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HYPERBARIC OXYGEN THERAPY IN CHRONIC PERIPIIERAL

VASCUT.AR

DISEASE

iy

Wi, Cor. M, L. WADIAWAN,Y SO, Lor. P. C. CHATTERIEE®® AND WG, Cor, A, K. Basu®*®

Abstract

4 cases of clironic peripheral  vascular
disease of varying severity were treated with
hyperbaric oxygen, The patients were ex-
posed ‘to 2.5 absolute atmosphers for 90
minutes daily to a total of 36 exposures,
37 cases showed improvement of varving
degrees. The results are compared with
the observations made on 7 control cases,

liteoiluctinn

Hyperbarie oxygen (HBO) 15 being used
Loday in a variety of clinieal and pathological
conditions assecialed with reduced O, supply
to the: tissmes S48 102, 15,34 15,10 20.21,98 24,

Whilé breathing air at =ea lessl, PO,
m alvepoli is approx. 100 mm Hg, At this
pressure, hacmoglobin gets approx. 978
saturated with ) and carnies 19.3 vol. 5, 0,
while 0.3 vol. 940, is dissolved in physical
solation.. IT 100%, oxygen is breathed st
fopressure 2.3 times the stmospheric pres-
sure, PO, in alveoli will amount to approx.
100 mm Hg. This pressure of O, will
satburate: the haesmoglobin to 1009 (20
voli#5) and inecrease {he On in physical

solutionto 5.5 vol. 9. Besides theincreased
quantity of O . available, the PO, gradient
berween arterial blood and the tissues is
increased to a considerable magnitude to
avercome tissue hypoxda.

The use of hyperbaric oxygen as a mode
of treatment in chronic peripheral vaseular
discase is based on the assumption that the
local tissue ischaemia due to restriction of
peripheral blood supply or lo disturbance
of collateral circulation may be overcome by
increased  availabillity of  oxveen in the
physicelly dissolved statc under hyperbaric
condittons. Illingworth™ has reported cn-
couraging results in the tréatment of lmhb
ischaemia with HBO. Koomen'® has treat-
ed 30 cases of chronic peripherzl arterial
disease with HBO therapy and roported
success in 2 majority of these cases. Slack
ef @l *” on the other hand, reported dis-
appointing mesulls om a series of - cases
Lreatcd with daily exposures of HBO for
I to 2 hours. Such results might bo due
to insufficicnt cxposure schedule®. How-
ever. there is no way of predicting whethera
patient can’ be cffectively trested with HBO,

Ir order to evaluate the role of HBO
in cases of chronic peripheral vascular
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Ao 1.

disease, the present study was undertaken
to delermine—

{a) the relief of ischaemic pain following
HBO therapys

(&) the healing of uleers net responding
to other meéthods of treatment.

Method

40 cases were selected at random without
any consideration of duration of disease,
saverity of pain, presence of uleer in the
affected limb or previous treatment with
lumbar or perarierial sympathectomy.

Before the onset of HBO therapy, clinical
examinalion was made to asssss the arteral
pulsations, ulceération, complications in the
respiratory and the central nervous system.
Baseline records of vitslograph, skin (empern-
ture and bicycle ergograph were faken,
Cases without any pulmonary complications
were exposed to high pressure in the hyper-
baric chamber with the help of compressed
air. The paticnis breathed 1009, oxygen
with the help of oxygen masks having non-
retirn inspiratory and expiratory valves.
This method not only prevented the wastage
of oxygen buof also minimiséd the risk of
fire in the chamber, and exchuded the medical
observer from high pressure oxygen
breathing.

Patients were exposed to HBO at 2.3
absolute atmosphere (ATA) once every day,
for 90 mits; for a total of 36 exposures.  This
dosage of HBO was found fo be safe during
earlier trials esrried out by authors.®®
Cases developing upper respiratory calarrh
or other complications, which were not
congenial to HEO therapy, were temporarily
withdrawn till they improved, The treat-
ment was subsequently mesumied to a total
of 36 exposures. The exposures were then
discontinued Tor 2 months and the patients
ronssessed after that period. Sedatives and
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vasodilators were withdreawn during the
therapy. 11 cases out of the above were
reviewed after a period ranging between 4 to
12 months. Three other cases did not show
any subjective improvement within the first
10 days of HBO therapy. They complained
of aggravation of pain during the exposure.
The treatment was discontinued in these
cases,

Seven patients were selected nt random
as " Control " cases and were given placebo
therapy, They were fitted with Oy mask,
and made to breathe air at 1 ATA in the
hvperburic chamber, The (otal  dueation
of these exposures wiis the same as that of
the “ Test" group.

