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Abstract

Conventional surgical treatment of a ruptured aortic arch aneurysm is a challenging approach with a high rate of adverse outcomes. The
midsternotomy can be complicated by total aortic disruption with often fatal massive hemorrhage. A preliminary cardiopulmonary bypass
with peripheral cannulation and cooling is often preferred. Endovascular stents have been used in patients with thoraco-abdominal
aneurysms, with good results. Its lone utilization for rupture of aortic arch aneurysm is not feasible because of the unavoidable occlusion
of cerebral vessels’ origins. A previous aorto-bicarotid bypass is mandatory and it requires the midsternotomy. Hence, we developed a
combined technique. We performed a hybrid approach in a 74-year-old patient, affected by an aortic arch aneurysm, ruptured in its antero-
inferior portion. First we ensured brain perfusion with a temporary surgical extra-anatomic (femoral-bicarotid) bypass. Then an endovascular
stent graft was expanded from the distal portion of ascending aorta to the proximal one of the thoracic aorta, thus excluding the ruptured
portion of the aortic arch. Then the patient underwent the definitive aorto-carotid bypass. This specific combined technique allows the
complete treatment of a ruptured arch aneurysm, lowering the risks connected with sternothomic approach, mainly with previous
cardiopulmonary bypass and deep hypothermic circulatory arrest.
� 2007 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

Rupture of an aortic arch aneurysm (AAA) is a serious,
life-threatening event requiring an emergency treatment.
Conventional technique is the surgical replacement of
ascending aorta and aortic arch. In some cases, because of
the particular anatomy (false aneurysm adjacent to the
overlying sternum), there exists a significant risk of massive
hemorrhage during sternotomy. The risk is higher for redo
surgery, but in literature are described cases of fatal and
total aortic rupture even for patients undergoing first
surgical intervention w1x. This major complication is asso-
ciated with a high mortality. Its management requires
extramediastinal cannulation and deep hypothermia (DH).
Cardiopulmonary bypass (CB) and cooling before sternal
entry would ensure time and exposure to control bleeding,
but circulatory arrest (CA) or low-flow state can be un-
avoidable w2, 3x. CB, DH and CA are associated with a high
morbidity rate because of neurological, renal and pulmo-
nary adverse outcomes w4, 5x.

Recently, the introduction of endovascular stents in the
treatment of thoracic and abdominal aneurysms of the
aorta has resulted, and is associated with a lower mortality
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and morbidity than surgery w6x. Its application in the case
of ruptured aneurysms could be promising allowing to
exclude the damaged portion of the aortic wall but, obvi-
ously, lone stent insertion is not feasible in the aortic arch
because of the origin of cerebral vessels. A combined
approach is then required w7–10x.

We describe a technique to ensure brain perfusion with
extra-anatomical grafting during endostent expansion, in
the case of a ruptured aortic arch aneurysm (judged at
high risk of acute bleeding during sternotomy), followed by
aortic arch branch transposition in off-pump, without
requiring pre-operative femoro-femoral bypass DH and CA.

2. Patient

A 74-year-old man with hypertension, diabetes mellitus
type II, chronic pulmonary disease and dysphonia for 4–5
months presented with chest pain. A first spiral computed
tomography (CT) showed an AAA (4.5 cm) with parietal
thrombosis. One month later a new CT was performed,
showing worsening of AAA: increase of dimensions (6.5 cm)
and rupture (pseudoaneurysm) limited to the proximal
portion and to the anterior aortic wall. The exam did not
reveal aneurysmatic involvement of the supra-aortic
vessels.
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Fig. 2. The picture shows the aorto-bicarotid bypass and the position of
endostent. 1, Aorto-carotid bypass; 2, Endovascular stent; 3, Ruptured aortic
arch aneurysm; 4, Brachiocephalic trunk; 5, Left carotid artery; 6, Left sub-
clavian artery.

Fig. 1. The patient in hemodynamic laboratory. A view of the extra-anatom-
ical femoro-bicarotid conduit.

3. Technique

In the hemodynamic laboratory, after achievement of
general anesthesia and moderate heparinization (ACT lev-
els: 250–300 s), the left common femoral artery (CFA) and
the right and left common carotid artery (CCA), were
surgically exposed. Three Dacron conduits (8 mm) were
anastomosed to each vessel. The Dacron prosthesis was
connected (Y shape) using a Sylastic conduit. The CCAs
were proximally clamped (to avoid flow competition which
could be responsible of an intra-graft clotting), appreciat-
ing a good pulsation distally to the anastomoses (perfusion
from CFA) and monitoring for each carotid artery, an
adequate blood pressure (mean arterial pressure 60–
70 mmHg) through needles 22 G directly inserted into the
vessels with continuous blood pressure monitorization (Fig.
1).

After having established this temporary femoral-bicarotid
bypass, the endovascular stent graft system (Zenith Tho-
racic Endovascular Graft) was inserted through the right
femoral artery. It was expanded from the distal portion of
the ascending aorta to the proximal portion of the thoracic
aorta. Angiography documented the correct positioning of
the vascular stent and revealed no residual endoleak.

The patient was then transferred to the operating room.
Median sternotomy was uneventful. After the exposure of
the aorta and partial clamping in its ascending portion, a
Dacron graft (8 mm) was anastomosed. The distal end of
the graft was anastomosed (end to end) to the brachioce-
phalic trunk and this was proximally ligated. A second
Dacron graft (8 mm) was sutured to the first one creating
a Y graft (proximal end) and then was anastomosed to the
left carotid artery (distal end). The left carotid artery was
ligated to the origin (Fig. 2).

