Effects of Hyperbaric Oxygen in the Treatment of
Traumatic Injury with Acute Vascular Insufficiency
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Abstract

F{ WIRTLEEN cases of trovmalic injurics with acute
vaseular insulliviency and threatened gangrene have
been treated with hyperbaric oxygen (HBO), Twelve
showed moked improvement where the limbs could
be saved, HEO helps in maintaining viability of
isrhaemin tissue and provides vital time for the repas
ralive process o restore adeguate circulation which
may take a few days and thug save rhe limb,  Addi-
tionally, HUCY helps 1o conwrol infection when used
with amtibiotics and also helps in early healing. It
& a powerful therapeutic adjunct (o sureicul treat-
meul in such cases and should be used for hest ad-
vantage where the facilitics exisr,

Iniroduetion

Acate traumatie injuries to the Bmhs resulting
from industrial and wehicular accidents are on the
increase in recent years, Injuries sre ofien exiensive
involving damage to many vessels, These casesnenally
Iead to increasing ischaemia of the limb due 1o vas-
cular insufficiency and subsequent ganerene oflen
necessitating amputation,  Jschaemic necrosizs duc to
acule vascular insufficiency haz been treated with
carly administiralion of hyperbaric oxygen (HBO) in
14 cases of accidents. HBEO therapy zlong

with other surgical treatment resulted in saving of

limbs in most of these cases,

HEO therapy in ischaemic conditions is based on
the assumption thatwhen the tissize zurvival is jeapar-
dised by acute onget of tissue hypoxia, oxyveen is made
available in the form of physical solution bypass-
ing the damaged vascular system. A lincar rclation-
ship exists belween the pressure under which oxvgen

is breathed and the volume ol oxygen available in solo-
tion, Thus, fram a normal quantity of 0.3 ml of oxy-
gen in solution per 100 ml of blood while Lreathing
air al sea level, the volume increpses to b ml while
expased to HBO at 3 atmospheric pressure (ATA).
Maoreover, IO also leads to considerable ipcrense in
oryveen tension and thus results inoa better transfor
of axypen to schacmic tissues doe to higher oxygen
tension gradient,

In an injured limh with atherwise healthy blaod
vessels the ultimate value of HBO depends wainly on
whether iL can sustsin hypoxic tissues while reparative
processes restore an adequate circulation,  Maoreover,
this also minimises permanent Lissue destruction Lhere-
by allowing time to undertake elective surgery when-
ever there is any need,

Ketchum et al®, Illingwoerth? and Slach el al?
have reported cncouraging results from HBO therapy
in trauymatic ischaemic lesions.  “Uhis study presents a
sepies of 1 cases trealed with HBO, 8 of which were
invalved in road accidents affecting lower limbs and
G cases of extensive injuries of upper limbs, resulting
in fractures, ischaemic limb and threatened gangrene,
12 of these cases showed considerable improvement
and 1hinbs could he saved.

Treatment Schedule

The patient was placed in Hyporbaric Oxvgen
Chamber and oxvgen was supplied through an oro-
nazal mask.  The chamber was pressurised to 28
psig (ahout 3 ATA) or (o 22.9 psig (2.5 ATA), with
compressed air,  Breathing 1) pereent  oxygen
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through & well fitting mask provided with pressure-
compensated cxpiratory valve ensured the supply of
required exvgen under high pressure (OHP). Du-
ring the first 24 hours, the patient wsually received
two such exposures, lollowed by one sxposure daily
on suceeeding days. The duration wied ta be 2 hours
o the first day and 1.5 hours on subsequent davs,
Initially, the patients were treated for oas long as
IG 15 days but later the number of cxposures were
reduced depending on  individual’s  response to the
therapy.

Group T2 Compound fracture and soft tissue injury of
lower limb with threatencd gangrene :

Case |

RW, 18 years, male. A cese of scooter accident
sustaining (ractove of head of fibula and tibial there-
sity ol right side. POP cast, which was applied
initially, had tn be removed afier 36 bours due 1o
onsel ol severe pain in leg wnd loot with Dlueish
disedonration, marked swelling and cold fect below
ankle. G days later, 1he shin over the wound was
lound discolowred ond o large guantity of pos was
drained which was found vnder tenzion,
below popliteal artery was absent.  Durimg the next
three days lurge groups ol muoscles ol all compare-
ments of lep were found devitalised and parches of
bluish and black discolouration over sole and dorsum
were [ound extending to include all toes. Second oo
liad dry gangrene, 1o the precence of continuoing

