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Repair of traumatic aortic arch to innominate vein fistula under deep hypothermia and
circulatory arrest. Penetrating injuries of the thoracic aorta are usually rapidly lethal.
Few patients survive for long enough to undergo surgical treatment. When penetrating
injuries of the thoracic aorta are complicated by arteriovenous fistula a correct pre-
operative diagnosis is important for adequate planning of the surgical repair, and so

selective angiography is essential. The best approach is through a median sternotomy
with the use of total cardiopulmonary bypass with or without deep hypothermia and
circulatory arrest. Fistulae between aorta and innominate vein invariably lead to
congestive cardiac failure. A review of the literature suggests that signs of cardiac
failure rarely appear early. Congestive failure developed within 30 days of the initial
trauma in only two of the 12 reported cases. In our case, the early onset of cardiac failure
refractory to therapy and the appearance of an expanding pulsatile mass at the base of
the neck, threatening rupture, necessitated emergency surgical treatment.

Penetrating injuries of the thoracic aorta are
usually rapidly lethal. Necropsy reports of 456
deaths following penetrating injuries of the heart
and aorta showed that only 18% of the patients
survived for longer than one hour, or long
enough to undergo surgical treatment (Parmley,
Mattingly, and Manion, 1958). The operative
findings include isolated intra- and extrapericar-
dial lesions of the aorta, fistulae between the
aorta and the cardiac chambers, aortopulmonary
artery fistula, and fistulae between the aorta and
the venous system (Symbas and Sehdeva, 1970;
Jeresaty, Khan, and Knight, 1972). We report the
successful surgical repair of a double penetrating
injury of the aortic arch associated with aorta to
left innominate vein fistula and a false aneurysm
in the concavity of the aortic arch.

CASE REPORT

A 48-year-old woman was referred to our institu-
tion seven days after the initial injury because
of the appearance of a continuous murmur at the
site of a stab wound in the right subclavian region
and signs of congestive heart failure. The wound

had been treated at the time by direct suture of
the skin. On physical examination she had an
arterial pressure of 120/60 mmHg and a heart rate
of 104/minute. A continuous murmur was audible
over the anterior upper right chest and she had
marked pretibial oedema. The haematocrit was
25% and the haemoglobin 8 5 g/dl. The chest
radiograph showed bilateral pleural effusions and
widening of the superior mediastinum. The
electrocardiogram showed sinus rhythm and signs
of left ventricular overload.
The patient was initially treated with digitalis

and diuretics. Two days after admission a
pulsatile, expanding mass appeared above the
suprasternal notch (Fig. 1). An aortogram was
therefore performed, which demonstrated a mas-
sive aneurysm of the aortic arch, compressing the
innominate artery, displacing the left common
carotid and left subclavian arteries, and also re-
vealed early opacification of the left innominate
vein, superior vena cava, right atrium, and right
ventricle (Fig. 2).
With the diagnosis of aortic arch to left inno-

minate vein fistula the patient underwent emerg-
ency surgical treatment.
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FIG. 1. The protruding pulsatile mass is located
above the sternal notch.

FIG. 2. Injection of contrast medium in the root of
the aorta shows two false aneurysms above and to the
right of the aortic arch, and the diverging innominate
and left common carotid arteries. There is early opaci-
fication of the right atrium and right ventricle.

Partial cardiopulmonary bypass and core cool-
ing were instituted by cannulating the right
femoral artery and vein. A median sternotomy

incision was prolonged along the anterior border
of the right sternomastoid muscle.
The superior vena cava was then cannulated

and the left ventricle vented through the left
atrium. The pulsatile mass, which appeared to
be a false aneurysm, and the innominate vein, site
of a palpable thrill, were dissected free.
The heart fibrillated at 250C and when the

oesophageal temperature reached 21 OC the bypass
was stopped.

There was a 6 mm laceration in the left inno-
minate vein, which opened into a false aneurysm,
4 cm in diameter, communicating with the aortic
arch close to the origin of the left common carotid
artery. This vessel was detached at its origin for
two-thirds of its circumference. An outlet stab
wound was present on the postero-inferior aortic
wall, communicating with a second smaller false
aneurysm.
The innominate vein was divided; the posterior

aortic injury was first repaired from within the
lumen, the origin of the left common carotid
artery was reconstructed, and the anterior wall of
the aorta repaired with a continuous suture.

