Symposium on HYPERBARIC MEDICINE

Oxygen Toxicity
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Qpn-n;en is essential for maintenance of all far-
cas, forms of plants and animal life except for soma
anaerobic organisms. Parmsdaxically, ths subsiance
has toxie elfects on these organisms it presantad in
concentrations  slightly  higher than that present
in the air, The knowledge of the toxic effects of
axygen is as old as the discovery of oxygan itsall.

Paul Bert concluded that oxygen was a proto-
plasmic poison and produced toxicity possibly by
inhihiting “fermentative’ reactions in the cell. He
predicted that B0%, of 1 atm of oxygen was ths
highest safe limit.

Larrain Smith  demonstrated toxic effects of
oxygen on lungs. Mics when exposed to 1 atm
axygen for 4 days showed congestion and consoli-
dation in lungs. There was rapid reversibility of
effects if oxyaen was stopped.  Oxygen toxicitv in
lungs is known as “Lorrain Smith sffect™,  Hill
recagnised the Importance of oxygen toxlcity In
caisson discase. Dean and Rotischafier and Gersh
et al did complex experiments by sections of bram
at various levels and demonsirated that thers was
global involvement producing sonvulsions. EEG
pattern showed non-specific grand mal type sctivity,

The present interest in the fiald has beso due to
the findings 1hat oxygen increases the sensilivily of
some lumours to radiation end because of the in-
creasing use of HEOD in surgery and medicine.  This
noreERINg wEe has  alse led o studies an o ane
mechanism:s of oxygen loxicily.

G4

Clinical Festures

Oxygen 5 a protoplasmic polson and doos
aflect most of the body aells that contmin the 805
captibla snzymes, In vitro and in vivo studies Lavi
demaonstrated etfects on metabolism of CNS, lungs
heart, liver, testes and other organs. Some af I:'I
demonstrable effects are discussed below.

Centraf Nervous System Toxicity

Two types of crises hava basn dascribed. Mingf
crisis is characterised by facial pallor, twitching of
eva |ids and alae nasi. sweating, bradycardia, naused,
dizziness. wvertigo, dimness of wision and mino
changes in behaviour.  Major crisis s preceded b
the sbove symptoms of minor crisis followed by
vartigo, convulsions and collapsz.  The e L b o
are grand mal type. Tomc phaase, which mav |2l
for about 30 seconds, is followed by clonic contrag
tiong lasting for about one minutle, Fl.']”l:l'.ﬂ.i‘i_li
convulsions, there is hypsrventilation due to excer
sive accumulation of carbondioxide duting -fifé
There are no hypoxic effects (like cyanosis) whidh
may differentiate it from epilepsy.

There are wide individual varialions in lolerand
to HBO, Oxygen at ZATA upto 3 hrs produces no fife
In one study, convulsions were seen in 2 out lif:.
casas in 43—A44 min at 3 ATA,  Oxygan at 5-7 ATA
causes convulsions n 4% min
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Toxieity on Lungs (Lorrain-Smith Effect)

It is a dose and duration relationship.  Wa ars
interested in this because of requiremenis of space
flight conditions and the choice of braathing mixture
tor astranauts, Oxygen breathed at 250 mm Hyg upto
30 days in space flights has not shown any
adverse effects. Exposure to 1 atm oxygen lor
24 hours led to pulmonary naso pheryngesl and
canjunctival irritation. On 2nd day there was redue-
tion in wvital capscity and zlight paraesthesia of
lingers ; on 3rd  day, there were complaints and
gymptoms. ol bronchitis, poaumonia,  enotation
behind sternum on coughing and deep inspiration.
There was reduction o diffusive capacity of lungs
to 81%, alter 48 howrs oxygen breathing and to 737
alter 74 hours.

Taxie Effects on Other Tissues

Eyes—In pre-mature infants, even with oxygen at
1 ATA, there is retrolental fibroplasia, a canditian
with extensive vascular obliteration and fibroblastic
Infilwation  in the retina leading 1o permansnt
blindness, |t is related to prematurity as it does not
occur in adults even at higher oxvgen pressures.
It causes retinal vaso constriction  The vaso oblitara-
tion is inversely proportional to maturity  Oxygen
a1 ATA has been known to cause conjunctivitis,
Iritis, hypotlony and ratingl detachment inanimals,

Blood and hsemaopoietic system — Oxyagen at
(L5 ATA for 14 days causes reduction in
hsemaglobin synthesis; there is incressed capillary
lragility and acceleration of haemolysis The increase
in REC fragility is suspected to be dus to formation
ol lipid peroxides in RBC walls  There is a reduction
in haemopaistc facter in prolonged space tights
where the aimosphere is  maintained with 1007,
OXygHmM.

Mechenism of Oxygen Toxicity

The exact mechanism of oxygen poisoning and
the nature of cellular resistance to the CXyyen are
notvery well understood.  There is an increasing
amount of evidence from ‘in wvitre' and ‘in vivo'
studies that oxygen interferes with cellular metabg-
lism leading to disturbed tissue function, The final
foxic effect af hyperbaric oxygen can be described
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as a condition af “Hyperoxic Hypoxia” leading 1o

cellular death and disruption. The possible physio-
lagical sites which are said to be affected and which
cad to production of oxygen toxicity can bis at the
level of cell membrane, synapses in the central
nervous system, contractile proteins in the muscle,
nerve endings of a combination of thasa sites,

Molecular oxygen can be considered to be g
patent cneyma anfibitor. Oxygen can also oxidisa
ame af tha 1mportant non-protein constituents of
the cells into [nactive farms, The possible important
mechanisms of uxygen toxicity are ;

1) Ouadation  of sulfhydryl {SH) canlaining
Co-eneymes such as lipoic acid and co-
engymea A,

2} Inactivation of anzymes  with sulthyeryl
groups assential for thuir activity,

3} Inhibition of iron and SH vontaining  flave-
proedeins,

4} Damage to cellutar membranas by i
peroxidation.

