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Abstract 
 

Background   
Carotid endarterectomy reduces the risk of stroke in people with recently symptomatic, 
severe carotid artery stenosis. However, there are significant perioperative risks which 
may be lessened by performing the operation under local rather than general 
anaesthetic. Also the perioperative risk might be lower by using intraluminal shunting 
rather than without shunt.  This study aimed to assess the risks of endarterectomy 
under local compared with general anaesthetic. Also to assess the effect of routine 
versus selective or no shunting during carotid endarterectomy, and to assess the effect 
of different methods for selection of people for shunting. 

 
Methods   
We searched the Cochrane Stroke Group Trials Register (last searched August 2013), 
the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library, 
Issue 8, 2013), MEDLINE (1966 to August 2013), EMBASE (1980 to August 2013) and 
Index to Scientific and Technical Proceedings (1980 to August 2013). We handsearched 
journals and conference proceedings, checked reference lists, and contacted experts in 
the field. In terms of selection criteria, randomised trials comparing carotid 
endarterectomy under local versus general anaesthetic. Also randomised and quasi-
randomised trials of routine shunting compared with no shunting or selective shunting, 
and trials that compared different shunting policies in people undergoing carotid 
endarterectomy. Two review authors assessed trial quality and extracted the data 
independently. 

 
Main results   
For study in anesthetic aspect, ten randomised trials involving 4335 operations were 
included, of which 3526 were from the single largest trial (GALA). Meta-analysis of the 
randomised studies showed that there was no evidence of a reduction in the odds of 
operative stroke or death (odds ratio (OR) 0.85, 95% confidence interval (CI) 0.63 to 
1.16). For study in shunting, We included three trials involving 686 participants 
compared routine shunting with no shunting, For routine versus no shunting, there was 
no significant difference in the rate of all stroke, ipsilateral stroke or death up to 30 days 
after surgery, although data were limited.  
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Authors' conclusions   
The risk of stroke and death did not differ significantly between the two types of 
anaesthetic technique during carotid endarterectomy. This review provides evidence to 
support a policy that patients and surgeons can choose either anaesthetic technique, 
depending on the clinical situation and their own preferences. This review concluded 
that the data available were too limited to either support or refute the use of routine or 
selective shunting in carotid endarterectomy. Large scale randomised trials of routine 
shunting versus selective shunting are required. 

 
Key word: carotid endarterectomy, stroke, anesthetic, shunt   
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บทคดัย่อ 
 

บทน า   
การผ่าตดั  Carotid endarterectomy (CEA) สามารถลดการเกดิอมัพาตในคนทีม่หีลอดเลอืด
แดง carotid ตบีรุนแรงได้  แต่เนื่องจากเทคนิคการผ่าตดัมคีวามแตกต่างกนัเพื่อลดการเกิด
อมัพาตในเกดิน้อยทีสุ่ดในระหว่างการผ่าตดัในแต่ละศลัยแพทย ์ ไดม้ขีอ้ถกเถยีงกนัถงึเทคนิค
ทางวสิญัญวีทิยาว่าจะใช้ยาระงบัความรูส้กึเฉพาะที่หรอืจะให้ยาระงบัความรูส้กึทัง้ตวั  และใน
ระหว่างการผ่าตดัหนีบหลอดเลอืดควรใส่ shunt ซึง่เป็นท่อพลาสตกิกลวงทีส่ามารถโคง้งอไดม้า
ใส่ไวใ้นหลอดเลอืดเพื่อใหเ้ลอืดไหลผ่านลดัขา้มบรเิวณทีก่ าลงัท าผ่าตดัไปหรอืไม่ 
 
วิธีการศึกษา 
การศึกษาใช้เทคนิค systematic review และ meta-analysis ที่หาข้อมูลจากฐานข้อมูล  
MEDLINE (คศ.1966 ถงึ 2013), EMBASE (คศ1980 ถงึ 2013) ไดห้าขอ้มลูจาก Index to 
Scientific and Technical Proceedings (ISTP) (คศ.1980 ถงึ 2013) ไดท้ าการคน้หาขอ้มลู
เพิม่เตมิโดยละเอยีดในเอกสารประกอบการประชุมใน 6 วารสาร และค้นหาจากเอกสารอ้างองิ
ในงานวจิยัทีน่ ามาวเิคราะห ์ 

