Dmpioved Mot Cured  Tmproved Mot
AR Impeoved Tiproved
12 & z 4 0 1 I
Tasre 1
Mean ¢f The Tiffércnces Between Mean Budy Temparature And
Peripbeial Temperature (TOE) 37 Cascy
ay - ;m & (4) &
Belors After 2 months Ditference Differance
Therapy Theripy luter borween 1 42 berwean 1 & 3
4.8 15 29 M5 Significant (P=0.01)

A few other cases rcturned on thoir
own for asccond andin some Cases A
third course of therapy. Till today, we
have provided HBO therapy toover Hi
enses and still continue to do so. We
are unable 1o account for ‘the improve-
ment shown by Liese paticnls. Arterio-
eraphy studies might throw some light on
this aspeel but in view of some difficul-
ties, these studies Have not heen carried
aul @s @ routine.. Perhaps, it the near
future. we may be able w do so. We
presume that HBO Keeps the lisaues well
oxypenated while the collateral circula
tion is developing which  development

coniinues. cven after the ecessation of
therapy. This obssrvation Is based on
the conrinued and susiained improvement
noticed by us long. after the therapy was
discontinued, We arc also unable to
stzte whether the improvement shown by
the patients is jasting. The fact stands
that majority of these cascs did show an
improvement which lastedd 4 minimum
period of 2 months and much tonger in 4
few casss, How this response CoOmparcy
with the other modes of therapy 15
2 matier which should be examined by
eéxperis.
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+ The remaining 4 Sascs wers Bmpursss.

Three cases of tetanus who were referred
to us from St, Martha's hospital Bangalore
an different dates, were treated with HBO
at 3 ATA for 2 hours twice a day. From
the time of commencement of therapy.
ATS was discontinued and the patien
was maintained only on antibiotics and
sedatives (Chatterjee et atd ). The st
patient came to us within 36 hours afler
the first manifestation of disease. He
showed distinet improvement afller the
very first exposure. He passed uring on
his own and his rigidity subsided conside—
rably. He was given a total number of
6 exposures and returned home cured,
Another case of tetunus was senl 1o usn
an advanced stage of disease. The patient
was having seizures every few minutes and
on slightest provecation. IL was not
possible to hold # mask on his face und he
could not therefore be administercd
oxygen with suceess. HBO therapy was
discontinued and the patient returned to

‘hospital. He died next day. This wasa

failure but taught us a lesson which was

‘heneficially employed in the next casc who

was referred to us 4 days after she was
diagnosed and, as n the previous cass,
was having convulsions every few minutes.
We got a tracheostomy done in this case

and administered oxyvgen through the
qracheostomy tubes; she was given 4
“total number of & cxposures of HBO over

w period of 4 days and returned to the
hospital after that for management of
tracheostomy.  This pulient showed a
distinct improvement which was manifest
on’ the second  day and, but for some
residual neek rigidity, had fully recovered
after the %th exposure.  Although the
number ‘of these cases s tow small to
permil  any  scientific  conclusions, if
correlated with the reports available in
tho literature, our limited experience in
this field may provide avenucs for an
wlternative safer and more reliable form
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of trestment of this disease. HBO 1s
known to cause bacteriostasis of the
anaerobes and oxidation of the tetanolysin
(Rrummelkamp et al2z). It is also said
to have a non specific effect on those
anterior horn cells or  cranial nerve
nuclei which have become hyper-excituble
because of the toxin getting fixed to these
cells, HBO possibly makes these cells  less
excitable by somec mechanism (Winkle et
al1 2y, However, this observation 13 open
to criticism. At least our experiences in
one case bilies this statement.

We have also had un opportunity of
treating with HBO 2 cases of extensive
vascular  injurics of limbs threatening
their blood supply, with impending gus
gangrene. The credit goes to the surgeons
of A.F. Hospital, Bangalore for their
decision 1o with hold knife and try a few
cxposurss of HBO. HBO was admini-
stered at 3 ATA for 2 hours daily on the
first 3-4 days, followed by a gradual
reduction to 2.5 ATA for one and half
hours daily. The total duration of
therapy with HBO lasted for 8-10 days.
Not withstanding the bony injuries and
their management, immediate amputations
of limbs which were considered unavoi-
dable because of extonsive  vascular
damage. were averted in both these cases.
HBO obviously helped by keeping the
tissues well oxygenated while the collate-
ral circulation was developing. Extensive
vascular injuries calling for radical
ampuialions ars i COMMON DCCUTFENCE,
both during warand peace. HBO, asa
supportive therapy. should hiave a definite
place in their treatment for saving both
life and the limb. One has, however, got
{o cxercise caution in plannisg  the
therapy. Severely toxic palients are likely
to manifest toxicity at relatively low
pressures of oxypen ( Brumitnclkamp#® ).
A convulsive seizure in a paticat with an
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extensive vascular or bony injury may
L:ad 10 an irrepairable damage,

We have also  had dizsappointinents.
Two cases of chronic asteomyelilis taken
up for treatment with HBO, did not show
the expected improvement. Increased
pressure of oxygen in tissues lesds 1o
bacteriostasis of both aerobes and ana-
erobes and makes them more susceptible
o antibioties (Slack et al t4). HBO,
therefore, is not a substitute for the
ususl - conventionn! form of treatment,
Perhaps an appreciation of this uspect by
all those concerned with the treatment
would betier serve the patients inlerest,
Unfortunately, antiblotic cover in both
our patients. could not be adegquately
muintained due o cerfain  reasons.
The Ireatment was, therefore, dis-
conmtinued.

