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Purpose: To evaluate shunt rate and discuss the resultsrelated to selective shunt placement during carotid endarterectomy 
(CEA) using routine awake test. Methods: Patients with CEA from 2007 to 2011 were retrospectively reviewed from pro-
spectively collected data. The need for shunt placement was determined by the awake test, based on the alteration in the neu-
rologic examination. We collected data by using the clinical records and imaging studies, and investigated factors related to 
selective shunt such as collateral circulation and contralateral internal carotid artery (ICA) stenosis. Results: There were 45 
CEAs under regional anesthesia with the awake test in 44 patients. The mean age was 61.8 ± 7.1 years old. There were 82.2% 
(37/45) of males, and 68.9% (31/45) of symptomatic patients. Selective shunt placement had been performed in only two 
(4.4%) patients. Among them fewer cases (4%) had severe (stenosis ＞70%) contralateral ICA lesions, and more cases (91%) of 
complete morphology of the anterior or posterior circulation in the circle of Willis. There was no perioperative stroke, my-
ocardial infarctionor death, and asymptomatic new brain lesions were detected in 4 patients (9%), including 2 cases of se-
lective shunt placement. Conclusion: CEA under routine awake test could besafe and feasible method with low shunt place-
ment rate in selected patients.
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INTRODUCTION

Carotid endarterectomy (CEA) is an effective treatment 
modality to prevent strokes in patients with athero-
sclerotic carotid bifurcation disease [1]. There have been 
many debates regarding the need for and the adverse ef-
fects of shunt placement during CEA. The results of rou-
tine nonshunting are quite favorable: the stroke rate is ap-
proximately 2% [2]. However, this technique is not recom-

mendable due to the legal problem. The stroke rate of rou-
tine shunting is 1.4% to 1.8% [3,4]. The possible adverse ef-
fects of shunting are intimal injury and embolism from 
atherosclerotic debris. However, some studies have 
shown that the benefits of shunting are superior to the 
risks against it [5]. In selective shunting, the results are 
good: the stroke rate is merely 1% [6]. During CEA with se-
lective shunting, cerebral monitoring to assess ischemia 
from a cross-cramping of internal carotid artery (ICA) is 
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necessary. The monitoring devices are diverse: stump 
pressure measurement [7], electroencephalogram [8], so-
matosensory evoked potentials [9], measurement of mid-
dle cerebral artery flow of transcranialdoppler [10], and 
cerebral oxygen saturation [11]. However, none of them 
can assess cerebral ischemia accurately for selective 
shunting. At present, the awake test under regional anes-
thesia is the most reliable method to predict selective 
shunting. The shunt rate is also lower than other monitor-
ing modalities [10,12-15]. Many authors have reported the 
shunt rate to be 5% to 28% in selective shunting [10,12-18], 
and have suggested associated factors of shunt placement, 
including stenosis degree of ipsilateral and contralateral 
ICA, and completeness of the circle of Willis [17,18].

The aim of this study is to evaluate shunt rate and dis-
cuss the results related to selective shunt placement dur-
ing CEA using routine awake test under regional ane-
sthesia.

METHODS

Patients who had undergone CEA from January 2007 to 
June 2011 were retrospectively reviewed from pro-
spectively collected data. We collected data, including 
demographics, comorbidities, hemodynamic findings, 
morphological findings, surgical findings, morbidity, 
mortality, and survival from the medical records and 
imaging studies of the patients. If the patients had experi-
enced a transient ischemic attack (TIA) or a stroke 6 
months before surgery, they were considered sympto-
matic. We evaluated the shunt rate and identified the fac-
tors related to selective shunt placement during CEA us-
ing routine awake test under regional anesthesia.

All patients underwent brain magnetic resonance imag-
ing (MRI), neck computed tomography angiography 
(CTA), carotid duplex scan, and transcranialdoppler pre-
operatively. A stenosis degree of the lesion was graded by 
the North American Symptomatic Carotid Endarterec-
tomy Trial in CTA [1]. Completeness of the circle of Willis 
was evaluated from the morphological findings of CTA. 
Anterior circulation (ipsilateral A1 segment, anterior com-
municating artery, and contralateral A1 segment) and pos-

terior circulation (posterior communicating artery and P1 
segment) were classified as normal (diameter, ≥0.8 mm), 
hypoplastic (diameter, ＜0.8 mm), or absent according to 
the diameter measuring the component vessel segments [19]. 

