
INTRODUCTION 

Strategies for cerebral protection during aortic surgery in-
clude deep hypothermic circulatory arrest (DHCA), retro-
grade cerebral perfusion (RCP), and antegrade selective cere-
bral perfusion (ASCP) (1-3). ASCP is considered the best of
these methods, and various ASCP approaches are used depend-
ing on surgeon preference (3-5). The two major issues sur-
rounding the use of ASCP are the adequacy of unilateral per-
fusion for the contralateral hemisphere, and the ideal degree
of systemic hypothermia.

Unilateral antegrade selective cerebral perfusion (UASCP)
through the axillary artery has been used by several groups
with excellent clinical results. During UASCP the left hemi-
sphere blood supply is provided not only by intracranial col-
lateral circulation (‘‘circle of Willis’’) but also from an extracra-
nial vascular bed mostly dependent on the external carotid
arteries (6, 7). The risk of hypoperfusion via UASCP can be
minimized using preoperative magnetic resonance angiog-
raphy (MRA), intraoperative cranial Doppler study, and assess-
ment of backflow through the left common carotid artery
and left subclavian artery during surgery. 

To assist in identifying the optimum UASCP temperature,
the present study assessed postoperative neurological out-
comes following UASCP and aortic surgery at either <24℃
or ≥24℃. 

MATERIALS AND METHODS

Patients

Between March 2000 and November 2007, 104 consecu-
tive patients underwent aortic surgery and UASCP with or
without other procedures. Patients undergoing bilateral ante-
grade selective cerebral perfusion (BASCP) or RCP were ex-
cluded from the study. 

Patients were divided into two groups according to the sys-
temic temperature used: group A=64 patients treated using
deep hypothermia (<24℃; mean temperature 18.4±2.1℃);
group B=40 patients treated using moderate hypothermia
(≥24℃; mean temperature 25.2±1.9℃).

The preoperative clinical features for each group are pre-
sented in Table 1. For both groups, the main surgical indica-
tions were acute type A dissection and chronic aortic aneu-
rysm, while other preoperative conditions did not differ bet-
ween the groups.

Monitoring

Arterial pressure, systemic temperature, and brain protec-
tion were monitored. Double arterial monitoring was used,
where the right radial artery was used for monitoring right
innominate arterial perfusion, and the left femoral artery was
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Unilateral Antegrade Selective Cerebral Perfusion in Aortic Surgery:
Clinical Outcomes at Different Levels of Hypothermia

Although unilateral antegrade selective cerebral perfusion (UASCP) is considered
a safe cerebral protection strategy during aortic surgery, an optimum temperature
remains to be defined. This study compared outcomes in patients undergoing UASCP
at either <24°C or ≥24°C. Between 2000 and 2007, 104 consecutive patients under-
went aortic surgery using UASCP. Patients were divided into two groups accord-
ing to systemic temperature: group A comprised 64 patients undergoing deep hypo-
thermia (<24°C); and group B comprised 40 patients undergoing moderate hypother-
mia (≥24°C). Both groups were similar in terms of the extent of aortic replacement
and mean UASCP time. The total cardiopulmonary bypass time and aortic cross
clamp time were longer in group A. Both groups were similar in terms of 30-day mor-
tality rate (9.4% group A, 10.0% group B), and in terms of temporary (6.7% group
A, 7.7% group B) and permanent (11.3% group A, 2.6% group B) neurological de-
ficits. Multivariate analysis showed preoperative shock status was a risk factor for
in-hospital mortality, and a preoperative history of a cerebral incident was a risk fac-
tor for permanent neurological deficit. UASCP under moderate hypothermia is a rel-
atively safe and effective cerebral protective strategy during aortic surgery.
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used for systemic body perfusion. Esophageal and rectal probes
were inserted to monitor systemic temperature. Cerebral oxi-
metry and bispectral index monitoring were performed to
reflect brain perfusion.

Surgical procedure

A median sternotomy was performed in 102 patients (98.1
%) and a left anterior thoracotomy was performed in 2 pati-
ents (2.1%) for arch and descending aorta replacement. The
right axillary artery was exposed through a subclavicular in-
cision and cannulated with an 8 mm vascular graft after sys-
temic heparinization (300 IU/kg). Cardiopulmonary bypass
(CPB) was initiated using a double venous cannulation, after
which three arch vessels were dissected and encircled with
loops. Myocardial protection was established using antegrade
selective blood cardioplegia, and maintained using continu-
ous retrograde blood cardioplegia via the coronary sinus. In
the absence of significant atherosclerotic change in the ascend-
ing and aortic arch, an aortic cross clamp was performed before
inducing hypothermia. Procedures such as proximal anasto-
mosis, Bentall procedure, and coronary artery bypass surgery
were performed once the systemic temperature was lowered.