 
โดยเลือกเฉพาะการศึกษาแบบ randomised controlled trial (RCT) (รวมถงึ quasi-RCT)              
ที่เปรยีบเทยีบระหว่างเทคนิคทางวสิญัญวีทิยาว่าจะใช้ยาระงบัความรูส้กึเฉพาะที่หรอืจะให้ยา
ระงบัความรู้สึกทัง้ตัว  และในระหว่างการผ่าตัดหนีบหลอดเลือดใส่ shunt หรอืไม่ใส่ shunt  
การศกึษาท าโดย 2 นกัวจิยัทีท่ าโดยอสิระต่อกนัในทุกขัน้ตอน  

 
ผลการศึกษา 
ในดา้นเทคนิคทางวสิญัญ ีพบ 10 RCT มจี านวนการผ่าตดัในการศกึษาทัง้หมด 4335 ครัง้ 
การศกึษาพบว่าไม่พบความแตกต่างของอ้ตราการเกดิอมัพาตและเสยีชวีติระหว่าง 2 เทคนิค
ทางวสิญัญ ี (odds ratio 0.85, 95% confidence interval 0.63 ถงึ 1.16)  ในดา้นการศกึษา 
shunt พบ 3 RCT มจี านวนการผ่าตดัทัง้หมด 686 ครัง้ จากขอ้มลูทีม่ไีม่พบว่ามคีวามแตกต่าง
ระหว่างการใส่ shunt และการไม่ใส่ shunt แต่ขอ้มลูทีม่ใีนการวเิคราะหม์จี านวนน้อยเกดิกว่าที่
จะสรปุไดอ้ยา่งมัน่ใจ   

 
สรปุ 
การศึกษานี้ไม่พบว่าเทคนิคทางวสิญัญีวทิยาว่าจะใช้ยาระงบัความรู้สกึเฉพาะที่หรอืจะให้ยา
ระงบัความรู้สึกทัง้ตัวมคีวามแตกต่างด้านอัตราการเกิดอัมพาต ดงันัน้ผู้ป่วยและศลัยแพทย์
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สามารถเลอืกวธิใีดก็ได้ในการผ่าตดั ในด้านการใส่ shunt พบว่าจ านวนผู้ป่วยในการศกึษามี
จ านวนจ ากดั ไมส่ามารถสรปุได ้ จงึตอ้งรอการศกึษาใหม้จี านวนทีพ่อเพยีงก่อนจะสรปุได ้    

 
ค าส าคญั อมัพาต  หลอดเลอืดแดงตบี  วสิญัญ ี การใส่ท่อเลอืด 
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1. บทน ำ   ควำมส ำคญัและท่ีมำของปัญหำ 

โรคหลอดเลอืดสมองหรอื stroke น ำมำสู่กำรเสยีชวีติและควำมพกิำร เป็นโรคทีแ่ต่ละ
ประเทศต้องใช้งบประมำณอย่ำงมำกในกำรดูแลผู้ป่วย แต่ถงึอย่ำงไรก็ตำม stroke เป็นโรคที่
รกัษำและป้องกนัได้ จำกขอ้มูลกระทรวงสำธำรณสุข พ.ศ.25471 ซึ่งได้รำยงำนโรคที่เป็นภำระ
ของคนไทยฉบบัล่ำสุด พบว่ำ stroke คอืโรคทีเ่ป็นสำเหตุกำรตำยหนึ่งในสบิของคนไทยโดยใน
เพศหญิงเป็นสำเหตุกำรตำยที่สูงเป็นอนัดบัหนึ่ง (14%) และในเพศชำยเป็นอนัดบัสำม (8%) 
รองจำกโรคเอดส์และอุบตัิเหตุ โรค stroke ท ำให้ประเทศชำติสูญเสยีทรพัยำกรมนุษย์ที่จะ
ท ำงำนหรอืถ้ำยงัไม่เสยีชวีติ ก็เสยีควำมสำมำรถในกำรท ำงำนอย่ำงมปีระสทิธภิำพ จำกขอ้มูล
เบือ้งต้นพบว่ำ stroke เป็นโรคทีท่ ำใหจ้ ำนวนปีทีสุ่ขภำพดสีูญเสยีไป (disability adjusted life 
year) สงูเป็นอนัดบัสองในเพศหญงิและเป็นอนัดบัสำมในเพศชำย1  

