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Background and Objective: Nearly 60 years after the advent of carotid endarterectomy (CEA), controversy continues 
regarding the necessity of an indwelling shunt during carotid reconstruction. Reasonable arguments have been made for 
monitoring-dependent shunting, and remarks can be made in favor of non-shunt procedure. Based on the results of several 
studies, most strokes after CEA are thromboembolic and result from technical failures e.g. residual plaque fragments, and 
stenosis during arterial repair. The objective of the present study is to present the details and results of CEA without an 
intraluminal shunt.
Material and Method: A retrospective study was performed to determine the effi cacy of non-shunt CEA. During a four-year 
period, 25 patients, ranging from 49 to 81 years underwent 25 consecutive CEA. 
Results: The clinical presentations were previous minor stroke in 12, reversible ischemic neurological defi cit in eight, and 
TIA in fi ve. There was no early post-operative mortality. Neither carotid clamp time nor the presence of contralateral disease 
correlated with the occurrence of post-operative stroke.
Conclusion: Although the authors’ experience may be limited in terms of numbers of patients, satisfactory results in carotid 
reconstruction could be obtained using safe performance of CEA without intraluminal shunt.

Keywords: Carotid stenosis, Minor stroke, Non-shunt carotid endarterectomy, Reversible ischemic neurological defi cit, 
Transient ischemic attack

 The value of carotid endarterectomy (CEA) 
in stroke prevention for symptomatic patients with a 
high-grade (> 70%) internal carotid artery stenosis has 
been well established(1-5). To obtain the successful 
operation, the carotid lesion should be an operable one, 
and the risk of perioperative complication must be very 
low, at least below 3% for asymptomatic persons, 5% 
for those with transient ischemic attack, and 7% for 
patients with an ischemic stroke(6,7). Controversy over 
CEA technique is mainly centered in usage of 
indwelling artery shunt or intraluminal shunt during 
the temporary occlusion of the ipsilateral internal 
carotid artery. Opinions range from those who never 
employ shunts, or selective shunts to those who shunt 
routinely. Several large series presented good surgical 
outcome without shunt placement under any 
circumstances, although most of the papers were 
published in the 1990s(8-14). Certainly, the existence of 
post-operative stroke cannot be denied. The purposes 

of this report are to review the authors’ technique of 
non-intraluminal shunt placement and to ensure the 
safety of non-shunt CEA. 

Material and Method
Patient population
 The authors retrospectively reviewed the 
consecutive non-shunt CEA cases with emphasis on 
pre-operative evaluation of the patients, modifi cation 
of intra-operative management and post-operative 
outcome. The present study group included 25 patients 
consecutively admitted to the Department of 
Neurosurgery, Prasat Neurological Institute, Bangkok 
between March 2007 and March 2011. The institutional 
review board approved this retrospective study of 
patient data. 

Pre-operative investigation
 All patients with a history of transient 
ischemic attack (TIA), reversible ischemic neurological 
defi cit (RIND), and previous minor stroke underwent 
CT brain scan to rule out intracranial hemorrhage. 
Carotid duplex ultrasonography was undertaken and 
followed by magnetic resonance angiography (MRA) 
to assess the carotid bifurcation disease and the degree 
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of stenosis (Fig. 1). Conventional angiography was 
performed only in some cases, to delineate the actual 
stenosis segment (Fig. 2), or to evaluate the carotid 
disease and status of the collateral circulation. The rest 
of the patients were operated on based solely on the 
combination of duplex and magnetic resonance 
angiography.
 The patients were scheduled for CEA when 
the neurological condition was stable with intact 
sensorium and normal level of consciousness.

Operative management
 Anesthesia
 The authors prefer doing CEA under general 
anesthesia. Cerebral protection was performed using 
thiopental sodium before temporary occlusion of the 
carotid artery. The single dose of 5000 units’ heparin 
was given intravenously starting prior to the temporary 
occlusion of internal the carotid artery; usually it takes 
about 10 minutes before occluding the carotid artery. 
The blood pressure was also raised 10% above the 
pre-operative level with the aims not only to promote 
collateral circulation but also to avoid the ischemic 
complication during carotid clamping.

