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DICINE

Symposium on HYPERBARIC MEDICINE

vpurtharic  oxvgen  was  introduced in chinical

practice in the mid-fifties following the pioneer-
ing wark of Bosrema in Holland and Illingworth and
Davidson In UK, In our country, 1t was first started
atthe Institute of Aviation Medicine, |AF, Bangalare
In 1967, and a second centre followed shontly thore-
after in Bombay. However, its use has remained
estricted  in  India 10 these two coentres and the
gengral medical pepulation is  hardly conscious of
the progress achieved in this field.

Hyperbaric oxygen (HBO) was originally intro-
duced with the general idea that a large amount of
axygen could be made available deep into the tissues,
specially in vital organs, for their survival in the
avent of and prior 1o circulatory arrest. Also, it
could be of immense value in many pathological
tanditions where normal amount of oxvgen s not
available in the tissuas while breathing sir at atmos-
pheric pressure (1 ATAL

From a physiclogical point of view, 3 aress necd
special consideration because important reactions
faka place in theze regions These are ' —

a) the lungs
b} the blood, and

) the tissus.

~ There are 3 gas laws which explain these reac-
tions, viz.,
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Physiological Aspects and Scope of Hyperbaric
Oxygen Therapy
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a) Boyle's law which relatos
inversely with prassure,

gas volume

b)  Dalton's Law  which defines the pattial
pressure of a constituent gas in a mixture
of gases, and

¢}  Henry's Law which identifies the volume
of gases going inta solution.

Although the sbove gas laws provida the physi-
cal basis for its application, by thamselves they do
not provide a physiolegical basis.  Elevation of
alveolar oxvgen pressure several times will not
necessarily raiss tha pressure throughout the body
by the same value The overall picture becomes
modified by factors affecting lung diffusion, pro-
perties of haemoglobin, rates of oxygen uptake and
blood flow, and by uncertainties concerning the
diffusion of oxygen from capillaries into tissues,

Fresh air with 20.94%; oxygen (0y), on reaching
the lung alveoh, contsins 14.0% 0. due 1o the
presence of carbondioxide (CO.) which is 5.6% by
volume, On switching over to 100%, oxygen brea-
thing. a rapid rise in alvaolar partial pressure of
oxyvgen (pQy) results. Initially, nitrogen wash out
takes place st an exponential rate, reaching 98%
by volume in approximately 7 minutesin normal lung.
Alveolar pO: also changes simultaneously. The
figures for alvealar gas compositions while breath-
ing 100% oxygen at |1 atmosphere, 2 almosphares,
and 2 atmaspheres are givan in Table |,
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Alveolar gas tension {mm Hg) at 237°C

Breathing Breathing
AlR OXYGEN
1 ATA 1 ATA 2 ATA 3 ATA
PNy 570 o o 0
pH.O 47 47 47 A7
pCOy 40 40 40 40
PO, 103 673 1433 21493
PE (Total) 760 760 1520 2280

Oxygen Upteke in the Lungs

Blood flow through the lung capillaries 15 very
rapid. Oxypen pesses from alveoll to the capiliary
blood by diffusion. As alveolar pOy is increased 10
sevoral atmospheres,  alveolo-pulmonary  capillary
oxyren transfer gets limited by a process aof autora-
gulation, This limitation in oxygen transfer is
reflected in a larger alveolar-arterial p0; difference
which may reach as high as 100 mm Hg at 3w 4
atmospheres of inspired oxygen pressure.  This is
responsible for a smaller than expscted rise in
arterial oxygen content. Following reasons are for-
warded {or such limitations of oxygen upteke (—

a) Greater increasse of shunt sbove the normal
(2%} wia bronchial and pleural vessels,

by Limitation in diffusion by diffsrence bet-
ween ventilation and perfusion.

¢) Probable atalectasis of smaller lung units.

d} A& response to increased oxygen lension,
thereby increasing alveolar-blood barrier.

With rise in alveolar pQ: from 1 to & ATA, &
progressive decresse in pulmonary diffusion becomes
evident as revealed by loweared diffusion constant
for carbon monoxide and haemoglobin under high
oxygen lension but it does not itscif explain the
observed interference with transpulmonary oxygen
uptake.

be

Oxygen Franspart in Blood

Oxygen is transported by the blood in twol
forms i —

a) chemically, as oxyhaesmoglobin, and

b) physically in solution in plasma and i
intracellular flund in the erythrocyle.

