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Case Report

Aortic Arch Replacement with Moderate Hypothermia
and a Modified Three-PUMP Circuit
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A strategy employing moderate hypothermia for the replacement of the aortic arch is proposed to avoid the complications
of profound hypothermic circulatory arrest. Two patients underwent the complete replacement of the aortic arch using three
pumps - for the brain, thoracoabdominal aorta, and heart, respectively. There were no complications and the patients were
extubated uneventfully. The method preserved the auto-regulation of the cerebral blood flow without high vascular resistance.
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Introduction

Profound hypothermic total circulatory arrest and older
ageareusually associated with significant neuropsychological
deficits. The morbidity of hypothermia and the mismatch
between the cerebral oxygen demand and the supply with
regards to temperature have encouraged the search for new
cardiopulmonary bypass strategies.! Antegrade cerebral
perfusion with moderate hypothermia or normothermia is
now established as a safe and effective modality for total
arch replacement.” Antegrade perfusion was popularized
by Bachet et al.,’ following the concern of converting a
small cerebral infarct into a large one by retrograde cerebral
perfusion.* Herein, we describe two different perfusion and
surgical strategies tailored specific to aortic pathology to
replace the total arch without the need for deep hypothermic
circulatory arrest.

Case Reports
Case 1

A 55-year-old male patient presented with aortic arch
aneurysm and underwent aortic arch replacement under
moderate hypothermia using three arterial pump heads
(Figurel) (one -antegrade perfusion to the arch vessels,
second - retrograde perfusion through the femoral artery, and
the third to perfuse the heart).

Technique

Cardiopulmonary bypass was established between the
bicaval and right femoral artery return. A second arterial line
geared by a separate roller pump was used via an 8-mm graft
sutured to the right axillary artery. The left common carotid
artery and left subclavian artery were selectively cannulated
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Figure 1. Circuit assembly showing lower body perfusion through the main

pump head. A second pump head is used to perfuse the brain

to perfuse the supra aortic vessels. The rate of the flow was
adjusted to the core temperature, maintaining the right radial
artery pressure of 60-70 mmHg and the left femoral artery
pressure of 50-70 mmHg (Table 1).

The aortic arch was replaced via the standard technique
with distal anastomosis as a mini elephant trunk at T4 and TS
levels beyond the left subclavian artery and proximal aortic
anastomosis on the ascending aorta before the innominate
artery. Individual head vessels were implanted with a bovine
arch anatomy dacron conduit of 12 mm for the innominate
artery and 8 mm for the left common carotid artery and the
left subclavian artery as previously described by Griepp et
al.?

Table 1. Flow rates for arch aneurysm repair

Core Temperature Rate of Flow Line Pressure
(°C) (ml/min/m?) (mmHg)
Cerebral Circuit
28 650 110-120
32 750 110-120
37 900-1100 110-120
Femoral Circuit
28 3000 175-200
32 3800-4200 100-150
37 4900-5200 175-200

Case 2

A 59-year-old male with the dissection of the aorta
extending from the ascending aorta to the aortic bifurcation
and into the brachiocephalic trunk underwent the arch
replacement and the long elephant trunk procedure under

212

moderate hypothermia using three arterial pump heads
(Figure 2) (one - antegrade bi-axillary perfusion to the arch
vessels, second - antegrade distal aortic perfusion through
the aortic graft, and the third one to perfuse the heart).
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Figure 2. Circuit assembly showing cerebral perfusion through the main
pump head. A second pump head is used to perfuse the lower body through
a cuffed endotracheal tube introduced trough the graft

Technique

Cardiopulmonary bypass was established between bicaval
and bi-axillary 8-mm Dacron grafts. A second arterial line
geared by a separate roller pump was used for modified
distal aortic perfusion via a 7 Fr cuffed endotracheal tube,
introduced into the long elephant trunk.® Total arch was
replaced via a technique described by Taniguchi et al.’

The rate of the flow was adjusted to the core temperature,
maintaining the right radial artery pressure of 60-70mm Hg
and left femoral artery pressure of 40-70mmHg (Table 2).

Table 2. Flow rates for aortic dissection repair

Rate of Flow

Core Temperature Line Pressure

(°C) (ml/min/m?) (mmHg)

Axillary arteries

25 1800-2300 110-120

28 3000-3500 110-120

34 4200-4500 110-120

37 4200-4500 110-120
Thoracoabdominal Aorta

25 500-1000 40-50

28 500-1000 40-50

32 1500-2000 100-150

34 2000-2500 100-140

37 2000-2500 100-140
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Discussion

In view of the limitations of circulatory arrest and the
variety of surgical procedures described for replacing the total
arch, we herein describe a surgical and perfusion strategy
tailor-made to individual aortic pathology. This strategy is
supported by two fundamental elements - the superiority of
moderate or normothermia over deep hypothermia* and the
superiority of antegrade cerebral perfusion over retrograde
perfusion. Our technique also eliminates the “time factor” in
the aortic arch repair and allows a meticulous anastomosis.
It not only protects the cerebral circulation but also obviates
ischemic multi-organ injuries by effective distal aortic
perfusion either antegrade as in long elephant trunk proximal
to the innominate artery or retrograde perfusion via the
femoral artery.

The technique described herein appears to be safe and
easy to perform. An advantage of our method is that all the
anastomoses can be performed without the limiting time
factor of circulatory arrest. Technically, however, a close
co-ordination between the surgical, anesthesiology and
perfusion teams is required and the strategy needs to be
planned for an optimal outcome.
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