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SPECIAL ARTICLE: SURGICAL OPINION AND REVIEW

A Current View of Cerebral Protection in Aortic Arch Repair
Bilgin Emrecan, MD,* and Engin Tulukoğlu, MD†
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OME ISSUES REMAIN controversial among surgeons
concerning aortic arch surgery. One of the most important

s the cerebral protection method. Many techniques have been
ffered including antegrade cerebral perfusion (ACP), deep
ypothermic circulatory arrest (DHCA), and retrograde cere-
ral perfusion (RCP), but which method is the best for cerebral
rotection remains a dilemma.

DEEP HYPOTHERMIC CIRCULATORY ARREST AND
RETROGRADE CEREBRAL PERFUSION

The major objective in arch surgery is to supply the basic metabolic
eeds of the brain during the anastomosis. Many advances have
een introduced into aortic arch surgery since Griepp et al1 used
he DHCA technique. Svensson et al2 reported the safe DHCA
eriod as 40 minutes. However, Ergin et al3 reported this duration
s 30 minutes. The safe DHCA period also was reported to be 30
inutes under 15 °C and 40 minutes under 10°C.4

Michenfelder et al5 reported that the complete arrest of the
erebral circulation for as long as 30 minutes at 18°C would
ot result in any permanent neurologic injury, and they
rovided evidence indicating that periods of DHCA as long
s 60 minutes should be safe. Neuropsychologic tests after
HCA showed that DHCA duration of more than 25 minutes

nd advanced age were significant predictors of poor per-
ormance in examinations of memory and fine-motor func-
ion.6

Ueda et al7,8 described an RCP technique through the supe-
ior vena cava cannula under DHCA. RCP may accomplish
europrotection by flushing embolic material from the cerebral
irculation,9 providing cerebral flow sufficient to support cere-
ral metabolism,10 and maintaining cerebral hypothermia.11

lthough RCP was reported to expel air emboli, it is now well
nown that the pressure necessary for this causes brain ede-
a.12 Another point is that the blood returning to the aortic arch
as less than 5% of the amount given through the retrograde
erfusion cannula. ACP was reported to afford the best cerebral
rotection, but RCP was reported to provide clear improvement
ompared to DHCA.13

RCP, especially at high pressures, although successful in
emoving some emboli, may aggravate cerebral injury.14 Be-
ides, it was not able to decrease the incidence of stroke.15

ecently, RCP has lost its popularity because it did not suffi-
iently prolong the safe period of DHCA. Less than 60 minutes
f RCP was reported to be tolerated with a minimal risk of
rain complication.16 DHCA also has been found to be associ-
ted with excellent organ protection with an RCP time less than

5 minutes.17 t

ournal of Cardiothoracic and Vascular Anesthesia, Vol 23, No 3 (June), 20
ANTEGRADE CEREBRAL PERFUSION

DHCA revealed some limitations, especially when longer
urations were required. Therefore, a combination of hypother-
ia and circulatory arrest with selective ACP may allow cli-

icians to take optimal advantage of the benefits of both cere-
ral protection strategies. A combination of selective cerebral
erfusion with hypothermia allowed the use of much lower
ow rates and hypothermic-selective ACP afforded better ce-
ebral protection from global ischemia than DHCA alone or
HCA and RCP.18,19

In 1995, Sabik et al20 popularized the technique of using the
ight subclavian/axillary artery for arterial inflow for complex
ardiac operations. ACP through the right axillary artery has
een proven to be a safe and effective method for cerebral
rotection in aortic surgery since then. It has become the
referred site for cannulation and is indicated in wider areas.20

elective cerebral perfusion (SCP) allowed increased ease of
erformance of total arch replacement and reduced periproce-
ural mortality and morbidity in patients with aortic arch an-
urysm and those with acute aortic dissection.21

Kazui et al,22 perfusing both the innominate and left common
arotid arteries with flows of 10 mL/kg/min at 22°C, obtained
0% of physiologic levels. They also found that selective
erebral perfusion time had no significant impact on outcome.22

Ergin et al3 used ACP under deep hypothermia, whereas
asdemir et al23 used the technique under moderate-degree
ypothermia (26°C). Jacobs et al24 in their series with selective
CP under moderate hypothermia (28°-30°C) found the tran-

ient neurologic deficit (TND) rate to be 4% and concluded that
here was no correlation between long SCP duration and neu-
ologic injury.