We usually performed CEA under regional anesthesia 
with a deep cervical nerve block, while monitoring the 
neurologic symptoms of the patient. The need for a shunt 
placement was determined by the awake test, based on al-
terations in the neurologic examination, such as mental 
status deterioration and limb weakness that developed af-
ter at least 3 minutes of ICA clamping. All patients under-
went a diffusion-weighted brain MRI evaluation to detect 
new brain lesions and neurologic examination by a neu-
rologist the day after surgery. After that, a neurologic ex-
amination was performed by the neurologist every 3 
months, and a CTA or carotid duplex scan was performed 
annually.

RESULTS

We had performed 48 CEAs from January 2007 to June 
2011. Among them 45 CEAs under regional anesthesia 
with the awake test in 44 patients were included in this 
study and 3 CEAs under general anesthesia were 
excluded. The mean follow-up duration was 21.4 ± 14.6 
months (range, 0 to 53 months). The mean age was 61.8 ± 
7.1 years old (range, 47 to 78 years). There were 82.2% 
(37/45) of males. There were 68.9% (31/45) of symptomatic 
patients and 31.1% (14/45) of asymptomatic patients. 
Among symptomatic patients, there were 61.3% (19/31) 
cases of strokes and 38.7% (12/31) cases of TIA history. The 
mean time interval to surgery after last symptomatic at-
tack was 56.1 ± 33.5 days (range, 9 to 134 days). Baseline 
characteristics and comorbidities are shown in Table 1.

Selective shunt placement was undertaken in only two 
patients (4.4%). One was inserted before endarterectomy 
during a conventional technique, and the other was per-
formed after endarterectomy during an eversion tech-
nique. Eversion technique was performed in 76% (34/45) 
of all cases. There was no conversion from eversion techni-
que to conventional technique (Table 2).

Hemodynamic and morphologic findings of ICA are 
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Characteristic Value

Age (yr) 61.8 ± 7.1 (47–78)
Male 37 (82.2)
Symptomatic 31 (68.9)
Right side lesion 23 (51.1)
Comorbidities

Hypertension 33 (73.3)
Smoking 29 (64.4)
Hyperlipidemia 29 (64.4)
Diabetes mellitus 14 (31.1)
Chronic obstructive pulmonary disease   9 (20.0)
Coronary artery disease   6 (13.3)
Peripheral arterial disease   6 (13.3)
Renal insufficiency (sCr ＞1.5 mg/dL) 2 (4.4)

Values are presented as mean ± standard deviation (range) or 
number (%).
sCr, serum creatinine.

Table 1. Baseline characteristics and comorbidities (n = 45)

Variable Value

Selective shunt placement
Yes 2 (4.4)
No 43 (95.6)

Operative technique
Eversion 34 (75.6)
Conventional 11 (24.4)

Operative time (min)     144.3 ± 21.5 (110–210)
Clamping time (min)         38.5 ± 7.9 (25–55)

Values are presented as number (%) or mean ± standard deviation 
(range).

Table 2. Surgical findings (n = 45)

Variable Value

Ipsilateral lesion
Stenosis degree (%)
≥70 42 (93.3)
50–69 3 (6.7)

Peak systolic velocity (cm/sec)  242.0 ± 72.7 (80–412)
ICA/CCA, PSV ratio    4.31 ± 1.64 (1.34–9.36)
Ulcerative lesion 18 (40.0)
Longitudinal length (cm)        1.9 ± 0.6 (0.7–3.0)
Level

C2 spine 1 (2.2)
C3 spine 21 (46.7)
C4 spine 21 (46.7)
C5 spine 2 (4.4)

Contralateral lesion
Stenosis degree (%)
≥70 2 (4.4)
50–69 2 (4.4)
＜50 41 (91.1)

Values are presented as number (%) or mean ± standard deviation 
(range).
ICA, internal carotid artery; CCA, common carotid artery; PSV, 
peak systolic velocity.