Pulsztion

deterivralivn with a piclure of impending gangrene ol
{frot and ischacmic necrotising myositis of leg, prog-
nosis appeared 1o be grave and above-knee amputation
was considersd.  However, it was decided to restric
the progress of necrasis by adminisiration of OLUP and
the patient was sent for HBO thergpy 10 davs alter
cthe injury,  He was found wxic and was managed by
[ree incision drainage of the necrotic muscle groups,
cantibiatics and OHP.  Ile had 2 exposures of 2 hours
‘on the [irst day follewed by one exposure daily for the
néxt & days, Loeal disvolouration started Iimproving
after the 4th exposure.  Local temperature gradually
improved and healthy graoulalion tssue was found
afier f days, The patient was then managed on daily
dressings bt as the improvement became static u
aecond course of OHP was given alter 10 days with
daily exposures ol 2 hours fer 6 davs. Romarkable
improvemant was noied both in local condition and
toxaemia. Reconstructive surgery with skin graliing
was undertaken later and thus a leg was saved which
was almost being lost.
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Case 2

HREBE. 33 years, male, A victimy of o motor cycle
acoident who sustained compound fracture of riglil
tibia and fibula ar the upper third.
insufficicncy was noled In the vight leg and foot with

(Grass vasoular

Lluish discalotration, cold extremity and absence of
pulsation, He was treated with antibiotics and fre-
quent drainage.  There was no Improvement in the
patient’s candition and he was referred an (he third
day afer the accident tor LIBO theapy, O was
administered  twice during the Grst 24 hours aned
subsequently treated with enc daily exposure for I
dave.  He beeame fully ambulawry and returned o
his Tull duties with a mild degresof foot drop, which
Lias been corrected by a surgical boot,

Caxe 3

A case ol seoater aceident
sustamning fracuure of left tibia and fibula with albsence
of pulsation below  poplitcal areery, cold Tear and
cyanotie discolouration,  [le swwas given (1P with.
m 12 und 2 expuosures
during hours and onc exposure daily on

2, 30 years;, male.

bours of Lhe uccident
firsr 24
subsequent davs, He did not show any Improvenent
in temperature ar diseolonration and OYHP was dis-
comtinued alter W davs, A below-knee amputation

had to be carried out.

Case 4

PN, 22 years, male. A case of motor ovels
accident who sustained fraciure lelt femur, tibia anc
fibula. This was treated with nailing of fermur and
POPF for rhia and fibola,  This was follewed by
acule swelling ot leg, pain and bluish discelouration
from the ankle spreading upwardse  Hoe owas treated
with OLIP, with one cxpesure daily.  1le reported
relief [romg 4th day onwaids and became symptorm-
frec after 14 exposures.

Case: 3

SN, 40 vears, male. Met with a scoator accident
sustaining multiple solt tissue injuries of righl side
of body, of right lez and thich. XN-rav showed gas
shadows on latece] aspect of thigh and smear showing
spore-hearing orpaniams. . There was gross contarmi-
naticn of the wound with discolonration of Teg.and
the foot was found cold,  Along with other treatment
he was given OHP with 2 exposurcs on the first day
and one exposure daily on subsequent days.  Aflter
the third exposure his local and general condilion
improved considerably with return of eolour and
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Improvement in temperature,

lathological report
did not confirm Cl. Welchi and OHE was discontinued
alter the progress was found to be satisfactory.

Case 6

ML, 24 vyears, male, A case of motor cyele
aceident sustaiming fracture of right tibia and Gbula,
The patient was received after 24 hours for OQOHP
treatment with cold leet and evanotic discolouration
upto ankle and absence of pulsation below popliteal
artery.  He was treated with 2 cxposures during
first 24 hours and one exposure daily on subsequent
dave for atatal of 15 cxposures.  The improvement
wiy noticed after the 3th day and he had an unevent-
ful recovery.

ase 7

5, 22 years, male. A ease of motor eyele accident
with fracture of right ribia and ibula,  His foot was
colid with Lluish discolouration upto ankle when the
patient was received 24 hours aller injury for QUP
lreatiment, Lo was given 2 exposures during fiest 24
howrs and one exposure daily on subsequent days.
Local condition improved considerably on the thied
day and OHP reatment was discontinned 4 days later,