ACP became the preferred technique of cerebral protection in
ecent years because the other techniques did not provide satis-
actory cerebral protection and they were associated with harmful
ffects of profound hypothermia.25-28 This cerebral protection
ethod depends on bihemispheric perfusion of the brain through

he Circle of Willis. The brain is supplied by the 2 internal carotid
rteries and the 2 vertebral arteries. The 4 arteries anastomose on
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418 EMRECAN AND TULUKOĞLU
he inferior surface of the brain and form the Circle of Willis.
herefore, perfusion of one or more arch branches would perfuse

he brain.
On the other hand, ACP under moderate hypothermia was

eported to poorly protect visceral organs like the liver when
ompared with deep hypothermia.29 To overcome this, ACP
hrough the right axillary or the brachial artery in addition to
escending aortic perfusion through the femoral artery with the
id of descending aortic occlusion was studied.30,31

DISCUSSION

The cerebral protection methods in arch surgery have been
ell defined with their advantages and disadvantages in recent

eports. ACP gained popularity in recent years due to its fa-
orable postoperative outcomes. Svensson et al32 reported that
he brain was incompletely perfused by the RCP method. The
ncidence of TND was reported to be significantly higher in
atients with RCP than in patients with ACP.33 Hagl et al15

oncluded that the method of cerebral protection did not influ-
nce the occurrence of stroke, but ACP resulted in a significant
eduction in the incidence of TND. Most of the series suggest ACP
or patients who need longer cerebral protection because it could
rovide the luxury of time, allowing for the appropriate repair of
omplicated arch aneurysms. However, ACP was thought to have
potential disadvantage of requiring manipulation of cerebral

essels, which carried the risk of dislodging atherosclerotic de-
ris.34 ACP has been reported to attenuate the metabolic changes
een after DHCA.35 Cerebral autoregulation in the postoperative
eriod after hypothermic circulatory arrest procedures is altered,
nd ACP has been found to have a beneficial role on cerebral
utoregulation.36 On the other hand, DHCA/selective cerebral
erfusion has been found to be superior to DHCA alone for
reventing cerebral injury during operations on the aortic arch.37

Transverse aortic arch repair is a technically demanding and
ime-consuming operation. It may be more troublesome, espe-
ially in acute type-A dissection. For this reason, many authors
ave switched to selective ACP. Kucuker et al31 reported a
nilateral antegrade ACP perfusion technique via the right
rachial artery in conjunction with moderate hypothermia un-
er 26°C with excellent neurologic outcomes. To show the
ffect of unilateral perfusion, neurocognitive functions of both
he right and left hemispheres preoperatively and postopera-
ively in the first week and second month postoperatively were
eported to be normal, and the flow patterns of both middle
erebral arteries before, during, and after low-flow antegrade
elective cerebral perfusion with transcranial Doppler measure-
ents showed a reduction of blood flow on the left side after the

nset of ACP.38 Transcranial Doppler also revealed that the blood
ow never stopped, and this reduced flow was satisfactory to
aintain the metabolism of the left hemisphere.39 ACP provided

utritive cerebral blood flow during brain exclusion and enabled
he authors to perform appropriate arch repair without compro-
ising the extent of replacement for fear of exceeding the “safe”

eriod of circulatory arrest.34

Most of the studies in the literature concentrated on cerebral
erfusion. Spielvogel et al40 concluded that the optimal cerebral
rotection strategy for total arch replacement would seem to be
ne relying on hypothermic antegrade selective cerebral perfu-