UASCP was commenced at a rate of 10 mL/kg/min after
clamping of the right innominate artery and left common
carotid artery, and the right radial arterial pressure was mon-
itored (≒50 mmHg). During distal aortic anastomosis, sys-
temic perfusion to the lower body was arrested. Any sign of
inadequate left cerebral perfusion (i.e., low level of left cere-
bral oxymeter or BIS and poor backflow from the left subcla-
vian artery) resulted in prompt conversion to bilateral cere-
bral perfusion with an additional 16Fr. Foley catheter into

the left common carotid artery. BASCP cases were excluded
from the present study. 

Open distal anastomosis was performed in most cases. In
the case of total arch replacement, distal lower body perfu-
sion and rewarming was commenced following completion
of the anastomosis of the three arch vessels.

Definitions

Temporary neurologic dysfunction was defined as the pres-
ence of symptoms such as confusion, agitation, and delirium
that resolved before discharge. Permanent neurological deficit
was defined as a stroke with persistent localizing neurologi-
cal deficit and a new defect according to computed tomog-
raphy (CT) or magnetic resonance image (MRI). Mental recov-
ery time was defined as the time when a patient could obey
a command after spontaneous eye opening.

Statistical analysis

Descriptive statistics for technological quantities are pre-
sented as mean±standard deviation. Student’s t-tests were
used for comparisons between groups. Independent risk fac-
tors for in-hospital mortality and neurological outcome were
derived from pre- and postoperative variables and analyzed
using multivariate analysis involving a stepwise logistic regres-
sion model. All statistical analysis was performed using SPSS
software (version 12.0), and P values <0.05 were considered
to indicate significance. 

RESULTS

Groups A and B were similar in terms of the extent of aor-
tic replacement, except that hemiarch replacement was more
common in Group B (62.5% group A, 82.5% group B; P=
0.046). The groups were also similar in terms of the rate of
concomitant procedures (Table 2).

Although mean UASCP times were similar for both groups
(56.3±40.1 min in group A, 46.9±35.5 min in group B;
P=0.239), the total cardiopulmonary bypass time (274.7±
119.5 min in group A, 190.2±76.5 min in group B; P<
0.001) and aortic cross clamp time (157.5±79.4 min in
group A, 118.3±45.6 min in group B; P=0.002) were longer
in group A (Table 3).

The two groups were similar in terms of 30-day mortali-
ty rates (9.4% in group A, 10.0% in group B) and causes of
death (Table 4). Postoperative bleeding requiring surgical
revision occurred in 8 (12.5%) in group A and 2 (2.5%) in
group B patients (P>0.05).

Mental recovery, ventilator, and ICU stay times were sim-
ilar for both groups. Both groups were similar in terms of
the incidence of temporary (6.7% in group A, 7.7% in group
B) and permanent (11.3% in group A, 2.6% in group B) neu-
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NS, not significant; COPD, chronic obstructive pulmonary disease.

Variables Group A
(n=64)

Group B
(n=40)

P
value

Age (yr, mean±SD) 58.2±13.1 58.6.0±13.7 NS
Sex (%) NS

Male 34 (53.1) 19 (47.5)
Female 30 (46.9) 21 (52.5)

Aortic pathology NS
Acute type A dissection (%) 40 (62.5) 31 (77.5)
Chronic aneurysm with/without 24 (37.5) 9 (22.5)

dissection
Hypertension (%) 44 (68.8) 26 (65.0) NS
Diabetes (%) 9 (14.1) 5 (12.5) NS
Cerebro-vascular accident (%) 7 (10.9) 3 (7.5) NS
Coronary artery disease (%) 5 (7.8) 1 (2.5) NS
COPD (%) 0 (0) 1 (2.5) NS
Creatine (mg/dL) (mean±SD) 1.07±0.71 1.22±0.61 NS
Renal failure (Dialysis) (%) 0 (0) 0 (0) NS
Shock (%) 4 (6.3) 3 (7.5) NS
Emergency or urgency (%) 46 (71.9) 34 (85.0) NS
Previous cardiac operation (%) 4 (6.3) 2 (5.0) NS

Table 1. Preoperative patient profiles



rological deficits. The overall incidence of other complica-
tions did not differ between the two groups (Table 4). 

Multivariate analysis showed that preoperative shock sta-
tus was a risk factor for in-hospital mortality (odds ratio 7.07,
95% confidence interval: 1.3-38.2), and a preoperative his-
tory of a cerebrovascular incident was a risk factor for a per-
manent neurological deficit (odds ratio 8.99, 95% confidence
interval: 1.6-50.2). There were no independent determinants
for temporary neurological deficit (Table 5).