 Surgical procedure: carotid endarterectomy
 The patient was in supine position. Head was 
placed on a gelatin headrest. The neck was slightly 
extended and turned to the contralateral side. The head 
was above the level of the heart to promote venous 
drainage. 
 The incision was outlined along the anterior 
border of the sternocleidomastoid muscle, not to injure 
the parotid gland and superfi cial mandibular branches 
of the facial nerve.
 The incision was carried down through             
the platysma along the anterior border of the 
sternocleidomastoid muscle. Multiple stayed-sutures 
with rubber bands were used to maximize the adequate 
exposure instead of using a self-retaining retractor. 
During this stage of dissection multiple stayed-sutures 
were used to retract the internal jugular vein laterally 
and tracheal muscle medially. With this maneuver, the 
carotid sheath became visible and maintained its 
exposure.
 The dissection of the carotid bifurcation          
and proximal internal carotid artery must be gently 
performed to avoid disturbing the embolic material 
along the atherosclerotic plaque. The end of the 
dissection was the complete exposure of the external 
carotid artery and the superior thyroid artery. Vascular 
loops were placed around the common carotid            
artery, internal carotid artery, external carotid artery, 
and superior thyroid artery.
 The microscope was brought into the fi eld. 
During this stage of procedure, 5,000 units of heparin 
were administered intravenously. Bolus dose of 250 mg 
thiopental sodium followed by continuous infusion at 
the rate of 5 mg/kg /hour for cerebral protection was 
also initiated. Blood pressure was raised 10% above 
the base line before temporary closure of the carotid 
artery to enhance the cerebral blood fl ow. A temporary 

Fig. 1 A) Post contrasted magnetic resonance angiography 
(MRA) revealing severe stenosis of the internal 
carotid artery. B) Three-dimensional (3D) 
reconstruction image of MRA delineating the 
stenosis part, 360 degree evaluation is another 
advantage of 3D picture

Fig. 2   A) Conventional post contrasted MRA demonstrating 
an overestimated stenosis portion. B) Angiography 
showing the proper severe stenosis portion. C-D)  
Three-dimensional angiography demonstrating 
360 degree stenosis portion
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aneurysm clip was placed on the internal carotid artery 
fi rst, and an angled Debakey clamp was placed on the 
common carotid artery. The additional aneurysm clips 
were placed on the external and superior thyroid        
artery. The arteriotomy was started at the common 
carotid artery and extended distally beyond the end of 
the atherosclerotic plaque in the internal carotid artery, 
the approximate length of the arteriotomy could be 
measured in the pre-operative angiogram. The closure 
of the arteriotomy would be easier, if the incision line 
was along the anterolateral side of the artery. The 
endarterectomy was begun with microdissector. The 
cleavage plane could be well illustrated under the 
microscope. The distal end of this plaque was divided. 
Afterward, circumferential dissection was continued 
proximally into the common carotid artery and 
proximal external carotid artery. Cleaning up of the 
remaining fragile atheromatous and tissue debris was 
also an important step to eliminate the potential 
dislodgement of embolic material. The distal lumen 
was also inspected for intimal fl ap. Tacking suture was 
undertaken if needed. 
 The closure started at the distal internal 
carotid artery using continuous 8-0 monofi lament 
suture. Before tying suture lines, the distal clip of 
internal carotid artery was removed to allow back fl ow 
of blood washing out any debris and air. Subsequently, 
the distal clip was reapplied. The remaining blood was 
again washed out with heparinized saline before 
closing the arteriotomy. The temporary occlusion of 
external and common carotid artery was ceased to 
allow any remaining debris and air fl oating through 
the external carotid artery. Before opening the internal 
carotid artery, the blood pressure was lowered 10% 
below the base line, to prevent hyperperfusion 
syndrome. After complete hemostasis, the wound was 
closed in layers without reversing the heparin.

Post-operative management
 The patients were monitored in the ICU at 
least 24 hours for strict blood pressure control, high 
blood pressure is prohibited. If there were an additional 
post-operative neurological defi cit, further investigation 
would be performed to identify its cause, whether it is 
the occlusion of the surgical site, embolic phenomenon 
or from intracerebral hemorrhage after the post-
operative hyperperfusion stage. 