 
กำรตบีของหลอดเลอืดเลี้ยงสมองบรเิวณคอ (Carotid artery stenosis-CAS) เป็น

สำเหตุโรคหลอดเลอืดสมอง 17%2 กำรศกึษำในอดตีพบว่ำ CAS ก่อให้เกดิก้อนเลอืดบรเิวณ
หลอดเลอืดทีต่บีและส่งผลใหเ้กดิหลอดเลอืดไปอุดเสน้เลอืดในสมอง (cerebral embolism) เป็น
กลไกหลกัของกำรเกดิโรคหลอดเลอืดสมองจำก CAS กำรผ่ำตดั Carotid endarterectomy 
(CEA) (รปูที ่1) เป็นกำรผ่ำตดัเพื่อลอก atherosclerotic plaque ออกจำกผนังหลอดเลอืด CEA 
สำมำรถป้องกนักำรเกดิ stroke ในอนำคตออก ในรำวปี ค.ศ. 1991 มกีำรศกึษำ randomsied 
controlled trial (RCT) ขนำดใหญ่อยู่สองกำรศกึษำ ในยุโรปชื่อ European Carotid Surgery 
Trial –ECST (3018 คน)3 และในสหรฐัอเมรกิำ ชื่อ North American Symptomatic Carotid 
Endarterectomy Trial 4–NASCET (2885 คน)  เป็นกำรศกึษำในผู้ป่วยทีม่อีำกำรขำดเลอืด
เลี้ยงสมองร่วมกบัม ีCAS ได้ศกึษำเปรยีบเทยีบระหว่ำงกำรผ่ำตดั CEA กบักำรได้ยำรกัษำ 
พบว่ำกำรผ่ำตดั CEA สำมำรถลดโอกำสเสีย่งกำรเกดิ stroke ไดม้ำกกว่ำกำรไดย้ำเพยีงอย่ำง
เดยีว5 แต่ถงึอยำ่งไรกต็ำมแมม้กีำรศกึษำขนำดใหญ่ดงักล่ำว กำรผ่ำตดั CEA ยงัมขีอ้ถกเถยีงใน
เรือ่งเทคนิคกำรผ่ำตดั ดำ้นผลของเทคนิคดำ้นวสิญัญ ีกำรใส่ shunting และเทคนิคกำรปิดหลอด
เลอืด และเป็นทีม่ำกำรศกึษำวจิยัหวัขอ้ต่ำงในกำรศกึษำนี้ 
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                       ก       ข            ค 

รูปที่ 1 แสดงการเลาะ atherosclerotic plaque จากผนงัหลอดเลือด ก) แสดงเลาะ plaque 

ทะลุไปอีกดา้นโดย right angle clamp ข) แสดงการตดั plaque ในแนว CCA ค) ลอก plaque 

ออกไปทาง distal  

 

1.1 วิธีกำรให้ยำระงบัควำมรู้สึกในกำรผำ่ตดั CEA   

ในกำรผ่ำตดั CEA ได้มขี้อถกเถยีงกนัถงึเทคนิคทำงวสิญัญวีทิยำว่ำจะใช้ยำ
ระงบัควำมรู้สกึเฉพำะที่ ( locoregional anesthesia หรอื LA) หรอืจะให้ยำระงบั
ควำมรูส้กึทัง้ตวั (general anesthesia หรอื GA)6 แพทยบ์ำงกลุ่มให้เหตุผลว่ำ GA 
สำมำรถป้องกันกำรขำดเลือดในสมองได้เพรำะยำดมสลบบำงตัว เช่น isoflurane 
สำมำรถลด neuronal activity ท ำให้เซลลส์มองมคีวำมต้องกำรออกซเิจนลดลง7 ส่วน 
fast-acting barbiturate สำมำรถลด oxygen metabolism ท ำใหเ้ซลลส์มองใชอ้อกซเิจน
ลดลง นอกจำกนัน้ barbiturate ยงัเพิม่เลอืดไปเลีย้งสมองส่วนต่ำงๆ ใหม้ปีระสทิธภิำพ
ยิง่ขึ้น ลด intracranial pressure และป้องกันสมองบวม อย่ำงไรก็ตำมผลของ 
barbiturate ดงักล่ำวจะเกดิเมื่อใหย้ำในปรมิำณทีสู่งกว่ำระดบัปกตทิีใ่ชก้นั ส่วนผลของ 
barbiturate ปรมิำณปกติที่ให้ผู้ป่วยมอียู่เพยีงกำรศึกษำเดยีวที่แสดงให้เหน็ประโยชน์
ของกำรป้อง 
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กำรสมองขำดเลอืด7 ขอ้ดขีอง GA อกีประกำรหนึ่งคอืท ำใหผู้ป่้วยไม่ต้องกระวน
กระวำยในขณะผ่ำตดั ควำมกงัวลของผู้ป่วยจะมผีลต่อกำรท ำงำนของระบบหวัใจและ
หลอดเลอืด 