ion. Some authors prefer moderate hypothermia during the c
erebral perfusion. However, what the effect of moderate hy-
othermia on the visceral organs will be remains a problem.
ovitzky et al30 and Kucuker et al31 suggested additional fem-
ral artery cannulation as an option for acute dissection cases
ith renal, visceral, or lower-extremity malperfusion, espe-

ially when the surgeon expects a long arch repair time. To
revent further ischemia during the selective antegrade perfu-
ion period, distal perfusion can be provided with femoral
rtery cannulation after the insertion of an intra-aortic balloon
ccluder to the proximal descending aorta. Novitzky et al30

eported a case of type-A aortic dissection using this technique.
agaki et al41 used the technique under 25°C with an aortic
alloon occlusion catheter with a perfusion lumen for the
rotection of the lower body during distal anastomosis in aortic
rch repair. Klodell et al42 perfused the distal aorta at a bladder
emperature of 18°C. They suggested that the technique al-
owed the continuation of the cerebral protection, with the
dded benefit of maintaining antegrade flow to the distal aorta,
pinal cord, viscera, and lower extremities. The distal aortic
erfusion of the spinal cord, viscera, and lower extremities
voids the need for deep hypothermia.43 The present authors
sed similar perfusion techniques but with a nasopharyngeal
emperature of 28°C. The present results suggest the safety of
oderate hypothermia for cerebral and visceral perfusion. More-

ver, ACP at physiologic pressures with systemic circulatory
rrest at moderate hypothermia of 22°C was reported to provide
uperior cerebral protection by combining the protective effects of
educed metabolic demand secondary to moderate hypothermia,
nd avoiding the negative cerebrovascular effects of deep hypo-
hermia.44 There is not a prospective and randomized study con-
erning this technique. In cases of a severe calcification or ectasia,
ight occlusion of the descending aorta may not be possible. The
alloon of the aortic occluder should not be located distally in the
escending aorta and should be optimally inflated in order not to
ause damage in the aortic wall. This will make the intra-aortic
alloon occluder stay in the right position and not dislocate;
eanwhile, the spinal cord and the visceral perfusion will not be

isturbed. With the utilization of an additional cannulation site, as
n the present cases, the femoral artery is a potential site for further
orbidity. This may be overcome via a perfusion balloon cannula

nserted from above. This might avoid the retrograde perfusion of
he descending aorta via the femoral artery and might further avoid
theroembolism in aortic disease.

Shimazaki et al45 reported a 2.5% incidence of mild renal
ysfunction versus a 2.5% incidence of liver dysfunction
ith a mean of 50 minutes’ cessation of distal aortic perfu-

ion under 28°C. In the study by Kucuker et al,31 postoper-
tive renal and hepatic function tests showed significant
ifference when compared with the preoperative values but
hese were reported to be within normal limits for routine
ardiac operations.

Increasingly, mildly hypothermic or normothermic cerebral
erfusion in addition to perfusing the descending aorta are
sed. Panos et al46 replaced the aortic arch using continuous
ntegrade perfusion of the brain and lower body, under 30°C
ild hypothermia by direct cannulation of the right axillary

rtery and the descending aorta with a venous cannula. More-
ver, in a limited study population in whom normothermic

ardiopulmonary bypass was used, Touati et al47 reported suc-
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419CEREBRAL PROTECTION IN AORTIC ARCH REPAIR
essful outcomes by selectively perfusing the right femoral
rtery, the truncus brachiocephalicus, and the left common
arotid artery.
In conclusion, cerebral and body perfusion through axillary t

REN

utcome in adults undergoing elective deep hypothermic circulatory arrest
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nd femoral artery combined cannulation may provide more
ime for the surgeon and better protection for the brain and
isceral organs, which is especially important for surgical

eams during the learning curve.
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