DISCUSSION

DeBakey and colleagues (8) first applied ASCP using direct
cannulation of arch vessels in 1957, and this technique has
become the preferred method for many surgeons for brain
protection during aortic surgery.

A standard ASCP method has not been established, and
ASCP can be applied unilaterally or bilaterally under differ-
ent hypothermic conditions. Surgeons at our institution rou-
tinely use right axillary cannulation for aortic surgery, and
the physiological level of perfusion pressure and the moni-

toring systems follow closely those described by Dr. Kazui
et al. (9, 10). However, we prefer to use UASCP with clamp-
ing of the left common carotid artery. 

Controversy surrounds the adequacy of UASCP for con-
tralateral cerebral perfusion. Spielvogel and colleagues (11)
reported that UASCP was inadequate for aortic arch replace-
ment, in contrast with the excellent outcomes using BASCP
under deep hypothermia. Dr. Kazui (12) also questioned the
safety of UASCP for cerebral, spinal cord and visceral perfu-
sion, although he suggested UASCP may be a good substi-
tute for DHCA in cases of hemiarch replacement. 

BASCP is a widely used cerebral protective strategy dur-
ing aortic surgery. While it provides greater time for com-
plex and extensive aortic procedures, the main drawbacks are
that it may clutter the surgical field, injure the arch vessel
related with cannulation, and increase the risk of particulate
embolization. 

Perfusion of the contralateral hemisphere during UASCP
depends on an uninterrupted circle of Willis channel. Using
angiography and silicone casts, Merkkola and associates (13)
demonstrated in 87 cadavers that when the right axillary
artery is used for perfusion, circulation to the left side appears
to be good in most cases. Using magnetic resonance imaging
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AVP, Aortic valvuloplasty; AVR, Aortic valve replacement; CABG, Coro-
nary artery bypass surgery.

Variables Group A
(n=64)

Group B
(n=40)

P
value

Extent of aortic replacement (%)
Ascending+hemiarch 40 (62.5) 33 (82.5) 0.046
Ascending+partial arch 3 (4.7) 0 (0) 0.283
Ascending+total arch 15 (23.4) 5 (12.5) 0.207
Ascending+total arch+descending 4 (6.3) 2 (5.0) 1
Total arch+descending 2 (3.1) 0 (0) 0.522

Associate procedure (%)
AVP 9 (14.1) 12 (30.0) 0.077
AVR 8 (12.5) 4 (10.0) 0.764
Sinotubular junction reduction 6 (9.4) 5 (12.5) 0.745
Bentall procedure 10 (15.9) 3 (7.5) 0.243
CABG 3 (4.7) 3 (7.5) 0.673
David procedure 2 (3.1) 0 0.522
Femoro-Femoral bypass 2 (3.1) 0 0.522

Table 2. Extent of aortic and associated procedures

LCOS, Low cardiac output syndrome; ICU, Intensive care unit.

Variables Group A
(n=64)

Group B
(n=40)

P
value

In-hospital mortality (%) 6 (9.4) 4 (10.0) 1
LCOS 4 2
Sepsis 1 1
Bowel infarction 1 1

Bleeding (Reoperation) (%) 8 (12.5) 2 (5.0) 0.31
Neurologic deficit (%)

Transient 6 (9.4) 3 (7.7) 1
Permanent 7 (10.9) 1 (2.5) 0.112

Mental recovery time 18.3±40.5 16.6±28.1 0.827
(hr, mean±SD)

Extubation time (hr, mean±SD) 38.6±41.4 38.9±49.1 0.978
ICU stay (hr, mean±SD) 183.1±221.3 170.8±297.3 0.821
Creatinine (mg/dL) (mean±SD) 1.89±1.71 1.72±1.56 0.63
Renal failure (dialysis) (%) 8 (12.9) 5 (12.5) 1
Pulmonary complication (%) 10 (16.1) 7 (17.5) 1
Cardiac event (%) 3 (4.8) 1 (2.5) 1

Table 4. Postoperative outcomes

CPB, Cardiopulmonary bypass; ACC, Aortic cross clamp; UASCP, Uni-
lateral antegrade selective cerebral perfusion.

Variables Group A
(n=64)

Group B
(n=40)

P
value

CPB time (min, mean±SD) 274.7±119.5 190.2±76.5 <0.001
ACC time (min, mean±SD) 157.5±79.4 118.3±45.6 0.002
UASCP time (min, mean±SD) 56.3±40.1 46.9±35.5 0.239
Esophageal temperature 18.4±2.1 25.2±1.9 <0.001

(°C, mean±SD)

Table 3. Cardiopulmonary bypass data

CVA, Cerebrovascular accident.