Resulis

All cases including control proup were
subjected to clinical examination. Skin
temperature and response to Bieyele Ergo-
metry were also carried out on complétion
of HBO therapy and after eight weeks sick
lsave.

Relief of Pain

The cases were divided depending on the
severity of pain into four grades as follows:

Grade [ —Cases who suffered from pain
only after prolonged exertion:

Grade IL.—Cases who developed  pain
after walking a few steps.

Grade IIT—Cases who had pain even on
rest but the pain was relieved
by analgesics.

Grade §V. —Cases who suffercd From severs
pain on rest not relieved by
uny drugs.

Based on the above criteria, all the cises
were graded at the commencement and on
termination of HBO therapy. They werc
also graded after completion of eight weeks
sick leave, Results urc given af Table T.
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Similar grading was carried out for control [ealing of Ulcer
group and the resulls are given at Table II.

Subjeclively, most of the cases reported Majority of the subjects with wleery on
comsiderable relief of pain within first 10 the limbs or toes who were not responding
dnys.  Patients who could not sleep well Lo pther methods of treatment earlier, showed
due to constunt puin could sleep well without healing under HBO therapy. Out of the
sedation. The improvement continued 12 cases reported with uleer, 10 cases healed
throughout the period of treatment.  Post up completely, with LB therapy. One
sick leave roview of the test cases revealed o case showed improvement.  Cuses with gan-
significant improvement. In comparison, grene were given antibjotics in addition to
the improvement noted in the Control group HBO therapyv. These eases had received
wits found to! be short lived and the condi- antibiotics carlice without any improvement,
tion reverted 1o the pre-treatment  lTevel I'he response of ulcers in the test and control
after Lthe sick leave ws shown in Table 1) avoup is shown at Table I

TABLE 1V

Frequency of Palsation a8 Femoral, Popliten], Tibial and Dorsalis Podis Arteries ol botl siiles

{a) Belore and’ alicr tratment, and
(H) Before treutmeond and after sick leave in Test cases,

(et}
Puiss Fassent (=) PULSE ABRSERT ()
Femaral Poplitea! Titvial Forsalis . pedis
BDefare Treatment 74 A% 25 25 45 15 5=
After ‘Treatment T3 i 52 e 3 3 i i3
XR= -- 0.3 5 004
(N.8) {MLE (N30
NE Mol Sienificant.
{4y
Puls Presswy () Prvse ApsewsT (—1)
Femoral FPopliten! Tibial Tvkalis - peis
- 5 == a7
Before Treaumant 74 - S 2 25 45 5 o
After Treatment T3 1 & i3 i3 ki) 20 50
X1 - 4. 30 1:5 L
(NS e E2 |
* Bignificant at P=0.05. NS =Notsignificant.
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i
Arterial ulse

Peripheral arterial pulsations were noted
over femoral, popliteal, tibial and dorsalis
pedis arteries befire and alter the therapy
und also after sick leave.  The findings are
shown in Table 1Y, The X values indicale
that the proportion of popliteal pulsation
present (and absent) before the treatment
anedaller sick leave are significantly differen-
lited, though not immediately after HBO
therapy. The frequency of pulsation in Lhe
Contral group did nol show any change of
statistical significance at any of the four
recording positions,

Skin Temperature

Temperature was recorded for different
parts ol the body surfoee and also rom the

subjected to sign Test in both the groups
In Test cases the changes in the tomperature
differences between * belore teeatiment ™
and **after treatment ™ Lhough large, wore
not significant while the changes between
*“ before treatment ™ and ** after sick leave ™
wers  Foumd 1o be highly:  signifisant
(P 0.01),

Bicyele Ergograph

Bicycle ergograph studies were made on
the Test and the control cises, The sub-
jects wore fold Lo eycle against a fixed resist-
ance of 40 watts at 30 RPM  and the time
wits noted Ll they, could not continue any
further due to pain. Four amputees were
excluded from this test.. Tables YT and Vil
show the distribution of bicvele erpograph

TABLL WV

Mean of the Diferences betwern MBTp and Fool Temperaiure

Before Afrer After

Giranp IrEaiment Freatmens sick fegve:  Bufore freatment

Mifference erwean

Before- treatinent

werned pifrer Frearaent mied affer stk leave

Test {1i=37) 4:8 1.5 2.9 N5 Sigmificant (P O.01)
Control (n=7) 4.8 43 5.3 N5 M5,
(Figures in *C).

dorsumt of the foot.. Mean body surface
temperature (MBTg) was calculated accord-
ing to Ranmianathan's formula!® and the
differcnces between the MBT, and the toot
temperature have been tabulated in Table 'V
and averages determined for “‘belore treat-
meant ™', * after treatment * and ** after sick
leave™ bioth in' Test and in Contral groups.
The individoal varjations in temperature
differences  betwesn " before  Ureatment '
and aller treatment ™ and between  before
freatment ' and “ afler sick leave ™ were

data before treatment. immediately after
treaiment and after sick leave, It s seen,
that the improvemcnt in performance inmme-
diately alter Lreatment in most of the cases of
the test group is very conspicuousand is also
maintained even after a period of leawe
Iimprovement is noted also in the control
group after placebo  béatment.  However
this improvement is transitory, and is hot
seen after the duration of sick leave.