ในทำงตรงกนัข้ำมแพทยอ์ีกกลุ่มหนึ่งให้เหตุผลว่ำ LA เป็นวธิทีี่ดกีว่ำเพรำะ
สำมำรถตรวจระบบกำรท ำงำนของสมองไดต้ลอดเวลำเพรำะผูป่้วยรูส้กึตวัอยู่ตลอดและ
ใช้ในกำรประเมนิว่ำจะต้องใส่ shunt หรอืไม่ หำกเป็นกำรผ่ำตดัโดยใช้ GA จะไม่
สำมำรถประเมนิกำรท ำงำนของสมองไดจ้งึใหอ้ตัรำกำรใส่ shunt สูงกว่ำมำก หำกอตัรำ
กำรใส่ shunt ลดลงจะท ำใหภ้ำวะแทรกซอ้นจำกกำรใส่ shunt ลดลงไปดว้ย นอกจำกนี้ 
LA ยังรักษำกระบวนกำร physiological protective mechanisms ของ 
cerebrovascular reflex ส่งผลใหม้เีลอืดไปเลีย้งสมองอยำ่งสม ่ำเสมอ8 
 

สรปุข้อดีของกำรผำ่ตดั CEA โดยใช้ GA   

-  สำมำรถลด cerebral metabolic rate ในขณะผ่ำตดัได ้     
-  ลดควำมกงัวลในผูป่้วยลง ท ำใหผ้่ำตดัไดส้ะดวก ผูป่้วยอยูใ่นท่ำนิ่งตลอดเวลำ 
-  ควำมเครยีดของศลัยแพทยล์ดลงท ำใหก้ำรสอนนักศกึษำแพทยห์รอืศลัยแพทยฝึ์กหดั

ท ำไดส้ะดวกขึน้      
-  แนวโน้มทีผู่ป่้วยจะมคีวำมดนัโลหติสงูในระหว่ำงผ่ำตดัมตี ่ำกว่ำ    

-  หำกเกดิปัญหำรุนแรงในระหว่ำงผ่ำตดัสำมำรถดแูลทำงเดนิหำยใจไดง้่ำยกว่ำเพรำะมี

ท่อช่วยหำยใจอยูแ่ลว้        

   

สรปุข้อดีของกำรผ่ำตดั CEA โดยใช้ LA9  

-  ท ำใหร้กัษำกระบวนกำร cerebral antoregulation เป็นไปอย่ำงปกต ิ   
-   ป้องกนักำรเกดิควำมดนัโลหติต ่ำในระหว่ำงผ่ำตดั     
-   สำมำรถใหก้ำรวนิิจฉยัไดอ้ยำ่งชดัเจนว่ำผูป่้วยตอ้งกำรกำรใส่ shunt หรอืไมใ่น

ระหว่ำงหนีบหลอดเลอืด carotid artery     
-  หลงัผ่ำตดัผูป่้วยจะฟ้ืนตวัไดเ้รว็สำมำรถกลบับำ้นไดไ้วกว่ำจงึลดค่ำใชจ้ำ่ยใน

โรงพยำบำลไดด้กีว่ำ  
 

 

