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The authors propose a new strategy of normothermic
perfusion for replacement of the aortic arch to avoid the
complications of profound hypothermic circulatory ar-
rest. Six patients underwent complete replacement of the
aortic arch under normothermia using two pumps for the
body (one for the brain and the thoracoabdominal aortic
branches) and one for the heart. The surgical procedure
was performed with no time limit. There were no oper-

he fact that deep hypothermic circulatory arrest (25

minutes or more) and advanced age are associated
with neuropsychological deficits [1], the morbidity in-
duced by hypothermia, and especially the impossibility
of reliably establishing an optimal cerebral blood flow
indexed to perfusion temperature have encouraged the
search for a new operative strategy.

In light of 6 cases, we propose a new approach to aortic
arch replacement in which normothermic perfusion is
maintained. This technique provides an increased safety
and has enabled us to perform the aortic replacement
more calmly, thereby allowing a more radical and more
distal procedure on the isthmic aorta and avoiding a
“hasty surgery” that could interfere with the quality of
the repair.

Six patients underwent aortic arch replacement under
normothermic conditions. The inclusion criteria were the
presence of a lesion of the ascending aorta extending to
the horizontal and an isthmic aorta, or both. Patients with
obstructive carotid stenosis jeopardizing antegrade per-
fusion of the brain and those with preoperative neuro-
logic impairment were excluded.

Median age of the patients was 57.6 * 11 years (range,
40 to 72 years).

Specific operative monitoring included a rectal and
esophageal temperature, a pressure monitoring of the
right radial and left femoral artery, and a bi-spectral
index of the brain activity.

Technique

Cardiopulmonary bypass was established between the
right atrium and the right femoral artery. A second
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ative or late deaths. No patients had neurologic deficit
and all were rapidly extubated with uneventful postop-
erative courses. The method preserves autoregulation of
cerebral blood flow and maintains body perfusion with-
out high vascular resistances.

(Ann Thorac Surg 2003;76:2115-7)
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arterial line geared by a separated roller pump was used
for the perfusion of the cerebral arteries (Fig 1). For this
purpose, the truncus brachiocephalicus and the left com-
mon carotid artery were selectively cannulated using
beveled cannulas (Foch Carotid Cannula Ref. 470035 and
470025 Polystan, Perouse Lab). A 3.5-mm cannula and a
2.5-mm cannula were used for the perfusion of the
truncus brachiocephalicus and left common carotid ar-
tery, respectively. The cannulas were connected with a
y-line to the second arterial line. Finally, a retrograde
warm cardioplegia was delivered intermittently every 7
to 10 minutes through a third arterial line and pump.
During the whole perfusion, the arterial pressure in the
radial artery was maintained at approximately 70 mm
Hg, and the arterial pressure in the femoral artery was
maintained at approximately 55 mm Hg. The core tem-
perature was maintained between 36°C and 37°C.

Specific features of our technique included an intro-
duction of the cerebral perfusion cannulas 1 to 2 cm distal
to their origin of the arch vessel to provide room for
clamping, and an occlusion of the descending thoracic
aorta either by insertion of a Robiscek Pruitt aortic
occlusion catheter after opening the horizontal aorta (Ref.
12F-RPK Ideas for Medicine) or by direct clamping,
which we did in 5 patients and 1 patient, respectively.

The surgical procedure was tailored according to the
underlying disease and the extent of the lesions. A woven
vascular prosthesis (Polythese, Perouse Lab) was used in
all patients.

Results

No patient died and all woke without neurologic deficit.
No transient or permanent neurologic deficit was ob-
served. Cognitive function was preserved in all. Cardiac
function was excellent in all. Cardiopulmonary bypass
(CPB) was stopped without using inotropic drugs in all
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Fig 1. Schematic drawing of the cardiopul-
monary bypass circuit with three separate
arterial pumps for femoral artery, antero-
grade cerebroperfusion, and retrograde coro-
nary perfusion. Descending aortic occlusion
was obtained with a Robiscek-Pruitt aortic
catheter.

patients. Postoperative mean ejection fraction was simi-
lar to preoperative values (52% vs 56.6%). Coagulopathy,
hepatic or renal impairment did not occur. All patients
were extubated between the 4th and 16th postoperative
hour (median, 11 postoperative hours), and mean blood
loss in the drains was 545 = 105 mL on the first day. In
order to maintain a perfusion pressure greater than or
equal to 70 mm Hg in the right radial artery, cerebral
circulation pump flow rates varied from 680 mL/min to
1,100 mL/min, indicating variable degrees of vasoplegia
from one patient to another.

Comment

In view of the disadvantages of circulatory arrest with
profound hypothermia, anterograde or retrograde selec-
tive perfusion, and the absence of any additional neuro-
logic protective effect of hypothermic CPB compared
with normothermic CPB [2], it seemed logical to propose
a completely normothermic approach to aortic arch
surgery.

This choice was guided by two elements: (1) the supe-
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riority of anterograde cerebral perfusion over retrograde
perfusion [3] and the superiority of normothermic CPB
over hypothermic CPB, as demonstrated by several pub-
lished randomized studies [2, 4].

As hypothermia decreases, but does not eliminate
cerebral metabolism [5], maintenance of cerebral perfu-
sion appears to be essential.

Autoregulation of cerebral blood flow rate is partially
maintained at a temperature of 20°C, but it is altered and
largely compromised at temperatures less than 20°C
because of an increase in the cerebral vascular resis-
tances (339 * 48%) [5]. A 30% reduction of the theoretical
cerebral blood flow also induces loss of autoregulation
properties [6]. Therefore anterograde cerebral perfusion
between 6°C and 12°C seems to be potentially harmful
with a risk of excessive or insufficient cerebral perfusion.

We prospectively decided to reproduce conditions
strictly identical to those of the classic normothermic
CPB, with intra-arterial blood pressure monitoring in all
perfused territories. In our series with a fixed tempera-
ture of 37°C, the cerebral perfusion pump flow rate
varied by a factor of 1 to 1.6 in order to maintain an
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identical perfusion pressure; opening of anatomical
shunts, the state of systemic resistance, and maintenance
of autoregulation are the main explanations for this
variability. Therefore a fixed cerebral perfusion flow rate
can induce excessive or insufficient cerebral blood flow
depending on instantaneous vascular resistance.

Normothermic CPB and myocardial protection at 37°C
have gradually become part of standard practice in many
adults or pediatric surgical teams on the basis of the
superior results obtained because of the maintenance of
the patient’s physiologic state. Simple application of this
technique to aortic arch surgery should provide the same
advantages and eliminate the adverse effects of hypo-
thermia and circulatory arrest

A parallel can be drawn between myocardial protec-
tion and cerebral protection. With a time lag of 12 to 15
years, cerebral protection has advanced along similar
lines (ie, no perfusion with profound hypothermia fol-
lowed by hypothermic anterograde perfusion and then
hypothermic retrograde perfusion). Normothermia ap-
pears to be the next logical step in cerebrospinal protec-
tion, allowing more physiologic autoregulation of cere-
bral blood flow.

Applications of this normothermic approach to the
pediatric population could decrease long-term deficits in
cognitive function.
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