Odds ratio 95% CI P value

In-hospital mortality
Shock 7.07 1.31-38.23 0.023

Permanent neurological deficit
CVA history 8.99 1.61-50.18 0.012

Transient neurological deficit - - -

Table 5. Independent determinants of in-hospital mortality and
neurological deficit



on an Italian population, Macchi and associates (14) demon-
strated that the anterior communicating artery was absent in
3% of the population, and that hypoplasia of both anterior
and posterior communicating arteries existed in approximate-
ly 2% of cases. Hypothetically, the absence of one of three
communicating arteries does not carry any risk for hypoper-
fusion because the blood coursing through the right upper
brachial artery will perfuse the whole brain through the ver-
tebral, basilar, and internal carotid arteries. The only combi-
nation that will carry the potential for contralateral hypop-
erfusion would be the absence of both anterior and posterior
communicating arteries, and even if that is the case, only the
frontal and temporal regions of the left hemisphere would be
affected. This specific combination has not been mentioned
in the literature, suggesting it is a very rare condition.

During the study period, 3 cases required conversion from
UASCP to BASCP due to a decrease in brain oximetry on the
left cerebral hemisphere. All of the patients recovered without
neurological problem. The postoperative brain MRI showed
mild intracaranial vascular atherosclerosis which had no sig-
nificant consequence except in one patient in which a prompt
drop in cerebral oximetry was noted after initiation of UASCP.
The patient’s brain MRA showed complete interruption of
right internal carotid artery, which was subsequently revas-
cularized by stent insertion, demonstrating a rare case in which
UASCP may fail to provide sufficient protection to the con-
tralateral hemisphere (Fig. 1). Based on our clinical experi-
ence, carotid arterial disease has been found to be associated
with a higher risk of hypoperfusion to the contralateral hemi-
sphere during UASCP than the absence of the three commu-
nicating arteries. Significant carotid artery disease may be

readily detected by preoperative MRA or carotid Doppler
study. However, in acute type A dissection the urgency of
the situation or the odd hours in which the patients are pre-
sented usually result in practical limitations which make these
studies unavailable. Similarly in the more than 70% of pati-
ents presenting with acute type A dissection in the current
series, surgery was performed without preoperative carotid
artery studies.

In our experience, conversion to BASCP was easily per-
formed by preparing an additional cannulation line and in-
sertion of another catheter to left common carotid artery a
few seconds. But, we do not agree routine use of BASCP, as
mentioned above, because of its drawbacks during operation.

Another issue for ASCP is the determining ideal level of
systemic hypothermia. While deep hypothermia provides a
safe period for the procedure, the extensive cooling and re-
warming periods not only prolong the already long CPB and
operating times, but also increase negative side-effects of CPB
which can influence postoperative outcomes.

Cerebral oxygen consumption decreases by 50-60% at a
core temperature of 25-28℃, and further cooling does not
decrease brain oxygen consumption (15, 16). However, the
regional cerebral blood flow with antegrade perfusion decreas-
es to 62% of baseline at 28℃ and to 36% at 18℃ (17). 

Previous studies showed excellent clinical and neurologi-
cal outcomes with ASCP under moderate hypothermia (6,
7, 18, 19). In the present study, the clinical and neurologi-
cal outcomes under moderate hypothermia were compara-
ble to those under deep hypothermia. The clinical results by
Kazui and colleagues (20) investigating ASCP and moder-
ate hypothermia indicated that a period of 90 min was safe
in terms of spinal cord protection and hepatic and renal func-
tion preservation. In the present study, the period of lower
body ischemia was less than 60 min for both groups, and
there was no spinal ischemia. Each group had one case of
bowel infarction, and this was due to malperfusion syndrome
after type A aortic dissection, and not due to hypoperfusion
during surgery.

The present clinical and neurological outcomes were com-
parable to other similar studies. Most mortality cases were
associated with a preoperative shock status due to a long arrival
time from other hospitals. In addition, patients with perma-
nent neurological deficits had a previous history of cerebral
vascular incidents that are significant risk factors. The tran-
sient neurological deficits were simple delirium while in the
intensive care unit.

The current study was retrospective in design and involved
a relatively small number of patients. Despite these limita-
tions, the study indicates that UASCP is a relatively safe and
effective cerebral protective strategy during aortic surgery in
terms of hospital mortality and neurological outcomes. Pos-
sible hypoperfusion of the left hemisphere can be monitored,
and prompt conversion to BASCP is mandatory when warn-
ing signs occur. Additional brain protection measures may
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Fig. 1. Postoperative brain magnetic resonance angiography show-
ing complete obstruction of the right internal carotid artery.



be necessary in patients who had history of cerebral vascular
incidents. Further randomized prospective studies are neces-
sary to identify the optimal systemic temperature. 

In conclusion, moderate systemic hypothermia appears to
be safe and also beneficial for reducing cardiopulmonary by-
pass time and hypothermia-related side effects.
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