HBO can also be used with advaniage
in a large number of other elinical condi-
tions. Tt has been successfully emploved
in the treatment of Carbon Monoxide
poisoning (Sluijter12), Cancer (Churchill
Davidson  and Emery® },  Myocardial
1schaemia (Cameran et al+), Ischuemic
skin flaps (Perrins'4) and as g supportive
measure in cardiac (Meijne et 2111} ang
brain  surgery (Moor st al'2).  The
therapy may, in short, be useful in the
management of all cases associated with
PeOT oxygenation of tissues,

While one can visualize a future for
hyperbaric medicine. one has to be
cAulious in  its Usage. Like any other
therapeutic procedure. HBO has its own
hazards, if used mdiscriminately. Oxygen
at high pressures than those normally
available in the atmosphere, s known Lo
be toxic. It leads to enzymic changes
with'the consequent metsholic disturban-
ces: which, directly or indirectly, may he

responsible for the toxic manifestations:
(Stadie et al!'®), We have observed 2
cases of toxicily of the Central Nervouy
Syslem amongst our patients undergoing
routine therapeutic exposures to HRO it
2.5 ATA (Krishnamurti and Wadhawan ),
This form of toxicity has been reporled
to follow acute eXposures to  oxygen . at
4 ATA (Behnke! ). We, however, feel
that repeated exposures to subtoxic doses
of HRO may, in some way, lower the
threshold of neuronal irritahility.  Both
these patients produced FEG changes
which disappeared one week later.

HBO is also known 1o cause pulmaonary
dumage which may result in oedema,
atelectasis and thickening of  alveolo-
capillary membrane (Wiltner & Rosen-
baum® %) causing diffusion disturbances.
The carliest evidence of this form of
toxicity hus been stated (o manifest in
the Maxinium Breathing Capacity and
Yital * Capacity {Lambertsen? o) Fre-
quent administration’ of HBO is reported
tolead to cumulative cfects on pulmo-
nary functions.

In o recent work at the Institute, some
of the pulmenary funclions of patients
intermittently exposed to HBO at 2.5 ATA
were  evaluated. It was obzerved that
these exposures do not lead to any signi-
ficant pulmonary damage provided the
lunctions  hefore commencement  of
therapy are within normal limits. Sub-
normal  pulmonary  functions, hiawever,
may predispose an individual to Trulme-
nary oaygen toxicity with HEQ,

Two of aur patients developed  myo-
cardial infraction  while undergoing
reatment with HBO at 2.5 ATA. One
of these patients, who died while aslecp
approximately 19 hours after his 22nd
cxposure, showed preserce of a fresh




thrombug inthe left coronary arlery with
evidence of an old healed myocardial
infarction, The second patient developed
an atlock of acute coronary thrombosis
about 16 hours after his 24th exposurc.
While 1IBO has been cmployed as @
therapeutic  procedure 0 myocardial
ischaemia, it has nolt been known 1o
precipitate an attatk of this disease. The
auspciation of these cases with HBO,
therefore, may he o mere coincidence.

HBO may also affeet other physiological
functions in the body, 11 has been postu-
Jated to produce lipid peroxidation of cell
wirmhrane which, in RRC may lead 1o
haemolysis. This disturbance has been
ohserved by Zinkle?! afier acute expo-
sures to oxveen al 4 ATA,

HRO may also lead to disturbances in
body tissues purely through its mechani-
cal effects. We have observed macro-
scopic changes in 1ympanic membrancs
amongst our paticnts exposed repeatedly
to high pressure environments. Hearing,
in hyperbaric cnvironments, may show
disturbances because of increased density
ofiair. In a werk carried out at our
Institute, we found a hearing loss of
15-20 b in frequencies around 3000 CP5
at pressures of 2.5 ATA. This obscrva-
fion has necessitated iraining of both the
chamber operator and the medical ohser-
ver to speak slowly and pronounce each
word separately and clearly while commu-
nicaling with each othern.

Another important biproduet of HBO
therapy is the heat and humidity in the
chamber specially when a number of
subjects have to be simultaneously cxposed
for periods form 2 to 24 hours.  Although
4 certain amount of ventilation is provided
in the chamber, this is grossly inadequale
when the number of subjecls exceeds 3,
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more s0 when the atmospheric tempera-
ture and humidity are high. We have
mitignted the heal stress to a great exient
with the help of a locally developed ‘Freon
Heat Exchanger’ installed ingide the
chamber.

At present, we in the Institute, are
studying the possible effects of repeated
exposures to HBO on EEG, blood und
lympanic membrane,

Conclusions

From the experience gained so fir, we
feel that HBO therapy has a vast scope in
clinical practice. For the therapy 1o
achieve the success it merits, the clinician
has to be closely associated with it since
the dosage and duration of therapy has
to be varied in each case with the progress
shown by the patient, surgical intervention
has to be appropriately timed and full
antibiotic cover maintained throughout
the period of therapy. Tt hasalso to be
appreciated that HBO 152 supportive form
of treatment and mnot a substitute for
surgery and other specific treatment.
This support should be utilized early and
not thought of as a last resort.  The risk
of Oxyeen toxicity has Lo be kept in mind
but not exaggerated. Lastly, it should be
appreciated thai the person administering
HBO therapy is as much interested in
following up his cases as any other
clinician. Follow up of cases may nol
only satisfy his ego but also enable him
ta learn from his mistskes.
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