Oxygen tension in the arterial bload s the primat
factar which governs the volume ol oxypgen o e
carried in both these forms. Considering that 1.34 ml]
of oxygen can combing with each gram of haeimgs
globin in chemical combination, 201 ml (normgl
Hb==16 g“.) af oxygen will be carded per 100 i
of blood. Pecuharity of the pulmonary circulation
and oxygen dissociation cuive normally produce !-]E"
saturation of Hb.  Thus, increased oxygen tension
under HBO can hardly increass the volume of oxyge
in this form. However, the amount of dissolved!
axygen increases linearly with increasing pressuli
and at 3 ATA can reach 6.6 wol?, at 100 mm Hy
This, volumetrically, itis equivalent to maore th
25" inurease ino arterial oxygen content,

Hyperbaric  oxygen therapy (s based on 1he
following physiclogical principles :

a) increased volume of oxyden per unit o
blood volume.

b) increased oxygen tension in the plasmaa
thereby in the tissue fluid around tho vessel

7} Increased oxygen tension gradient from the
capillary blood to the matabolising cells, g:_-
d)  increased volume rate of “oxygen flow"
(i.e, the amount of oxygen perfusing th
tissuc per minute) through tha tissue,

Tissue Oxygen Tension

As oxygen is metabaolised in the tissues, an ik
crease in the pressure of oxygen in the inspired
does not necessarily produce corresponding rise
plsin the tissus capillarigs. The induced rise i
pl: along a brain tissue capillary is not unifom
fram one end to the other unless the flow of oxyga
12 wery much higher relative to the aciual demand
At the extrams artarisl end pO; may be slevals
to that of inspircd oxygen level.  Awverage arterld
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oxygen tension of 90 mm Hg may rise to 550 mm
i Ha when breathing 100 percent oxygen. At 3 ATA

ntwo B he average value may stay between 1550 and
1700 mm Hg. Afler decompression, the vaiue drops
lo pre-compression values, Venous oxygen lension
riggs to high level in seversl instances shortly after
and in gompression. This rise may later be followed by
gome fall but still remains significantly above the
precomprassion values.
itimary
to be Actual change ot pD. that may occur in any
34 mi particutar  organ depends on  the tissue activity,
Sl amount of normal blood flow and oxygen consump-
normal tion in eoch tissue. This, of course, is based on the
L?Igti::‘: gonyentional  assumption  that  oxygen depletion
co GEY _!{ﬂ'm the blood occurs uniformly along the capillaries.
| ) ‘Bven in normal subjects for any particular pressure of
lension R o W bia i
bwgen inspired oxygen the “dose” of oxygen will differ from
B e wrgen 1o organ and  from tissue  to tissue,
[es5Ure [rrgularities of Blood flow and metabolism .mw
m Hg. pause local differences  (n oxygen tension within
5 1han Anorgan of tissue.  In pathological stetes, greater
dimrupant:ms onour I:]E'!WEE’:R OMme Qross or micro-
gpopic region 1o wnother, Other factors like (smpera-
1 Lhe furs and drugs can cause furthzr changes by affecting
lissue matabolism
init of Interference In €0, Transport
Under hyperbaric condition increased oxygen
:nm ang lension would prevent reduction  of haemoalobin,
vessel, This may affect CO. transport from the tissues, Fully
rom the '_i:i_xgrgenateu:t Hb'is less effective than reduzed Hb as
|15, and “abuffer for H+ ion. Thus, the transport of COL and
|: flow"” the H+ ion produced by its hydration in the tissus
}ng the tapillaries ocours at higher level of pCO. and an

;ﬁli}p_iaasa in arterial pO. under HEQ leads to a rise in
pl0y and acidity,

R

- While breathing air st sea level, 90 percent of
L0: molecules diffusing  into the capillary blood
beeome bound and are transported as bicarbonates
(@rin carbamino forms.  For each CO: mulscule thus
“bound, one hydrogen fon is liberated in the red call,
Again, under air breathing state, the deoxygenation
“of Hb maokes available enough basic groups to
- lransport the entire amount of CO. with a respiratory

“quatient of 0.7 without change in pH. Hyperoxy-
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genztion inactivates this process. It is often thought
that extreme degree of CO; retention in tissues
would result under hyperbaric oxygen. Experimiental
studies have shown that at 3 ATA the increase in
oxygen lension would prevent deoxygenation of Hb
and may lead to a rise of 5 mm Hain pCO, in organs
like brain.  The cantral hypercapnoas by oxygen is
sali-limiting. Increase of central pCO, by 5 mm is
Epproximately equal 1o inhalation of & percent cO,
in air at ses level.  However, whare narcosis, in-
efficient pulmaonary  ventilation, raspiratory failure
ar other pathological states affecting CO. elimination
exist, these may add to the effects of CO, retention
produced by failure of the Hb deoxygenation,