Results
 The present study included 25 patients with 
symptomatic carotid stenosis who were treated by 

non-shunt CEA technique between March 2007 and 
March 2011 (20 men and 5 women) with a mean age 
of 65.48 years (range, 49 to 81 years). The most 
common underlying diseases were hypertension                
(23 of 25, 92%), followed by dyslipidemia (10 of            
25, 40%) and diabetes mellitus (10 of 25, 40%). Only 
three cases (12%) suffered from all three underlying 
diseases and three individuals (12%) had ischemic 
heart disease. The majority of patients (12 of 25, 48%) 
presented with minor stroke with some degrees of 
recovery. Of the 12 cases of minor stroke, four patients 
(33%) had a history of previous stroke. Eight patients 
(32%) presented with RIND. Among eight patients of 
RIND, one (12.5%) patient had warning TIA and 
another one (12.5%) had a history of amourosis fugax. 
In contrast to the literature that most of the patients 
with symptomatic carotid artery stenosis who undergo 
CEA usually presented with TIA, only two patients 
presented with TIA and the other three patients 
presented with amourosis fugax. Patients’ demographic 
and clinical presentations are summarized in Table 1.
 The mean time interval between the initial 
clinical presentations and operation date was 74.12 days 
(range, 7 to 162 days).The mean occlusion time was 
61.56 minutes (range, 30 to 105 minutes) (Table 2). 
The most common surgical related complications were 
perioperative transient weakness, which happened 
seven hours after surgery in one case and 24 hours 
post-operatively in two other cases. Two cases had         
full recovery in 24 hours and another one recovered in 
two weeks. There was permanent mild weakness in 
one case. All of the neurological complications 
occurred in cases of pre-operative minor stroke. Two 
cases of wound hematoma needed no surgical 
intervention. Complete obliteration of the ICA without 
neurological defi cit was found in one case (Table 3).
 The gross surgical fi ndings could be classifi ed 
into four components, which were fi brous atheroma, 
cholesterol abscess, thrombosed material, and calcifi ed 
plaque. All plaques consisted of the combination of at 
least two components (Table 4). Fibrous atheroma was 
the most common surgical fi nding (25 of 25, 100%) 
followed by cholesteral abscess (19 of 25, 76%), and 
calcifi ed plaque (16 of 25, 64%).The least common 
fi nding was the intraplaque hemorrhage or thrombosis 
(7 of 25, 28%).

Discussion
Pre-operative evaluation
 To deserve the merit of CEA in stroke 
prevention, the accuracy of diagnosis is of paramount 
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importance. NASCET and ECST have established that 
> 70 to 99% symptomatic ICA stenosis is best treated 
by a combination of CEA and medical management(1,2). 
Both different methods of measurement were        
obtained from contrast angiogram, but angiography          
is not without risks. In the Asymptomatic Carotid 
Atherosclerosis Study (ACAS), the angiographic 
stroke rate was 1.2%, which was slightly greater than 
half the combined 30-day perioperative morbidity          
rate of 2.3%(7). Because the annual stroke rate in 
asymptomatic patient with signifi cant carotid artery 
disease is only 2 to 5%, this angiographic stroke rate 
is signifi cant(7). Greater than 70% stenosis or occlusion 

of the ICA has been signifi cantly correlated with the 
occurrence of neurologic complications(15). To avoid 
such complications, non-invasive screening test with 
nearly 100% specifi city would be a useful alternative 
tool. Duplex scanning has a reported accuracy of 87 to 
95%(16-23). However, Duplex scans tend to underestimate 
the degree of ICA stenosis(3). MRA is another diagnostic 
tool that provided sensitivity ranging from 83 to 100%, 
specifi city from 74.5 to 100%, and accuracy from 77 
to 96%(19-21,23). Multiple reports have concluded that 
MRA when combined with Doppler ultrasound can 
replace conventional angiography for pre-operative 
assessment of carotid artery stenosis(3,21,22,24-26).