Clave ¥

GP, 48 years, male. A caze of motar cyecle
aceident with fracture right tibia a1 upper third and
dislocation of head of fibula. The patient was received
% days after the injury with foul smelling wound,
oedema leg, cold feet with black discolouration below
knee and absence of pulsation of poplitcal artery. He-
was treated with 2 exposures of OHP on first day and
2 pm second day., (Gangrenc had already sel inaod
abiove-knee ampulation was performed afier the second
CIHT expasure,  OHP was continued for 3 days, the
wound healed and he responded well witbout Turther
complications,

Group IT :
SANTEEne

Extcnsive injuries of hand with threatened

Cire O

G, 20 yvoars, male. Received extensive inpjuries
of right hand, arm and palm from 2 rotating pro
]TIII‘:”E-T of anaircrafl. He had comminuted fracture
arcund clbow joint including radius and ulna, injury
ol hand involving complete loss of 4th and 3th fin-
gers from metacarpal, loss of thumb, middle and
mdex finger fram hase of proximal phalanx, mjuries
of flexors of forearm, triceps and brachialis muscles

a6

with damage to brachial artery. There was comp-
lete loss of skin on flexor sule of forearm, hand and
fingers. Due to the extensive nature of the injuries,
OHP was srarted after the local dressing, 2 exposures
were given during the first 24 hours followed by one
exposure  daily for next 7 days, The swound was
cavered with split skin gralt from the thigh which
took up well during QNP therapy,  Reconstenstion
was done later with plaitic surgery.

Cave MU

G, 35 years, male, Suttered an
Blast injury of right hand from explosion ol o grenarde,
Whale hand was macerated with multiple Traclures.
Fore finger and middle fingers were hanging loosu
with compound fracture through the base ol metn-
carpal bones. Thurb and little fingers had com-
pound dislocation and disruption of carpe-metacarpal
juints.  Ring linger had compound fracture through
the hase of metacarpal bone but had  adequate tissue
around it,  Vitality of thumb  was  very doubudul,
Index and middle fingers were shattered,  Fracture
diglpeation of thumb, ring and little lingers were
reduced and flaps were desipned to give maximum
skin covernge., OHP was: started with ¥ exposures
during frse 24 hours, 2 exposures on Lhe second day
and one expasare daily far the next four days. The
skin grafl was well taken and the thumb showed re-
markable improvement in bloed supply. Repuralive
surgery was carried our and the patient was dischar-
ged with working thumb, ring and little lingers with
gond ranpe of movements,

acculenial

Cuse 11

W, 1% years, male,  While working on a lathe
the patient recewed erush injury of right hand result-
ing in degloving of skin from palm and dorsum upto
the wrist, The patient was treated with astibiotics
and loeal dressing for 15 days.  Terminal phalanges
of all ingers developed dry gangrene, Degeneration
of skin was [ound extending proximally and secondary
infection cottld not bo hrought under control. The
patient was sent for OHP therapy after 13 days.  1le
was given 2 cxposures of OHP during Grsl 241 hours
followed by one expeosure daily for next 3 days,
Amputation of terminal phalanges was carried out,
‘I'he wound was found o be clearing and skin gralfting
was cartled gut to cover the big area of raw wound
aver the palm [ellowed by plastic surgery.

Cave 2

HJ, 26 years, male. A case of blast injury of
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right hand received while working on an aircrall
engine.  Whole hand was disorganised. "Uhere was
deep lacerated wound running between the 1th and
Sth fingers exlending to the palm, andthe index and
middle fingers were hanpging at the metacarpa-phal-
angeal joints and the thumb  was banging  with @
skin tag. Surgical toilet and repair were donc,
On the 5th day, ganpgrene of the index and middle
fingers was noticed extending upto proximal phalans
af middle finger. He wag treated with OTIT for 7
days, Improvement was noticed [rom the 4th day in
local and generul condition. Discolovration was
reduced and healthy granulation tssue was observed.
Disarticulation was done  at metacurpoplalangeal
joints of middle and index fingers.  Wound healing
was satisfactory and the thumbl waos taken up very
well, He was discharged with a hand havieg a
reastnably pood i,

Group 1L : Fracture of bomes of forearm and arm
resulting from accidental [l with acute vascular in-
sufficiency and threatened gangrene

Case 13

GE, 5 years, male. Sustained right supracondy.
lar fraciore complicated with progressive ischacmia
of hand and forearm on the Gth day alter the injury,
The Loy was referred for OLIP therapy and was
found to have marked oedema with  blister formation
upte the lower third of forearm with black finger tips.
The hand was completely eold.  Ile was rreated with
OHP with 2 exposures an the first day followed by
une expusure daily on subsequent days for 4 days.
Local condition showed improvement en the 3rd day,
temperature improved and the dark patches gradually
cleared up. Impending gangrens was sopped and
the fracture was managed followed by physiotherapy.

