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Introdactinn

The use of hyperbaric oxyvgen (HBO)
for the treatment ol peripheral artery
dizepse and its efficacy has been under
conlroversy since its beneficial effect was
first reporfied by IMingworth®, The
rationale of HBO depends on the increased
oxygen availabilily to the tissue which is
in a slate of chronic: ischemia due 1o the
existing pathelogy of the blood wvessels
Keoomen® has also reported suecess in the
majority of 30 subjects treated in his
series. However, Slack and co-workers!!,
on the other hiand, reporied disappointing
resulis on 26 cases treated with HBO. At
our cenirte a number of cases of peripheral
vascular disease were treated with HBO
and improvement of varying degrees were
ohserved. Positive improvement shown
in: 40 cases investigated earlier at our
centre!? justified further sindies:
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Method

This study presenis another 70 cases
treated with HBO.  All of them had a

hiztory of peripheral vascular disease of

more than 4 vears duraton and showed
na lasting hencfit with other modes of
therapy, In most of these cases lumber
sympathectomy was catried out.  The
r2lief of symploms were temporary
lasting for few months,

Bascline record of degree of rest pain,
presence of non-healing uleers, ¢laudi-
cation distance on walking, bicyele
ergography and skin temperature were
noted. Femoral arteriography were done
on 25 cases of this group.

The syimptom of pain was defined into
4 grades depending on severity,
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Gradel — Where the pain appears
after prolonged exercise
only ;

Grade Il — Where puin hecomes

severe with  walking for
less than 400 yds, ;

Grade [I1 — Rest pain Is present but is
relicved with medication ;

Grade 1V — Rest pain is present and
dose not get relief with

Claudiention distance was measured
beyond which the patient was unahle 1o
walk without taking rest.  Claudicarion
time¢ was clicited by bigycle ergograph
against o fixed resistance of 40 waits at
60 rpan, and the time was noted il the
patient was unable to continue any
further. This test was carried for o
maximum period of 15 minutes,

Mean body surface temperature (MBTxr)
was caleulated from Ramanathan's
formula®. Temperature of the dorsum of

medication. affected foot was calculoted by averaging
RESULTS
TABLE—IL.
Improvement of pain- severity with HBO Therapy

Before therapy Aflter HBO Theiapy
Gradsgf pain MNumber of subjzcis Girade of pain Number of subject’

Gd. IV I

Gd. IV 17 Gd. III 4

. II 3

Gd, 1 4

Gd. 111 4

Gl 11 44 Gd. 11 18

Gd, I 22

l Gd. 11 2

Gd. 11 g Gd. 7
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the temperature from tiree fixed anatomi-
eal positions and the temperature Eradient
way ‘calculated by noting the difference
between MBPTa and the average foot
lemperature, A reduction in temperature
gradient was taken as an improvemenl of
local condition.

The HBO treaiment schedule consistsof
%0 minutes exposures of HBO a1 2 5 ATA
ina hyperbaric chamber once ¢very day
for 36 cxposwres. This has been found
to be safe and effective by Wadhawan and
co-workers!y,  Afier completion of 36
exposures  the patients were reviewed
after 2 months based on the measurement
of same paramcters. They were again
reviewed [2 months later to determine

whether the improvements, if any, oare
maintined,” Two cases have heen
reviewed 2 years after completion of HBO
therapy.

Resulls 2

Most of the patients suffering  from
Gd. M and Geb. 1V pain showed marked
improvement after therapy a3 may be
seen from Table-l. 52 cases got relief
from rest pain out of 61 cases ILwas
commanly ghserved that relief started to
be noticeable after 10 days of treatment,

21 patients of this series had non-healing
uleers, four of them were showing signs
of impending gangrene and 2 developed

TABLE Tl

Table showing improvement of Claudication distance after HBO Therapy.
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Result contd.

meist pangrene. HBO therapy was
administered along with rouune local
dressings,  Ulcers healed up completely
in 14 tages on campletion of therapy and
T patients ghowed improvement o Lthe
extent of 60 1o B0 which subseguently
healed, 2 cases of gnngrenous toes were
disarticulated and healthy  granulation
tissue formed while the HBO therapy was
continued, The healing was found 1o be
complete during subsequent review,

Table 11 shows the improvement in

clandication distance ufier therapy, 59 of
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the 65 subjects showed improvement, of
which 10 patients could walk for more
than | mile. 5 subjects were not tested, 3
of them were ampuicesand 2 could nol
walk because of gangrenous loe,

Resulis of observation on claudication
time are shown in Table 111, Most of the
subjects showed improvement. Howevers
4 patients showed a reduction in claudica-

l1on Lime,

Improvement in fool lemperalure @s
measured from temperature gradient is
shown in Table IV, 7 subjects did not show

any improvement.

TARLE M1

Tahle showing the changes in Claudication time afler HIBO,

Before therapy | Time losevere pain after therapy (minutes)
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TABLE 1V

Table showing the improvement in temperature gradient HBO thecapy

Improvement by °C Number of Subjects
Less than 0.5 2l
L R T 17
1.6 - 1.5 10
1.5 2.0 4
More than 2.0 11
No significant improvement 7

FemoralArieriographywas performed to
demonstirate any increase in regional circu-
lation, Someareshown in Fig. 1 to Fig. 10
Radiological improvement in a number of
cases was appreciable and could be corre-
lated with ¢linical improvement. - Four
cases did not show radiological improve-
ment, nspite of elinical improvement
observed in 3 of them.