สรปุกำรผ่ำตดัยงัไม่สำมำรถสรปุได้ว่ำควรผำ่ตดั CEA ใต้ LA หรือ GA จึงน ำมำสู่กำร

ศึกษำวิจยัน้ี 
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1.2 กำรใส่ shunt ขณะผำ่ตดั        
ในกำรผ่ำตดั CEA จะต้องมกีำรหนีบหลอดเลอืด carotid artery ซึง่มสี่วนไป

เลีย้งสมองท ำใหผู้ป่้วยอำจมอีำกำรสมองขำดเลอืดได ้ซึง่เรยีกว่ำ hemodynamic stroke 
ท ำใหม้กีำรคดิคน้วธิใีส่ shunt ขึน้โดยน ำท่อพลำสตกิกลวงทีส่ำมำรถโคง้งอไดม้ำใส่ไวใ้น
หลอดเลอืดเพื่อให้เลอืดไหลผ่ำนลดัข้ำมบรเิวณที่ก ำลงัท ำผ่ำตดัไป เพื่อป้องกนัสมอง
ขำดเลอืดเรยีกเทคนิคนี้ว่ำ temporary intraluminal shunting10 (รปูที ่2) กำรใส่ shunt 
ในระหว่ำงผ่ำตดัท ำให้กำรท ำ endarterectomy ไม่ต้องรบีร้อนมำกและยงัมเีวลำที่จะ
สอนศัลยแพทย์ฝึกหัดได้อีกด้วย ในบำงครัง้อำจท ำให้กำรผ่ำตัดที่ค่อนข้ำงยุ่งยำก
ซบัซอ้นง่ำยดำยขึน้ เช่น กำรม ีhigh carotid dissection ขอ้ดอีกีอย่ำงหนึ่งคอื shunt ยงั
ท ำหน้ำทีเ่หมอืนเป็น stent คอยถ่ำงหลอดเลอืดไวข้ณะก ำลงัเยบ็ปิดผนงัหลอดเลอืด 

 
 

 

                   ก                                                                       ข 

รปูท่ี 2 แสดงขัน้ตอนกำรใส่ Javid shunt ก) แสดงกำรใส่ shunt เขำ้ไปในส่วนของ 

common carotid artery และปล่อยใหเ้ลอืดไหลออกมำสู่ guaze เพื่อลด emboli  ข) ใส่ 

shunt ลงไปในส่วน internal carotid artery และเริม่ลอก plaque  

(รูปดดัแปลงจำก Greenhalgh และ Becquemin. Vascular and endovascular 

surgical techniques. London : W. B. Saunders, 2001, p37. ) 
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สำมำรถแบ่งกลุ่มของกำรใส่ shunt ตำมควำมนิยมของศลัยแพทยอ์อกเป็น 3 
ประเภทคอื (1) ใส่ shunt ทุกรำย (routine shunter) (2) ใส่ shunt ในบำงกรณ ี
(selective shunter) (3) ไม่นิยมใส่ shunt (rare shunter) ในกลุ่มแรกทีน่ิยมใส่ shunt 
เนื่องจำกขอ้ดขีอง shunt มมีำกมำยในขณะทีบ่ำงคนนิยมใส่ shunt ในบำงกรณีเท่ำนัน้
เนื่องจำกผู้ป่วยบำงคนมอีำกำรสมองขำดเลอืดขณะหนีบหลอดเลอืด carotid artery 
เนื่องจำกมหีลอดเลอืดส ำรองจำกด้ำนตรงขำ้มมำเลี้ยงไม่เพยีงพอ จำกงำนวจิยั meta-
analysis (ตำรำงที่ 4) พบว่ำผู้ป่วยเพยีงประมำณ 25-30% เท่ำนัน้ที่ต้องกำรกำรใส่ 
shunt11   

ส่วนศัลยแพทย์ที่ไม่นิยมใส่ shunt ในทุกกรณีเนื่องจำกสำมำรถผ่ำตัด 
endarterectomy ได้เสร็จในระยะเวลำอันสัน้และมีควำมเสี่ยงน้อยต่อกำรเกิด 
hemodynamic stroke ในขณะที ่shunt กส็ำมำรถท ำใหเ้กดิอนัตรำยต่อผนังหลอดเลอืด
ชัน้ tunica intima และเกดิ embolism ตำมมำได ้0.002 % - 5 %12 อกีทัง้กำรใส่ shunt 
กอ็ำจไปกดีขวำงกำรผ่ำตดัท ำใหข้ ัน้ตอนกำรลอก plaque และกำรเยบ็ผนังหลอดเลอืด
ท ำไดล้ ำบำก  