Patients No. Age (yrs)/sex Underlying disease Past history Presentation
DLP DM HT IHD

1        59/M / / 2 yr. Lt. hemiparesis      TIA
2        63/F / /      AF
3        67/M /      AF
4        56/M /      S
5        49/M /      S
6        81/M / /      S
7        60/M / / 2 d. Lt. AF      RIND
8        51/M / 114 d. Lt. hemparesis      S
9        67/F / / 20 d. Rt. hemiparesis      RIND
10        63/M / / / /      RIND
11        76/M / 6 m. Rt. hemiparesis      S
12        74/M / / / 30 d. Lt. TIA      RIND
13        66/M / / 3 yr. Rt. Hemiparesis      S
14        79/F / /      S
15        71/M / / 6 m. Rt. hemiparesis      RIND
16        59/M / /      S
17        71/M / 6 m. Lt. hemiparesis      S
18        67/M / /      S
19        51/F / / / 8 yr. Rt. hemiparesis      AF
20        68/M /      TIA
21        70/F / /      RIND
22        77/M / 10 yr. Lt. hemiparesis      RIND
23        76/M / 12 yr. Rt. hemiparesis      RIND
24        60/M / /      S
25        56/M / / /      S

AF = amourosis fugax; CVD = cerebrovascular disease; d = day; DM = diabetes mellitus; DLP = dyslipidemia; F = female; 
HT = hypertension; IHD = ischemic heart disease; Lt = left; M = male; m = month; Rt = right; RIND = reversible ischemic 
neurological defi cit; S = stroke; TIA = transient ischemic attack; yr = year

Table 1. Clinical characteristics 
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Patients No. Time interval 
(days)

Ischemic time 
(minutes)

1   98   30
2   18   57
3   52   60
4 121   50
5   23   95
6   47   40
7     7   34
8 114   36
9 162   74
10   69   74
11 120   63
12   20   50
13 103   43
14   57 104
15 120   60
16   94   41
17 105   69
18   98   49
19   30   55
20   15   33
21 107 105
22   49   80
23   60   74
24   58 103
25 106   60

Table 2. The interval between initial symptom and operation 
date as well as carotid artery clamping period

Complications No. (%)
Silent  ICA  occlusion 1 (4%)
Mild  permanent  defi cit 1 (4%)
RIND 1 (4%)
TIA 2 (8%)
Wound hematoma 2 (8%)
Pneumonia 1 (4%)

Table 3. Postoperative outcome

 Therefore, in cases of solid evidence of       
severe stenosis, the authors performed a CEA based 
solely on the good quality data of Duplex scan and 
MRA. Additional carotid angiography was undertaken 

only in patients with an uncertain degree of arterial 
stenosis, to delineate the actual stenosis segment and 
status of the collateral circulation.

Operative management
 Indwelling of shunt during CEA is still the 
topic of discussion. In cases that non-shunt technique 
was performed, adequate cerebral perfusion during 
vessel clamping could be achieved using several 
measurements to increase cerebral blood fl ow(27). The 
most interesting data from the local anesthesia series 
is that of Steed et al(28). They found that intra-operative 
neurological defi cit was most often associated with 
carotid dissection or clamp reopening, and only rarely 
with carotid cross-clamping. Their data supports the 

Patient 
No.

Plaque character
Fibrous 

atheroma
Cholesterol 

abscess
Thrombose Calcify

1 / /
2 / / /
3 / /
4 / /
5 / / /
6 /
7 / /
8 / / /
9 / / /
10 / / /
11 / / /
12 / / /
13 / / /
14 / / /
15 / /
16 / / /
17 / / /
18 / / /
19 / / / /
20 / /
21 / / /
22 / / /
23 / /
24 / / /
25 / / /