Diiscnssion :

The availability of increased oxygen
content in blood ‘as well a3 increased
oxygen tension in the tissues are the basic
paints an which the rationale of HBO
therapy depends. These two faciots over-
come the arterial insuficiency in thedistal
limb with existing vascular pathology thus
releving the siate of chromic ischaemia.
However, the major epponents of thix
view expressed their doubt about any in-
creis? in oxveen availability 1o the tissue
Bird and Telfer?  have shown that in-

4 0 ACM. 5 ol India, Aprll [974

ereased oavgen content under

HHEO s
usually asseetated with o reduced hlood

flow in the limb in a normal subjecl.
Thus, they argued, that an observed 189
increase in blood oxyveen content at 2 ATA
and the associared reduction in flow Hy
18.9% cancel each woller. Reduction in
biood Aow in différent orpans has been
found to he common in most of the
normal tissues and is considered to beoa
part of homeostatic respanse. Auntoregula-
tion, though eommon in nocmal tissues,
15 unlikely to be present in pathological
tissues; a finding which has also been ob-
served during neurosurgical rescarch by
Holbach?! wilh cortical blopd flow.
Maoreaver, the reduction in Blaod ow i
not the only factor L. he cunsidercd and
the increase in oxygen tension in the
tissues has a vital reole to play.  Oxygen
transfer to the eells away from capillaries
depends on the tension gradient and the
increase 1n tension under HBO geeatly
facilitates oxygen ipansfer.  That the
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Figure 1 compures the vascularity around knee joint before HBO therapy in a subject

with that ufter HE O therapy in Figure 2. The increase in collateral circulation and the
ppening of the lower part of poplit 2

artery can be seen in Fig 2. Clinical improve-

Fig. 3 compares (e vascalarity in the leg, ankle and foor in a subject with that after
HBO therapy in Fig



1ig. 3 compares
HRO therapy with

Iras been noted.

e¢ and upper part of leg in one patienl before
in Fig. 6. Appreciable elinjeal Improvemen

Fig 7 compares the vascularity around ankle before HBO therapy with that after HEO

therapy in Fig. 8.
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lissue oxygen shows an immediate rise n
the limb muscles has been observed by
Ackermnn'  with the help of polarographic
dlectroeles.  The rise in oxygen 1ension
.t_'lﬂﬁ hod oy been found in muscular fissoe
bul similar finding has also heen reported
by Jacob® where the cognitive lunction-
Ing o senile persons was abserved 1o have
mproved with HBO therapy by likely re-
aoval of chronie oxygen deprivation in
Ahe eortical tissues,

Boerema® has expressed an opinion
that HBO has no part 1o play in recanali-
ceition; development of collateral circula-
lon-and restoration of blood supply 1o
ALy appreciable degree in chronic cases
ike TAO and, therefore, should not pro-
ide any improvement in claudication,
5;1[-_!1}1-.-1.:1;:1'. ‘A contrary apinion has been
:r:-élpl‘ﬂsse_d by Schribman, '"who obse rved
Cmprovement in his proup of cases. Ina
\lurge majority of our cases the improve-
ment in claudication distance and increase
“in claudication time for an appreciable
period and its sustained effects after the
Adiscontinuation of \herapy are in agree-
Cment with the observation of Schribmant®
This suggest the possibility of improve-
ment in eirculation. The improvemeant in
peripheral skin temperature also favours
this view.

The positive role of hyperbaric oxygen
therapy in superficial lesions in chronizal-
Iy ischaemic limbs has been established
bevond doubt by the improvement ob-
sebvadl in almost all cases of non-healing
ulcers and incipient gangrene. Kidokoro?
has also reported similar result in cases
with ulcer. TInference of improved blood
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supply can be made in these cases us Lhese
improvements arc sustained much beyond
the actual period of exposures:

Improvement in rest pain has been ob-
served in majority of our cages. It may be
due to the direet effect of HBO in redue-
ing anoxic neuritis as  observed by
Bocremal. The theory of anoxXic neuritis
as the cause of rest pain cin also be ¢orro-
borated in our group of cases where duily
injections of Meurobion Thizmine hydro-
chlore (33 mg.), Pyridoxine hydroclhiore
(33 mg), Cyanocobalamine (333 Mgm.) for
7 to 10 davs were found 10 be clective .
in putienl prior 10 HBO  therapy. Haows
ever, the improvement was nol sustained
and the effects wore off after discontinug-
tion of injeciions, as the basic condition
of chronic tissue anoxid was not altered
On the other hand, a course of HBO was
found to have a sustaincd elfect in reduc-
tion of rest pain for long periad and thus
an improvement of underlying pathology
of chronic hypoxic state by improved cir-
culation can be deducted.

Siudies on femoral arteriography  has
helped to demonstrate actual inerease In
collateral circulallon and recanalisation in
some of our cases afier HBOQ  therapy.
However, a iew cases did nmot show any
radiologleal improvement though rthere
was improvement in clinical condition, It
may be argued that the radiological im-
provement can only be detected i’ the
newly developad blood vesssls arc higger
than certain minimum size 1 the smaller
vessels specially capillaries cannot be  de-
monsirated. For this reason we have
started taking muscle biopsy fom call
muscle of the affected limbh which may
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