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CASE REPORTS

Fig. 1..Primary incisions made in the anterior
abdominal wall. Note the diffuse areas of gangrenous
tissue present and most marked in the centre of the
wound.
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CURRENT medical interest in hyperbaric
oxygenation stems from the work of

Boerema and Brummelkamp1 in Amsterdam,
who have been among the pioneers in the
application of hyperbaric oxygen to the treat¬
ment of anaerobic wound infections. Much of
the work from Amsterdam and other centres
has been confined to studies on the Clos-
tridia.8'10,14«15 Infections caused by these
organisms usually originate with trauma accom¬

panied by bacterial and foreign-body wound
contamination. We report here one patient in
whom an atraumatic non-clostridial anaerobic
infection did not respond to the usual regimen
of surgical debridement and antibiotics until
hyperbaric oxygen had been employed.
A 60-year-old diabetic woman was admitted to

hospital on January 1, 1968, with a seven-day
history of foul-smelling umbilical discharge and
pruritus, accompanied by general malaise and
increasing pain. Redness and swelling in the peri-
umbilical region had spread transversely across the
abdomen. There was no history of trauma in the
area.

The patient, an obsese woman (170 pounds),
had a marked, red, indurated, tender swelling of
the skin and subcutaneous tissues of the anterior
abdominal wall, three to four inches in width. Her
temperature was 100° F. and her blood pressure
was 90/70 mm. Hg. Laboratory studies showed a

leukocyte count of 10,400 cells per c.mm..pre¬
dominantly polymorphonuclear. A random blood
sugar was 459 mg. per 100 ml. The hemoglobin,
serum electrolyte and blood urea levels were with¬
in normal limits. The urine was strongly positive
for both glucose (++++ ) and ketones (+++).

Following intensive treatment of her diabetic
state, on January 2, 1968, under general anesthesia,
a wide transverse incision was made in the skin
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and subcutaneous tissues with small incisions
extending upward and downward from the um-

bilicus (Fig. 1). Watery pus and foul-smelling gas
escaped from the abscess and it was evident that
the subcutaneous tissues were gangrenous. Cultures
were taken; the necrotic tissue was widely excised;
the wound was packed with petroleum-jelly gauze
and left open.
The patient subsequendy received intravenous

penicillin G, 10 million units during each 10-hour
period, and intravenous ampicillin, 1 g. per 20-
hour period. Her hyperglycemia responded to in¬
sulin. The pyrexia and leukocyte count fell to
normal on the first postoperative day. However,
the patient remained ill over the subsequent week;
she had a low-grade fever, and there was a continu¬
ous discharge from the wound. Cultures taken at
the time of the primary incision yielded a growth
of streptococci, Actinomyces and gram-negative
rods resembling bacteroids; all three grew actively
in anerobic culture and all were sensitive to the
antibiotics being used. The lack of response to the
antibiotics administered was accompanied by spread
of the infection into the left flank which necessi-
tated a further debridement on January 6 and
extension of the incision into this flank (Fig. 2).

At this juncture the patient was exposed to

hyperbaric oxygenation and received a total of 11
treatments over eight days. The duration of each
exposure varied from Vk to 3& hours, at a pressure
of 3 atmospheres absolute. By administering the
oxygen through a face mask the average arterial
blood oxygen saturation achieved was 1497 mm. Hg
at a blood pH of 7.4. Oxygen was also administered
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Fig. 2..Second debridement and extension of the
wound five days after admission to hospital. The skin
edges and deeper aspects of the wound still appear
necrotic and there is extensive undermining of the sub¬
cutaneous tissues.

directly to the infected area under a plastic sheet
covering the wound. By employing the latter
maneuver, a higher tissue oxygen level was reached
than would have been otherwise possible because
of the impaired circulation. The patient felt much
improved after these additional treatments.

Fig. 3..Secondary wound closure employing tension
sutures. The skin edges appear healthy. Note the
presence of in situ suction drainage at each end of the
wound.

Secondary wound closure was carried out on

January 24, leaving an in situ suction (Fig. 3); on

February 4 the sutures and drainage were removed.
The patient was discharged with a healed wound
(Fig. 4).

Fig. 4..Healing wound at the time of the patient's
discharge from hospital. The marginal discolouration
is caused by antiseptic solution. The wound edges have
united and appear healthy.

Discussion
Subcutaneous infections with abscess forma¬

tion will usually respond to the time-honoured
principles of incision and drainage, and the
old adage "Where there is pus, let it out" still
holds good. To this form of therapy, antibiotics
may be added. Problems arise when these mea¬

sures prove inadequate, as they may do in
severely debilitated patients, in patients with
metabolic derangements, e.g. diabetes mellitus,
or when the infection is overwhelming.

