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Adjunctive hyperbaric oxygen therapy contributes healing in
electrical mjury: a case report of high voltage electrical injury

Elektrik yaralanmalarinda yardimeci tedavi olarak hiperbarik oksijen: yuksek voltaj
elektrik yanig1 olgusunda hiperbarik oksijen (HBO) kullaniminin iyilesmeye katkisi

Maide CIMSIT',

Elektrik yaniklarinda kurtarilabilen doku oranim
arttirmak ve klinik sonuclari arzu edilen duzeylere ¢i-
karabilmek i¢in yeni tedavi yaklasimlarina ve proto-
kollere ihtiya¢ bulunmaktadir. Iliskin literaturtin goz-
den gecirilmesi ve referanslarin taranmasi sonucu
elektrik yaniklarinda termal hasar1 6nlemek amaciyla
hiperbarik oksijen tedavisinin kullanimina ait bir yay1-
na rastlanmanmustir. Bununla birlikte hiperbarik oksi-
jen tedavisi, elektrik yaralanmalarinin klinigini olustu-
ran termal yanik, ezilme (crush) yaralanmasi, nekroti-
zan yumusak doku infeksiyonlari, sorunlu yaralar ile
deri greft ve flepleri gibi bir cok durumda endikedir.

Geri dontssiiz hasar olusmadan once uygulanan hi-
perbarik oksijen tedavisinin yararli olacagini goster-
mek tzere yuksek voltajl elektrik carpmasindan sonra
yardimct tedavi olarak ilk hafta gtinde iki kez ve sonra-
ki alti gun gunde bir kez olmak tzere 2,4 ATAlk ba-
sincta 90 dakikalik toplam 20 seans hiperbarik oksijen
tedavisine alinmis 11 yasindaki bir olgu sunulmustur

Tedaviden en fazla yararin beklendigi erken donem
(tedavi penceresi) gecildikten sonra olduke¢a gecikme-
li bir evrede baslanmus olsa bile hiperbarik oksijen te-
davisi ile nekroz, infeksiyon ve doku kaybina kars: sa-
vasimda onemli faydalar saglanmistir..

Yara iyilesmesine katkida bulundugu icin hiperba-
rik oksijen tedavisinden elektrik yaniklarinda yardim-
c1 tedavi ajani olarak yararlanilabilecegi ileri surtlmiis-
tar. Olumlu sonuclarin elde edilebilmesi icin tedavinin
ilk 24 saat icinde baslatilmas1 daha uygundur.

Anabhtar sozciikler: Elektrik yanigi, tedavi, hiperba-
rik oksijen,

Samil AKTAS'

In electrical injuries, new treatment modaliti-
es and guidelines are needed for improving clini-
cal outcome and the survival of damaged tissue.
Although there is no published study about
hyperbaric oxygen (HBO) therapy for electrical
injury in the literature, it is indicated in conditi-
ons, which may contribute to the clinical presen-
tation of electrical injury such as thermal burns,
crush injuries, necrotizing soft tissue infections,
problematic wounds and compromised skin
grafts and flaps.

An 11-year-old child with high voltage electri-
cal injury treated with adjunctive hyperbaric oxy-
gen for 90 minutes twice a day at 2,4 ATA for one
week, then once a day for six days for a total of
20 sessions was presented to demonstrate the be-
neficial effects of hyperbaric oxygen therapy initi-
ated before irreversible damage had taken place.

Although hyperbaric oxygen therapy was ini-
tiated rather late, when the most effective win-
dow for intervention had already past, HBO was
effective in fighting against necrosis, infection
and tissue loss.

Adjunctive HBO therapy is suggested for
electrical injuries for its contribution to healing.
In order to see the favourable effects of HBO, it is
better to start the treatment within the first 24 ho-
urs following injury.
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Electrical injuries are not uncommon and ac-
count for 3-8% of the total admissions to burn
units."?! It is associated with a mortality rate of
0,5-2,5 per 100 000 persons/ year.'*”!

Low voltage (<1000 V) injuries are commonly
seen in children less than six years of age, where-
as high voltage (>1000 V) injuries occur in older
children and adolescents. !

Although survival following electrical injuries
has improved as a result of increased vital physi-
ologic support, little progress has been made in
improving the survival of damaged tissue.'” Major
limb amputation rates have been reported to be as
high as 71%."

The underlying pathophysiology of electrical
injuries in living tissues is not fully understo-
0d[9]. Because of little progress in understanding
of the pathophysiology of tissue injury, the clini-
cal outcome has not improved substantially. Imp-
rovement of clinical outcome is expected due to
new treatment modalities and guidelines based on
more relevant pathophysiology.