5) Oxidation of glutathion, ascerbic acid and
possibly other oxidisable tissue Lamponents,

Factors that influenca toxicity

Many sludies on “in vitra’ preparations  aid
animals have suggested that toxic effects gf DXy OEn
can be influenced, It is difficult 1o accurataly ascor-
tain the extent of damage by oxygen, On EXpEri-
mental animals, incidence of convulsions or tirme
elapsed before convulsions and ling damage as
ascartained by change in weight or 4ross appearance
are the cvenls that are determined,  Various factors

that may influance toxic affects of axyaen are dois-
pussad below

a} Carbondioxide

The safe latent period can be prolonged
by hypsreentilation by causing diminution
of carbondioxide in the body., |t can be
shortenad by brealthing low concentration
of carbondioxide in the breathing mixture.
Vasadilation and increased blood flow to
brain, with resultant rise in hrain p.,
rather than the increased brain pPCO and
lowared pH, per e, are tha important

faztors in shortening the time to onset of
cunvilsians,
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b) Physical seiivity

The incidence and rate of development
of oxygen convulsions s increased by
exercise, This fect is of great importanca
in diving opsrations which are associated
with physical activity.  The mechanism 15
not yet established but CO; retention due
to inoreasad production, faulty absorgtion
in the closed circuit breathing systam and
interflerence with alveolar ventilation dus to
increased resistance o airflow in respiratory
passages or breathing apparatus, have been
incriminated.

oy Hypothersmia

The observation that cold blooded
animals are resistant to HBO and becoms
prone to texicity when their body tempera-
ture is raised has lead to utilisation of
artificial hypothermia and hypetoxia during
surgical operation.  The safe latent period
is increased by combining these 2 proce-
dures.

d) Intermitient exposure to HEO

It has been demonstrated by Lambertson
that intermittent return of snimals 1o lower
pO. would allow one to extend the total
time of exposure to HBO  without develop-
ment of serious toxicity., The survival tima
and the safe latent period is consicerably
“increasad and the animal receives almost
continual  hyperoxygenation with  this
procedure.

ey Hormones

Hypophysectomy reduces the susceptis
bility to HBO especially In the lungs. This
bencfit is counterscted by administration of
thyroid hormoneé,  Adrenalectomy also gives
some protection and adrenaling injections
increass the sensitivity 1o HBOQ.  Ganglion
blocking drugs like tetraethylammonium
and hexamethonium reduce the pulmonary

toxicity without much significant effect an
canvulsions. This suggests that hyperac-
tivity af sympathetic nervous system is the
factor primarily responsible for pulmanary
toxicity of HBO.

f}  Anaesthetic agants

Soma anassthetic agents oflfer proteg-
tion against oxygen toxicity. 1t has besn
thaught o be due to depression of metas
bolism, Phenobarbitone decreases oxygen
damage in lungs and delays convulsions i,
rats wxposad 105 ATA, Thare are conflics
ting reports about the beneficial offects of
anaesthesia. It has beoen  agreed  that
anaesthetic agants, thoogh thay  delay the
ansat  of convulsion, do not alfect the
cellular damage which contingas unabated,

g}  Antoxidants

Vitamin E deficient rats develop  toxi
manifestations earhier than those fted on
normal Vitamin € diet.  Administration of}
Vitamin E has been known to delay tha anset
of convulsions, Lipid peroxides were faund:
in measurable guantities in erythrocytes of
Vitamin E deficiant mice exposed to HHQ!
and not in crythrocytes from normal r.r.r_t
under normal conditions.  Vitamin K (K
and K3) and substance 2,5-bis hydio:)
guinone also give some protection.

Treatment of Oxygen Toxicity

The logical treatment of oxygen poisoning is i
reduce the partial prassura of axygen in the breath
ing airand return it to normal levels. In case of
convulsions, care of the patients should beont
same lines as for convulsions dus ta any ather causs,
viz,, care of the Upper respiratary tract, bite-block
prevent injury to the tongue and moderate degree of
restraint.  Decamymession  should  not be  dopd
during the convulsions since expanding gases in the
lungs may lead to serious lung injury and fafil
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pulmonary air embolism in presence of laryngospssm
and Incoordinated thoracic movements. Once the
convulsions stop and  rhythmic movements of chast
relurn one can proceed with the decompression
With proper care  of the upper airway  After return
of consciousness the patient may be irritable and
confused.  Assurance and tranguillizers may be
required.

Lung damage may present  as  atelectasis,
pulmonary oedema, bronchopeumoma and disturb-
antes in pulinonary gas exchange leading to scidosrs,
hyperbaric hypoxia and death  In mild cases one
would do well with antibiotics, atropine, artificial

respiration and reduction of pQOy in the lungs. A
leval not maore than 60% of that at sea levsl has
been recommanded as higher pQs; would possibly
sggravate existing pulmonary patholugy. In severs
tases, there is anoxaemia even at very high pO, in
the lungs. Itisa point of na return unless a heart
lung machine can be used. No other measure will
causa reversal of sovere pulmonary damage. Redu-
ton in pQsin lungs will aggravate anoxaemia and
treatment of reduced arterial pQy with normal ar high
pressure will further increase the existing damage,

It is the pulmanary toxicity which is the limiting
factor in the use of hyperbaric oxygen and should
be given the most serious attention,
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