After 60 minutes of circulatory arrest, cardio-
pulmonary bypass was re-established. With re-
warming the heart defibrillated spontaneously at
250C. The continuity of the left innominate vein
was restored by means of a Dacron tube.
The postoperative course was uneventful. Two

days after operation anticoagulant therapy was
started. Progressive reduction of the signs of con-
gestive cardiac failure was observed. Before the
patient's discharge from hosp.tal a repeat aorto-
gram showed satisfactory repair of the aortic
arch (Fig. 3). A left jugular phlebogram demon-
strated thrombotic occlusion of the left inno-
minate vein with adequate 'venous flow through
collaterals such as the cervicomediastinal and
parietothoracic veins. The patient was discharged
26 days after operat on without therapy.

DISCUSSION

Penetrating injuries of the thoracic aorta present
with a wide pathological spectrum. In this hetero-
geneous group, fistulae between the aortic arch
and left innominate vein are a small minority. In
the 12 cases which have been published, surgical
repair was performed with different techniques
and at varying interv-als of time from the initial
trauma (Proctor, 1950; McCook, 1952; Sealy and
Fawcett, 1955; Beall, Roof, and De Bakey, 1962;
Conrad, Cartwright, and Mostyn, 1962; Giraud,
1965; Tarlov and Greenfield, 1968; Quijano Pit-
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Repair of traumatic aortic arch under deep hypothermia

FIG. 3. Postoperative aortogram: satisfactory recon-
struction of the aortic arch and origin of the left
common carotid artery.

man et al., 1969; Fujise et al., 1970; Symbas and
Sehdeva, 1970; Brickman et al., 1971; Treiman
et al., 1971). Our patient was referred to this
hospital seven days after the penetrating injury
with signs of congestive heart failure and an
expanding pulsatile mass in the jugular region.
Most of the patients previously reported developed
symptoms after a period of 2 to 20 years after
the initial trauma. In two cases only was emerg-
ency surgical treatment necessary within 30 days
(Treiman et al., 1971).

Surgical techniques have included direct repair
of the lesion with partial clamping of the aorta,
temporary bypass between the aorta and the
neck vessels, and, in the presence of more com-
plex lesions or when the preoperative diagnosis
was not precise, total cardiopulmonary bypass
with normothermia or deep hypothermia and
circulatory arrest. The surgical approaches have
varied from median sternotomy, with or without
resection of the clavicle or extension of the in-
cision above it, and uni- or bilateral thoracotomy.
We believe that deep hypothermia with circula-

tory arrest is essential when the site of the fistula
and the presence and dimensions of a false
aneurysm have not been well defined angiographi-
cally, in order to diminish the risk of uncontrol-
lable operative haemorrhage (Borst, Schaudig,
and Rudolph, 1964). In this type of case there is
frequently profuse bleeding from venous col-
laterals under the high-pressure pulsatile flow of
blood from the aorta and its branches (LeVeen
and Cerruti, 1963). In our case the preoperative
aortogram revealed a fistula between the aorta
and the left innominate vein through a false
aneurysm. The operative findings showed this
diagnosis to be incomplete because we found a
second aortic aneurysm on the postero-inferior
wall of the arch.
The innominate vein has been dealt with by a

variety of techniques, including direct repair,
prosthetic replacement, or simple ligature. Ac-
cording to Tarlov and Greenfield (1968), the
innominate vein can be safely ligated, while the
risk of thrombosis and embolism seems to con-
traindicate the use of prosthetic material. In our
case, the continuity of the innominate vein was
restored by means of a Dacron tube, but the
postoperative phlebogram showed complete occlu-
sion of the prosthesis. Nevertheless even a brief
period of patency might have allowed better cere-
bral venous drainage in the immediate postopera-
tive period, and its gradual occlusion may have
encouraged the development of the collateral
circulation.
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