Hyperbaric oxygen (HBO) therapy, in which a
patient breathes 100% oxygen intermittently
while inside a treatment chamber at a pressure
higher then sea level pressure (i.e., >1 atmosphe-
re absolute), is used widely as an adjunctive the-
rapy to resolve certain recalcitrant, expensive, or
otherwise hopeless medical problems. The
Hyperbaric Oxygen Committee of the Underwa-
ter and Hyperbaric Medical Society (UHMS) app-
roved 13 indications for HBO in their current re-
port revised in 1999."" On the other hand, Euro-
pean Committee of Hyperbaric Medicine
(ECHM) approves 17 indications."” There is no
published experimental or clinical study about
the use of HBO in electrical injury in the litera-
ture, as far as we are aware of.

The primary rationale for using HBO is that it
increases tissue oxygen tension in hypoxic tissue
to levels, which make where it is possible for the
host responses to function. With HBO at 2 at-
mosphere absolute (ATA) pressures, arterial blood
oxygen content is increased by 125%, while plas-
ma and tissue oxygen tension increase 10-fold.
This results in a three-fold increase in oxygen dif-
fusion through tissue fluids, partially compensa-
ting for the detrimental effect of edema on oxygen
availability to cells.""

Edema reduction due to vasoconstriction is a
secondary effect of tissue hyperoxygenation. Va-

Picture 1. Case TA. On the second day of HBO
therapy.

Picture 2. At the end of the HBO therapy, before left
forearm amputation and skin grafting.
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Picture 3a and 3b. Case TA. On admittance for control.

soconstriction does not diminish local oxygen de-
livery, since it is maintained by hyperoxygenati-
on. This anti -edematous effect of HBO is highly
significant.!"

Tissue oxygen tension influences the rate of
collagen deposition, angiogenesis, and bacterial
clearance in wounds. Fibroblastic proliferation, as
well as synthesis, expression, and stabilization of
collagen are processes that use utilize molecular
oxygen. Neovascularization and epithelization
are also promoted by HBO therapy in compromi-
sed tissue.!"* "1

CASE REPORT

An 11-year-old child who entered the emer-
gency room with an electrical injury was exami-
ned in our clinic on the fifth day. There were 2nd
and 3rd degree burns due to high voltage current
which passed over 35% of his body from his left
hand to his left foot. The fourth and fifth fingers
of the hand were necrosed, and the others were
contracted. There were also infected burn fields
on the neck, anterior thorax and abdomen, and
both arms and legs (Fig 1). The clinical examina-
tion was normal except for the burned areas and
there was no cardiac arrest in the history.

At admittance, a three-fold increase in SGOT,
a slight increase in SGPT, and a six-fold increase
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in creatine phosphokinase and lactate dehydroge-
nase levels were detected. No hemoglobin or
myoglobin was present in the urine.

Before the start of HBO therapy, the urine out-
put was maintained at 2500-3000 cc/day. Three
minimal debridements and the 4th and 5th fin-
gers and half of the 5th metacarp of the left hand
were amputated. Staphylococcus aureus and Pse-
udomonas aeruginosa were found in the cultures
taken from the wound sites. Antibiotherapy was
administered daily as ciprofloxacin 200 mg bid,
amikacin 500 mg qd and vancomycin 250 mg qid.

HBO therapy was applied for 90 minutes twice
daily at 2,4 ATA for one week, then once a day for
six days, to reach a total of 20 sessions.

Laboratory parametres normalized on the 10th
day of admittance. Another debridement of nec-
rotic tissues was performed. All wounds except
the distal left arm were well granulated and free of
infection (Fig 2). The left forearm of the patient
was amputed from the proximal level, where the
current entered the body. Split thickness skin
grafts were successfully applied to the other parts
of the injury (Fig 3a, b).

DISCUSSION
High voltage electrical trauma results in cell

damage by two different and also summative mec-
hanisms: 1) thermal tissue damage, which occurs
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as a result of the joule heating of tissue to sup-
raphysiological temperatures," and 2) electropo-
rative damage which results from cell membrane
breakdown by strong electrical forces. "

The pattern and extent of tissue injury is vari-
able in electrical trauma. It can range from a mi-
nimal skin contact burn to amputation of extre-
mities. Musculoskeletal and cutaneous injuries
are the most common findings in electrical tra-
umas."”

Electricity can lead to partial-thickness skin
burns, full-thickness burns, or more extensive de-
eper tissue burns. Superficial injuries are usually
caused by flash burns or splash burns. The high
temperature can result in severe burns or ignition
of clothing and surrounding materials.""*

Electrical injury is usually presented with
charred skin craters at the contact sites and an ad-
jacent area of inflamed, edematous skin."”’ Edema
also occurs in subcutaneous tissue and muscle.
Although the edema is usually greatest around
the contact sites, it extends for a considerable dis-
tance.” Within minutes to hours of injury, ede-
ma increases because of altered vascular perme-
ability and release of intracellular osmotically ac-
tive peptides. Edema worsens over the following
24-48 hours."?"