Table 4. Gross pathology
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theory that most perioperative neurological defi cits are 
embolic rather than ischemic in nature. Several large 
series have been presented good surgical results 
without shunt placement under any circumstances(8-14). 
Nearly all authors, even those who shunt routinely, 
agree that shunt was probably not required in the 
majority of cases(29). Spetzler has likewise reported 
excellent non-shunt surgical results with a strategy          
of intra-operative barbiturate and microsurgical 
technique(30). According to the authors’ post-operative 
results, there was no patient suffering from our non-
intraluminal shunt technique. The data demonstrated 
herein confirm that good clinical results can be 
achieved without an intraluminal shunt, even in patients 
with contralateral partial or total obstruction of the 
carotid artery. Therefore, the authors believe that during 
clamping the internal carotid without shunt placement, 
the adequate ipsilateral blood supply could be provided 
from the naturally developed collateral circulation, 
intra-operative cerebral protection and increased          
blood pressure technique. Post-operative neurological 
defi cits; if they occur, are usually due to the embolic 
phenomenon. This non-shunt technique can be 
considered as a safe procedure to be performed without 
the sophisticated intra-operative monitoring (i.e. 
transcranial Doppler, transcranial cerebral oximeter, 
measuring of stump pressure). However, the surgeon 
who obtains satisfactory results using the selective 
shunt or routine shunt should continue to do so.
 The benefit of microsurgical carotid 
endarterectomy, apart from good illumination and 
magnification, is the ability to remove far rostal 
extension of the plaque or high carotid bifurcation by 
tilt the microscope and “look up” under the ankle of 
mandible. The microscope provides a more precise 
cleavage plane and complete removal of small 
fragments and fragile intima. Suture related stenosis 
could be avoided by smaller suture, closed bites, and 
delicate vessel wall approximation.

Post-operative management
 The most serious complication after CEA is 
the hyperperfusion syndrome, although it is an 
infrequent syndrome, strict blood pressure control is 
mandatory.

Conclusion
 Although the present study may be limited in 
terms of number of patients, the authors have found 
that non-shunt CEA is a safe surgical procedure and 
has the favorable outcome comparing with the previous 

several studies. The need for intra-operative shunting 
is an individual surgeon’s choice.

Potential confl icts of interest
 None. 
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การศึกษาผลลัพธของการผาตัดรักษาหลอดเลือดแดงคาโรติดที่คอตีบดวยวิธี non-shunt carotid 
endarterectomy

อนุศักดิ์ เลียงอุดม, วุฒิพงษ ฐิรโฆไท, ชัยพล วุฒิโอภาส

วัตถุประสงค: ถึงแมการผาตัด carotid endarterectomy (CEA) จะมีมานานกวา 60 ปแลวก็ตาม แตยังคงมีขอถกเถียงถึง 
ความจำเปนที่ตองใส shunt ระหวางการทำ CEA, บางกลุมจะเลือกใส shunt ในกรณีที่มีความผิดปกติของคาการตรวจทาง 
ประสาทสรีรวิทยาในหองผาตัด แตก็มีกลุมที่รายงานถึงผลผาตัดท่ีดีโดยไมตองใส shunt มีรายงานมากมายท่ีระบุวา อัมพาตหรือ 
อัมพฤกษ หลัง CEA เปนผลจากการหลุดของล่ิมไขมัน หรือ เทคนิคการผาตัดท่ีไมดี มากกวาที่จะเกิดจากสมองขาดเลือด 
ในระหวางการทำ CEA, รายงานการศึกษาฉบับนี้มีวัตถุประสงค เพื่อบรรยายถึงเทคนิคการผาตัด CEA โดยไมใส shunt และ 
วิเคราะหผลภายหลังการผาตัด
วัสดุและวิธีการ: เปนการศึกษายอนหลัง 4 ป ในผูปวย 25 รายที่มีอายุระหวาง 49-81 ป
ผลการศกึษา: ผูปวย 25 ราย มาโรงพยาบาลดวยภาวะของ minor stroke 12 ราย, มภีาวะ reversible ischemic neurological 
deficit 8 ราย และอีก 5 รายมาดวยอาการของ transient ischemic attack ไมมีผูปวยท่ีเสียชีวิต และไมพบวามีความสัมพันธ
ระหวางการเกิดอัมพฤกษหลังผาตัด กับชวงเวลาท่ีหนีบหลอดเลือดแดงคาโรติด และไมสัมพันธกับการมีภาวะตีบของหลอดเลือด 
คาโรติดฝงตรงขาม
สรุป: การผาตัด CEA โดยการใสสาย shunt ยังคงขึ้นกับความเชื่อของศัลยแพทยผูผาตัด แตจากขอมูลการศึกษาฉบับนี้ พบวา 
การผาตัด CEA โดยไมใส shunt ยังถือวามีความปลอดภัย ถาทำอยางถูกตองและละเอียดรอบคอบ
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