Finally, we removed the previous femoral-bicarotid
bypass.

4. Results

The patient had an uneventful postoperative course. He
was extubated on the first postoperative day. There were
no cerebrovascular, renal or respiratory complications. No

supranormal bleeding was detected (overall bleeding was
450 cc). The patient was discharged on postoperative day
eight.

A CT scan after one week showed correct positioning of
the endostent, with complete exclusion of the aneurysm
and its total thrombosis; no back flow from the left subcla-
vian artery was detected.

5. Discussion

Surgical correction of a ruptured aortic arch is a challeng-
ing procedure. Conventional surgical approach is commonly
related to many serious complications. Among these, the
total aneurysm rupture during sternal entry is often fatal.
Even if controlled, it would require an emergent beginning
of femoro-femoral CPB and deep hypothermic circulatory
arrest or bilateral carotid cannulation. Some authors sug-
gest to begin cardiopulmonary bypass and cooling before
opening the sternum.

In literature there are no series about rupture of pseudo-
aneurysms of the thoracic aorta or of the aortic arch during
sternotomy at the time of first intervention, but there are
isolated reports. In a case estimated at high risk of acute
rupture we have chosen a hybrid technique.

Utilization of covered endovascular graft in the aortic
arch obviously requires the surgical transposition of the
supra-aortic branches (SAB). Usually through midsternoto-
my, the ascending aorta is exposed and anastomosed to
SAB. Then the endovascular stent can be positioned through
femoral approach or even through the ascending aorta
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itself. To avoid the high risks strictly connected in this case
with the sternotomic approach, we decided to establish
pre-operatively a brain protecting perfusion arising from
the common femoral artery. In this way the endovascular
stent delivery caused no neurological complications.

Moreover, excluding the aortic ruptured portion with the
expanded endostent, the risk of acute and total aortic
disruption from the sternotomy result is significantly
lowered.

Subsequently, after the uneventful sternal entry, a Y-graft
in Dacron was created to connect the aorta to SAB.

This technique allows treatment of an urgent and really
serious event to a relatively low operative risk, without
the use of cardiopulmonary bypass. The entire technique
appears relatively invasive however, ensuring a complete
treatment of the aortic arch disease.
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eComment: The authors presented a very interesting case of contem-

porary management of aortic arch aneurysm using hybrid technique (a
combined surgical and endovascular approach) w1x. The strategy considerably
reduces the risk of hemorrhage from the damaged portion of aortic arch
and complications associated with cardiopulmonary bypass and hypothermic
circulatory arrest. The reported original method allowed the authors to
perform surgery avoiding complications, thereby significantly decreasing the
length of intensive care and hospital stay with good immediate outcome.

However, there are some points we would like to be addressed.

• In order to initially define the dangers of sternotomy, that in turn made
the authors seek the original decisions, it would be interesting and
important to demonstrate the angiographic and CT findings. This would
allow for the determination of the local anatomy of the aortic arch
aneurysm and its branches as well as its interrelations with ascending and
descending parts and the sternum.

• It is not clear whether or not the mycotic origin of the aneurysm was
ruled out, since it is a common source of false aneurysms and ruptured
aortic arch aneurysms. This is of central importance as it is known that in
case of infected aneurysms it seems more reasonable to establish an
extra-anatomic aortic and brachiocephalic bypass. Endovascular repair of
the mycotic aneurysms is controversial w2x and may cause adverse septic
complications requiring reoperations.

• The original approach reported by the authors appears attractive, consid-
ering its advantages such as avoiding the use of cardiopulmonary bypass
and hypothermic circulatory arrest as well as lowering the risk of hemor-
rhage from the aortic arch aneurysm. On the other hand, there are some
disadvantages connected with the use of temporary surgical extra-anatom-
ic bypass (lack of control on brain perfusion parameters; risk of thrombotic
complications on account of extended circuit and time-consuming proce-
dures; the need for additional reconstructive carotid surgery and perform-
ing the main part of the operative intervention in the state of full
heparinization).

In the last 2 years in the Vascular Department of the Bakoulev Scientific
Center of Cardiovascular Surgery, Russian Academy of Medical Sciences, 3
operations were performed in cases of mycotic aneurysms of the aortic arch
and descending thoracic aorta using an original method. One patient follow-
ing endovascular repair of the descending thoracic aorta had developed
sepsis, as a result of stent-graft infection. Another patient, who had had
salmonella infection, presented with false aortic arch aneurysm with signs
of progressive expansion located at the level of origins of the left common
carotid artery and subclavian artery. The cause of the mycotic aneurysm in
the third case was not identified. In all three patients as a first stage
procedure an extra-anatomic ascending-to-descending aortic bypass via right
thoracotomy was performed (without the use of cardio-pulmonary bypass)
w3x. After that, an adjunct cardio-pulmonary bypass (partial femoro-femoral
bypass) was established and via left thoracotomy the aneurysm was exposed
and repaired. It was possible to maintain the part of aortic arch and the
adjacent brachiocephalic branches in all our cases. Due to this, additional
interventions on the aortic arch and its branches were not required. In
summary, the problem of surgical repair of the aortic arch aneurysms and
their ruptures is vital and the reported method by Roberto Coppola et al. is
contemporary, interesting and original. Nevertheless, the existing disadvan-
tages necessitate further trials to optimize the treatment options for this
complex group of patients.
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