In the light of experience gained at other
centres, this indicates that the use of hyper¬
baric oxygen need not be restricted to the
therapy of infections induced by the clostridial
micro-organisms per se. It is reasonable to sup-
pose that any organism which thrives under
conditions of low oxygen tension should be ad-
versely affected by hyperoxygenation, a point
noted by Pittinger.9 Indeed, McAllister et al.7
pointed out that hyperbaric oxygen at 2 atmos-
pheres pressure is toxic for both aerobic and
anaerobic bacteria and for fungi, the effect be¬
ing bacteriostatic rather than bactericidal.
Studies on bacterial suseeptibility to hyper¬
oxygenation, conducted both in vitro and in
vivo, have largely been experimental.4' 6> 7>12

The application of hyperbaric oxygen on a

clinical basis has been almost entirely confined
to clostridial infections, and there are few re¬

ports of its effect upon other wound infections.
Duff et al.,2 in a study of 83 patients treated
with hyperbaric oxygen, describe 6 with infec¬
tions induced by aerobes, 4 of which were of
traumatic etiology. In only two patients was

there marked improvement following hyperbaric
oxygenation. Grainger, Mackenzie and Mc-
Lachlin3 describe two cases of bacterial syner-
gistic gangrene in which this form of treatment
produced good results; in both cases, however,
trauma was a precipitating factor. Hyperbaric
oxygen has been used in the treatment of burns,
and its effect has been noted by Tabor11 and
Wada.13 Himal and Duff5 have reported three
cases of endogenous clostridial gas gangrene
which responded satisfactorily to hyperbaric
oxygenation. The use of hyperbaric oxygen has
been mainly limited to wound infections result¬
ing from trauma, but its use in wound infections
arising "spontaneously" has rarely been reported.

Cellulitis with abscess formation arising ap¬
parently de novo will, in most cases, respond to
antibiotics and surgical intervention. Should it
not do so, however, the use of hyperbaric oxy¬
genation must be considered. It must be em-

phasized that this is no substitute for surgical
and chemotherapeutic treatment; ideally, the
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three forms of therapy should be combined.
There is no valid reason why this therapy should
be confined to clostridial infections.
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V IRILIZATION from ovarian causes is rare
in children. Of five cases of virilizing

ovarian tumours reported in pre-pubertal chil-
dren, two were due to arrhenoblastoma.'
We present a case report of the first arrheno-

blastoma diagnosed at The Hospital for Sick
Children in Toronto.

D.C., a girl aged 13 years and 8 months, was
admitted to hospital for investigation because
deepening of the voice had 'been noticed for three
months. She was the second child of healthy parents,
and a 22-year-old brother was alive and well.
Growth and development had been unremarkable.

Breast development was first noted at 11 years of
age. The menarche occurred soon after the 13th
birthday. After five normal periods had occurred,
menstruation ceased and at this time her voice
deepened.

She was tall (167 cm.) and weighed 54 kg. Her
voice was deep and masculine in type. She had
facial acne and hair on her cheeks and upper lip.
Her abdomen was covered with coarse black hair,
which in the suprapubic region was distributed in
a masculine pattern. Her breasts were poorly de-
veloped. Except for an enlarged clitoris, the external
genitalia were normal. No masses could be felt on
rectal examination. The blood pressure was 120/80.
The physical examination was otherwise normal.
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Hemoglobin, blood smear and differential count,
erythrocyte sedimentation rate and routine urinalysis
were all normal. No abnormalities were seen in the
chest radiograph, intravenous pyelogram or aorto-
gram. Bone age was approximately 15 years. A
buccal smear showed a normal sex chromatin pattern
and the chromosomal karyotype was 46XX. The
vaginal mucosa showed no evidence of estrogenic
effect.
The initial 24-hour urine gave elevated 17-keto-

steroids, normal compound-S (tetrahydro-S) and
pregnanetriol (Table I). A dexamethazone suppres-
sion test was performed (2 mg. of dexamethazone
every six hours by mouth for 48 hours) and re-
sulted in a partial fall of the urinary 17-ketosteroids,
as shown in Table I.
The failure of complete suppression of urinary

17-ketosteroids indicated the presence of neoplastic
tissue which could be located either in the adrenals
or the ovaries. Examination under anesthesia before
laparotomy revealed no pelvic mass. A transverse
lower abdominal Pfannenstiel-type incision was
made and a 6-cm. mass involving the left ovary was
discovered (Fig. 1). There was no evidence of
metastatic spread within the abdomen. On palpa-
tion both adrenal glands were normal. The left
ovary and tube were removed.
The postoperative course was uneventful. The

level of urinary 17-ketosteroids before discharge fell
to 4.8 mg. per 24 hours (normal range: 3.5 to 12
mg. per 24 hours).

Pathological Report
Gross.-The spongy mass replacing the left ovary

weighed 50.7 g. and measured 6 x 4 x 3 cm. The
mottled brown cut surface was divided into irregu-
lar areas by delicate septa of connective tissue.