Table 3. Hemodynamic and morphologic findings of internal 
carotid artery (n = 45)

Fig. 1. Categories of contralateral internal carotid artery (ICA) stenosis are shown in the computed tomography angiography. Severe stenosis
(＞70%) was in the ipsilateral ICA lesions (arrow of A, B and C). Severe stenosis (＞70%) (arrowhead of A), moderate stenosis (50% to 69%) 
(arrowhead of B) and mild stenosis (＜50%) (arrowhead of C) were in the contralateral ICA lesions.

shown in Table 3. In ipsilateral ICA lesions, severe stenosis 
(＞70%) was 93.3%. In contralateral ICA lesions, there was 

no occlusion. Severe stenosis (＞70%) and moderate steno-
sis (50% to 69%) were 4.4%, and mild stenosis (＜50%) was 
91.1% (Fig. 1).

Complete morphology of the anterior circulation was 
60.0% (27/45), as well as the posterior circulation (Table 4). 
Complete morphology of the anterior or posterior circu-
lation was considered good collateral circulation (91.1%, 
41/45). Hypoplastic or absent category was considered 
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Anterior circulation
Total

Normal Hypoplastic Absent

Posterior circulation
Normal 13 (28.9)   7 (15.6) 7 (15.6) 27 (60.0)
Hypoplastic 4 (8.9)   0 (0) 0 (0)  4 (8.9)
Absent 10 (22.2)   4 (8.9) 0 (0) 14 (31.1)

Total 27 (60.0) 11 (24.4) 7 (15.6) 45 (100)

Values are presented as number (%).

Table 4. Completeness of the circle of Willis (n = 45)

Fig. 2. Morphologic findings of the circle of Willis in the 3-dimentional reconstruction of computed tomography angiography show normal 
(diameter, ≥0.8 mm) (arrow of A), hypoplastic (diameter, ＜0.8 mm) (arrow of B) and absent (arrow of C) anterior circulation and normal 
(arrowhead of D), hypoplastic (arrowhead of E) and absent (arrowhead of F) posterior circulation.

Velocity Value

Postoperative hospital stay (day) 8.3 ± 3.2 (5–20)
Stroke 0 (0)
New brain lesion   4 (8.9)
Intimal flap of internal carotid artery   1 (2.2)
Restenosis 0 (0)
Nerve injury 1a) (2.2)
Wound hematoma   1 (2.2)
Hyperperfusion syndrome   1 (2.2)
Intracranial hemorrhage 0 (0)
Myocardial infarction 0 (0)
Death 0 (0)

Values are presented as mean ± standard deviation (range) or 
number (%).
a)One case of hoarseness occurred that might be due to a recurrent 
laryngeal nerve injury.

Table 5. Perioperative morbidity and mortality (n = 45)

poor collateral circulation (8.9%, 4/45). Almost twen-
ty-nine percent (28.9%, 13/45) had an entirely complete cir-
cle of Willis (Fig. 2).

Two patients who have selective shunt placement do 
not have any factors relating to shunt placement.  

There was no perioperative stroke. However, new 
asymptomatic brain lesions were detected in 4 patients 
(8.9%), including 2 cases of selective shunt placement; 2 
cases of eversion technique, and 2 cases of conventional 
patch technique. All lesions were on the ipsilateral side. 
Other morbidities are shown in Table 5. There was no peri-
operative death.

There was no myocardial infarction, death, recurring 
stroke, or restenosis on imaging study among the patients 
during a follow-up time of 21.4 ± 14.6 months after dis-
charge, except for one case of loss to follow-up.
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DISCUSSION

Many authors have suggested the factors associated 
with selective shunt placement. These are stenosis degree 
of ipsilateral and contralateral ICA, and completeness of 
the circle of Willis. Tan et al. [17] have reported that steno-
sis degree of ipsilateral ICA is relevant to selective shunt 
placement. The patients with moderate stenosis (50% to 
79%) are more likely to be associated with electro-
encephalography changes during clamping compared to 
those with severe stenosis (80% to 99%). They believe that 
this may be due to the greater relative loss of ipsilateral 
flow during clamping in the moderate stenosis group [17]. 

We can evaluate the collateral circulation from con-
tralateral ICA and the circle of Willis. Some studies have 
reported that stenosis degree of contralateral ICA is rele-
vant to selective shunt placement [13,17,20]. The occlusive 
lesions have a higher shunt rate, 19% to 55% [13,20]. In 
these studies, the patients with occlusive lesions are 10% 
to 13%.