Case 14

B, 8 years, male, Sustained fracture of right
humerus, radius and nlna from an accidental fall
[rom a tree, His forearm was found cold with binish
diseolouration which was noticed on the 3rd day,
He was treated with OHP for 7 days.  Afier 3 days
of treatment gradual improvemenl was noticed and
he made an uneventful recovery,

Results
Of the 14 cased Lreated with OHP, U cases had
extensive injuries to the lower limb with threatened

pangrene.  Two ol these cases reported a number of
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duvs alter the acoident and took much longer tme tw

heal, In 0 cases, treatment counld be stariod carly
and showed gond recovery, In one case, OHP had
no benelicial elfect after 10 days of creatment and
amputation had to be carried out, OQur of 4 casges ol
extensive injuries to tho hand, one case reported 13
davs after the injury. In rhis case HBO
helpful in controlling the intection and for a hetter
uptake of skin graft during subsequent treatment,
In wther 3 cuses, the injurics were exlopsive and sith
the impending pangrene, amputation at the level of
wrist was considered unavoidable.  However, OHP
could save the damaged tissue and with reconsteuctive
surgery all these palients were discharped with a

WY el

working hand and a reisonabile grip,

Discussion

lu the treatment of limb injuries  with wcute
vascular insufficicney OHP Lus an important role in
removing  schaemia and delaying  tissug neorosis,
Osxygen v made availuble ro the tissues forsurvival in
an cffort to buy time so that circulation can again by
restored either by development of new colluterals or
Ly opening up the existing ones.  T'he Al fueslion
is whether the tissne can be kept alive till saeh rimee
reparative processes take place and this depends mostly
on two luctors:  (a) the extent of damage Lo the blood
vessels and rizsucs, and (B) the ioitial delay 1o ostart
CHP trearment after the onser of vascular insulficiency,
It has often been argued that the effeet of OHP in
angmenting the availability of oxygen in lschaemic
vissue is doubtful, us increased oxygen content in Lluod
iz ofien nullified by associzted vasoconstriction.  In
normal personsa reduerion in limb blood Flow by abont
20 percent has been observed during cxposure (o 1P
at 2 ATA. Hoawever, the associated vasoconsrriclion
limiting the bload flaw on exposure lo OHP may bo
explained asa protective mechanism in normal healthy
limb to limit exygen and iy not likely in ischacmic
tissue where oxvgen is primarily delicient.  Stalker®
el al reported Lthe effect of increased oxygen in caperi-
menially pradoced acute prolonged ischafmia in the
hind leg of dogs and observed that during hyperoxia
availability ol oxvgen is increased inischacmic limb
with an increase in oxygen toasion of the ellluent ven-
ous blood, The argument hased on the linding,
of Bird and Telfar' that OHP may lead 1o acuie
vasosxasm has nor hecn supported by other workers
and with our experience with over 10,000 exposures
in the hyperharic chamber at vur Tustitute a sitnation
his oot been mer where acure spasm has veeurred

prr.m;nmtmg 4 CTkEs.
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In extensive injurie: where damaged tissues are
badly eontaminared and gross secondary infection has
develuped, bLlood vessels are hikely to be affected due
tn inleetion am) OHP helps in restricting its spread.
It is more soin casesof road accidents where gas
ranrrene  and likely
Capillary proliferation, formation of healthy gramitla-
lion tissue and epithelial regeneration are improved®
with OHP wilich accelerates healing.
necrased tisvoe can be delaved o an appropriste
tine and the extent of nssne loss can be reduced,
Flective surgery can be undertaken when definite
zone af demareation is seen in cases of panprene,

(etuiuy  aie complicalions.

Excision ol

OHP in ischasmic limb injurics can be wmore
effeetive i the (herapy is msutured early, before the
onset of gangrene, Tn' extensive injuries with badly
ennigminuied wounds it mav even be nsed as prophiv-
lacties  Treatmen) the facility  exisrs
However, it should be kepr in mind that OHP is nol
1eplacement hut a

wlierever
an alternalive oy for suroery,
powerful therapeutic wljunct 1o surgical trearment,
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