When the pressure within the muscle com-
partment, which is caused by edema, exceeds
approximately 30 mmHg, muscle perfusion pres-
sure rises far above normal levels and ischemia
occurs.” Compartment syndrome causes muscle
necrosis and compression neuropathies. It has al-
so been shown that heat or current-induced ves-
sel damage results in aneurismal dilatation, tissue
haemorrhage, vascular thrombosis and devascula-
rization. >

According to the Underwater and Hyperbaric
Medical Society, Hyperbaric Oxygen Committee
and ECHM, a thermal burn is one of the approved
indications of HBO therapy. The main goals of
burn therapy are minimizing edema, preserving
marginally viable tissue, reinforcement of host de-
fences and promotion of wound closure. Adjunc-
tive hyperbaric oxygen therapy can cover these
problems by maintaining microvascular integrity,
minimizing oedema and providing the vital subst-
rates necessary to maintain viability.

Ischemia-reperfusion injury is also important
in the pathophysiology of electrical injuries.”!
Hyperbaric oxygenation appears to protect tissu-

es from reperfusion injury. HBO inhibits the ad-
herence of neutrophils to the endothelial wall of
blood vessels and prevents the damage and extra-
vascular extravasation and progressive edema.
HBO antagonizes lipid peroxidation of the cell
membranes.?" ! In addition, HBO provides suffi-
cient additional oxygen for reperfused tissues to
generate oxygen radical scavengers.'***"

Resembling the crush injury, progressive tissue
necrosis is at greater extent than originally appa-
rent trauma in electrical injuries. However, ‘prog-
ressive necrosis’ is still a controversial concept *
%31 Delayed wound closure in the extremity leads
to scar contracture, stiff joints and significant
functional limitation. Therefore primary amputa-
tion is mostly applied at the first indication of
debridement if the extremities are obviously
mummified. The debrided wound can be left open
for 24-48 hours until a second wound exploration
and debridement can be performed. The tissue da-
mage can be very patchy, irregular and scattered."”
Therefore initially it might be very difficult to
discriminate between viable and necrotic tissues.
Recurrent exploration and debridement are often
required. The most widely practised surgical
approach is to reinspect the wound and debride
obviously necrotic tissue every 48 hours."

In electrical injuries completely necrotic tissu-
es are surrounded with a poorly oxygenated inter-
mediate area and an outer zone where there is
well-oxygenated healthy tissue. The main reason
for using HBO therapy is to prevent or restrict tis-
sue loss. For the already necrotic zone, the use of
oxygen only hastens the development of demar-
cation zone. Oxygen therapy has no beneficial ef-
fect on necrotic tissue. For the intermediate area,
on the other hand, the proper use of HBO can
dramatically change the prognosis. This is an area
where the favourable effects of HBO are seen. An-
ti-hypoxic, anti-edematous, and antibacterial ef-
fects of HBO, together with the promoting effect
on wound healing reduces reduce tissue loss and
morbidity "%

Infection is a major problem in electrical in-
jury. If a skin burn is present, it potentiates cross-
contamination from wound to wound. Wound
treatment is much more difficult as topical antibi-
otics will not be able to reach the area of infecti-
on. During the initial 2-3 days, the principal ca-
usative organism is Staphylacoccus aureus. Later,
organisms, such as Pseudomonas aeruginosa,
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which prefers low-oxygen environment, are com-
monly encountered.” Also anaerobes such as
Clostridiums may cause tetanus, gas gangrene
and necrotizing soft tissue infections.

Hyperbaric oxygen has a direct antibacterial
effect on anaerobes and microaerophylic aerobes,
and an indirect effect on aerobic microorganisms.
HBO facilitates oxidative killing of microorga-
nisms by leukocytes, which is impaired in ische-
mic tissue.”>" It has also shown that HBO has a
synergistic effect with some antibiotics such as
aminoglycosides, quinolones, vancomycin and
clindamycin."

In order to observe these effects, HBO therapy
must be initiated before the self-perpetuating
problems of edema and ischemia lead to irrever-
sible changes. The effects of inflammatory medi-
ators that provide microvascular ischaemic cell
death begin immediately after the injury and the
most of the ensued ischemia would be expected
to be complete by 72-96 hours.[39] If indicated
surgery is delayed, HBO therapy can be adminis-
tered before the surgery. The early application of
HBO therapy is essential for maximum efficacy."”

In the case presented, HBO therapy was star-
ted on the 5th day of the injury when the most ef-
fective window for intervention has already pas-
sed. Nevertheless HBO was effective in fighting
against necrosis, infection and tissue loss. The be-
nefits could have been much more greater if HBO
therapy started earlier, preferably within the first
24 hours following injury. We suggest that ad-
junctive HBO therapy promotes healing of elect-
rical injuries.
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