Lee et al. [18] have reported that incompleteness of the 
circle of Willis is relevant to intraoperative cerebral ische-
mia during ICA clamping in patients with contralateral 
ICA occlusion. In patients with no occlusion of con-
tralateral ICA, there is no ischemia regardless of the in-
completeness of the circle of Willis. In this study, good col-
lateral circulation of the circle of Willis is 76.1%, and con-
tralateral ICA occlusion is 18% in which cerebral ischemia 
occurs 57% [18]. Hendrikse et al. [21] have reported that in 
patients with unilateral ICA stenosis, vessel diameters of 
the circle of Willis are larger than in control subjects [21]. 

Based on the above studies, a relatively lower shunt rate 
of our institution is explainable. In our study, selective 
shunt placement under regional anesthesia with an awake 
test is 4.4% (2/45), which is lower than 5% to 28% reported 
in many other studies [10,12-18]. The low shunt rate may 
be due to the following reasons. In our study, ipsilateral 
ICA lesions show fewer cases (6.7%) of moderate stenosis 
(50% to 69%) and more cases (93.3%) of severe stenosis (＞
70%). In contralateral ICA lesions, there are no occlusion, 
and fewer cases (4.4%) of severe stenosis (＞70%), and 
more cases (91.1%) of mild stenosis (＜50%). There are 
more cases (91.1%) of good collateral circulation of the cir-

cle of Willis. However, the shunt rate prevalence in our in-
stitution cannot be accurately compared to other studies, 
because most authors do not describe precisely the pro-
portion of patients with the related factors described 
above [10,12-18]. On the other hand, patients who have se-
lective shunt placement have no related factors mentioned 
above, where there are no explainable reasons. 

The followings are not known to be related factors: pres-
ence of ipsilateral preoperative symptoms, hypertension, 
coronary artery disease, diabetes, age, gender, smoking, 
preemptive intraoperative blood pressure manipulation 
to 20% or more above baseline before cross-clamping [17], 
and cerebral oxygen saturation [11]. 

The present study shows that the treatment outcomes of 
the CEA with a routine awake test are satisfactory. In our 
study, the stroke rate is 0%; others have reported 0% to 
4.0% [6,22-25]. Our finding shows new brain lesions occur-
ring 8.9% (4/45). Others have reported 10% to 17% [26-28]. 
These lesions are related to thromboembolic phenomena 
during carotid surgery, and selective shunt may reduce 
shunt rate and new brain lesions [29]. Schnaudigel et al. 
[26] have reported that selective shunting reduces new 
brain lesions from 16% to 6%, significantly more than rou-
tine shunting. There is no myocardial infarction; others 
have reported 0.2% to 1.4% [5,22,23]. Nerve injury occurs 
2.2% (1/45); others have reported 3.6% [5,25]. Hyperperfu-
sion syndrome occurs 2.2% (1/45); others have reported 
1% to 3% [30]. There are no deaths related to surgery; oth-
ers have reported 0% to 1.5% [22,24,25]. There is no rest-
eonosis during the follow-up period; others have reported 
0.7% [5]. 

At the same time, these treatment outcomes of CEA in 
our institution cannot be accurately compared with other 
studies described above because the baseline character-
istics are different. In our study, 68.9% are symptomatic 
patients; some studies have only symptomatic patients 
[5,27], while others have fewer (30% to 68%) [22-24,28]. In 
our study, the mean age is 61.8, but in other studies, the 
mean age was approximately 70 [5,22-24,27,28]. However, 
despite these limitations, it is obvious that the treatment 
outcomes of our study are satisfactory.

Our studies are limited by a small number of patients. 
As there are only 2 cases of selective shunt placement, the 
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analysis of associated factors is impossible. There is also 
less power in the relationship between shunt placement 
and complications such as new brain lesions. Thus, future 
research should consider using a larger number of 
patients.

In conclusion, the present study shows that using a rou-
tine awake test during CEA under regional anesthesia has 
a lower shunt rate (4.4%). The reasons for relatively lower 
shunt rate in this study may be that our study had in-
cluded more cases of good collateral circulation to brain: 
fewer cases (4%) of contralateral ICA lesions, and more 
cases (91%) of complete morphology of the anterior or pos-
terior circulation in the circle of Willis. It is better not to 
shunt if possible, because shunt placement can cause ad-
verse events. Therefore CEA under routine awake test 
could be safe and feasible method with low shunt place-
ment rate in selected patients
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