L 4
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Il out of the 37 test cases reported for
review luter than 2 months (sick leave) after
completion of treatment. This period varied
from 3 to 12 months with an average of 3
months, MNone of these cases showed any
untoward trend that could be termed different
Irom those cases which turned up immediately
after sick leave.

Discussion

The rationale of use of HBO in ischaemic
diseases of the limbs is based on the assump-
Lion thal the tissue activity is greatly hampered
by hypoxin duc to impairment of circulation,
This leads to failure of homeostass, Le.,
supply ol nwirent, removal of cataboliies
and maintonance of tissug pH which 15
further aggravaited during walking, exereise,
cte.  Though Bird and Telfar® demonstrated
considerable reduction in blood flow dus to
vaso constriction in the normal limbs of sub-
jects breathing 0, at 2 ATA, it is not known
if this occurs also in ischaemic limbs. Even
1f it does, the-excessive amount of (% carried
in physical solution would more than com-
pensate for this reduction in blood flow.

The partial pressure of O in plasma will

amount to approx. 1800 mm Hgat 2.5 ATA.
Ackerman?t has observed with the help of

polarographic electrodes that the PO, in

the muscles of the limbs showed immediate
rize with HBQ. He has also obscrved that

‘animals with marginal blood circulations,

nut sulficient to maintain vizbility indefinitely,
may be henefited with HBO.

It is scen from our present study that the
benefit lasts for a considerable period after
disconlinuance of therapy, as evidenced by
the healing of ischaemic ulceration, improve-
ment of peripheral temperature and. réeduoc-
tion or complete amelioration of pain.
The same principle may possibly account for
limiting the areas of damage in acute myocar-

dial and cerebral ischaemin ¥4, ' 7 restoring the
reparative process and thus maintaining the
vinbility of adjacent wvital foci.

It is presumed that HBO therapy reduces
the state of chronic  hypoxia in (issug,
maintains its viability and thus allows an
earlier development of collateral circulalion,
It is corroborated by improvement of tem-
perature gradient to the affected lib aler
the treatment despite the continued absence
of peripheral pulsation in' leg and foot in
most of the cases. Some cases showed
reappearance of arierial pulsation in the
popliteal arteries sugeestive of recanalisation,
In thromboangitis obliterans (TAQ). the
basic pathology is a change in blood vessels
characterised by (hrombosis, active canalisa-
tion and development of & éertain amount
of collateral circulation, and at times deve-
lopment of excessive elastic tissue in and
around the occluded or partially occluded
vessels. Dible” observes that the process
of recanalisation of thrombus is relatively
more tapid in TAD than in other forms of
peripheral vascular disease, because of the
absence of degenerative changes due to age
and progressive :atheroma. The improve-
ment in pulsation of the popliteal arteny
npted in the study could be doe Lo the com-
mencement of - HBO therapy at the early
stage of involvement of the vessel. Failure
amongsi the cases freated can possibly
be accounted for by the advanced stage of
disease.  Ttis Hikely that HBO benghits only
those cases which have a moderate obstruc-
tion of blood supply and is a complete
failire in advapced cascs with severe or
complete obstruction.

The subjective improvement shown by a
few of the control cases tan be adcounted
for by the natural periodicity of the dissase
process and also by the temporary relief of
the psvchological clement,
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Conclusions

The results from the study of IIBO
therapy on 40 cascs of peripheral vascalar
disease show that the response is significant
as is evident by the relief of pain, healing of
ulcers and increased circulilion in the limb
ghown by improved tempeérature gradient,
Our study exiends to a period ol review
ranging between 2 to 12 months. Psycholo-
gical factors play o part in relieving the
severity of symptoms as shown by the
initial improvement in Control cases, major-
ity of whom later reverted to their original
condition once the placebo thermpy was
withdrawn. Lumbar sympathectomy which
{5, considercd a radical treatment besides
amputation does not also provide lasling
relief, In comparison, HBO therapy has
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