When oxygen is administerad in normal subjects
Lreathing air at sea leval, a tlransient decrease |n
vantilation occurs since increased oxygen tension
tends to depress the chemo reflax activities, How-
ever, this shortly gives way 1o a light respiratory
stimulztion.  This increased pulmonary ventilation is
apparently & consequence of the rise in central pCO,
and hydrogen lon concantration which again reduce
arterial pCO,.  The slope of ventilatory response to
CO. decreases concurrantly. Thus, both stimulant
and deprassent affects of oxygen can co-exist. The
respiratory response ta €Oy s diminished mors by
oxygen Inhalation at 2 to 3 ATA than at 1 ATA.
Where the respiration is deprassed by drugs, injury
or diseass, administration of HBO decreasss pulmo-
nary ventilation by remaving the normal hypoxaemic
chemaoreflex drive,

Circulatory Effects

At 1 atmosphere ths circulatory effects of oxygen
are mostly due 1o suppression of tonic activity of
peripheral chemoreceptors, resulting in decrease in
pulse rate and cardiac output. Rise in central pCO,
leads 10 a stimulation of vagal centre. Changes in
circulation in regional vascular beds are produced by
oxygen. Vasoconstriction has been hoticed n
cerebral, cotansry, eye and renal  vessels,
This  vasoconstriction may be due to direct
action of oxygen on vascular smooth muscles,
HRelationship of tissue oxvgan tansion to auto-regula-
tion is well established, When the oxygen saturation
talls from 1003 ta 309 the blood flow is found to
increase to 257,. In contrast, HBO produces a
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decrease in flow., The theory of aute regulation
should explain both these phenomena, |t has been
suggested that diminished oxyvgen availability lowers
oxygen supply 1o the smooth muscles of arteriolar
wall which in turn weakens the wall and allows the
pressure head 1o cause a dilation and increased
flow. Lack of oxygsn also causes biood vessels 1o
dilate because of decreased ATF and other oxygen
dependent substances that are required to maintamn
contraction, Vasoconstriction elfect on oxygen can,
however, be simply explained on the basis of direct
effects on the wessel wall cells, increasing the
strength of contraction of the local vessels and thus
constriction. Oxygen, however, at a reasonable dose
might do one thing, while a wvery high dose might
begin to exert powerful blochemical poisoning of
artariolar smooth muscle cells, 11 may be that thers
are more than one dose-dependent curves tor effects
of oxygen on vessels, ane based on the physiological
influence and the other on toxicalogical influence
These could produce overlapping effect with one
giving way to another under increasing tension, Ba-
sides the direct affect, the influence of central hypar-
capnoea, neurogenic  factors and  local  chemical
influences have also to be considerad. 11 hes been
found that when arterial pCO. is held constant under
O, administration to normal subjects at 1 ATA,
cerebral vagoconstriction does not occur. It s, thus
seen that a new baelance develops with ncrease in
arterial oxygen tension, increased tissue carbon-di-
oxide and changes in hydrogen fon concentiation.

Scope

Considering the various physiological aspects of
the use of hyperbaric oxygen., |[i& scope can be
broadly defined in some of the clinical applications |-

a) Increass in oxygen capacity can be utilised
in conditions where hsemoglobin is lost or
inactivated as in CO poisoning.

b}

Gl

d)

f)

a)

A A A
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Increase in oxygen content can be effectivaly
utilised to compensate for decreased blood
flow in otherwise normal vascular beds,
This can be of much use in  perpheral
vascular trauma or disease.

[ncrease in oxygen tansion gradient between
capillaries and tissues extends the distance
of effective axygen diffusion and thus can
ba effective in localised tissue jfschaemiy
like frostbite. This can be of use in condi
tions wharg acute involvements of  vital
argans like brain may lead to pﬂrmﬂnnnlﬁ_
damage. HBO is likely to be of some valug
in such situations.

Ability of hyperbaric oxygen 1o increase the!
tissue pOy can create dramatic Improvemant.
in anacrobic infections like gas gangrene by,
ereating  hostile  envirenment  for  thein
destruction, inhibiting further multiplication
and promolting a possible neutralisation of
toxin,

Elevated tissue pOs inside the tumour celfs’
under HBO can enhance the effect of chemo-
therapeutic  and  radiation  therapy  in
malignant canditions.

Inhibitary effects on lepra  and  tobercle
bacilll have also been reported in Some.
studies.

Oxyyen toxicity is closely related {0
dose-duration of the tharapy and this limits.
the use of hyperbaric axygen, its duration of |
exposure and the magnitude of pressure,
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