จำกขอ้มลูดงักล่ำวจะเหน็ว่ำประเดน็กำรจะใส่ shunt หรอืไม่ ระหว่ำงกำรผ่ำตดั 
CEA ยงัเป็นทีถ่กเถยีง ผูว้จิยัจงึสนใจเพื่อแกปั้ญหำดงักล่ำว 

  
2. วตัถปุระสงค ์

เป็นกำรศกึษำเปรยีบเทยีบว่ำเทคนิคใดต่อไปนี้ใหผ้ลกำรรกัษำดทีีสุ่ด (ภำวะแทรกซอ้น

จำกกำรผ่ำตดัต ่ำสุด) ในกำรผ่ำตดั CEA 

-  Local versus general anesthesia 

- Shunting versus non-shunting  

 

3. วิธีกำรทดลอง 

3.1 ระเบียบวิธีวิจยั 

Systematic review and meta-analysis of randomized controlled trial ซึง่กำรศกึษำนี้

เป็นส่วนหนึ่งของ update Cochrane Systematic Review 

3.2 วิธีกำรค้นหำและคดัเลือกกำรศึกษำ 

3.2.1 เกณฑใ์นกำรคดัเลือกกำรศึกษำมีดงัต่อไปน้ี 

Type of studies 

All RCTs that compared LA with GA for CEA and that measured 

clinically relevant outcome  
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Types of participants 

Any trials that included any type of patients undergoing unilateral or 

bilateral CEA to be eligible 

Types of interventions 

We sought to identify all trials comparing CEA under GA of any type with 

CEA under LA of any type, including epidural and cervical nerve block   

3.2.2 เกณฑใ์นกำรคดัเลือกกำรศึกษำมีดงัต่อไปน้ี   

โดยกำรศกึษำเหล่ำนัน้ตอ้งม ีoutcome ดงันี้ 

Type of outcome measure 

Outcome 30 days  

Primary outcome: อตัรำจ ำนวนผูป่้วยทีม่ ีstroke/ death 

Secondary outcome รวมสิง่ต่อไปนี้   

• Ipsilateral strokes, death, stroke/death 

• Other complications เช่น  Myocardial infarction 

– ภำวะแทรกซอ้นอื่นๆ เช่น 

• rupture or haemorrhage,  

• infection,  

• occlusion of the artery operated on  

3.2.3 วิธีกำร Searching มีในฐำนข้อมลูดงัน้ี 

-     the Cochrane Central Register of Controlled Trials (CENTRAL) (The 

Cochrane Library Issue 3, 2013)  

-    MEDLINE (1966 to  2013) 

-    EMBASE (1980 to 2013) 

-    Index to Scientific and Technical Proceedings (1980 to 2013) 

-  Hand searched ใน 6 วำรสำรที่มกัมงีำนวิจยันี้อยู่ รวมถึง conference 

supplements 

-    ทบทวน the reference lists ในงำนวจิยัทีเ่ขำ้เกณฑ ์รnclusion criteria 

-    ตดิต่อผูช้ ำนำญกำรในดำ้นน้ี 
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- นอกจำกนี้ Managing Editor (Mrs Hazel), Cochrane Stroke Group ได้

หำขอ้มลูจำก Cochrane registry 

3.3 Data collection 

- นักวจิยัทัง้ 3 คน (ศ.ดร.นพ.กติตพินัธุ์, อ.นพ. ธนัฐ วำนิยะพงศ์, ดร.วไิล
วรรณ จงรกัษ์สตัย)์ ไดท้ ำกำรอ่ำน title, abstract และคดังำนวจิยัทีเ่ขำ้ไดก้บั
เรื่องที่จะท ำวจิยั โดยในกำรท ำงำนวจิยัทัง้หมดไดส้ ำเนำเอกสำรเป็นอย่ำงน้อย 
3 ชุด เพื่อใหก้ำรอ่ำน โดยหลกักำรเลอืกกำรศกึษำตอ้งมลีกัษณะดงัต่อไปนี้ 

โดยกำรท ำกำรวิจ ัยระหว่ ำง  3 นักวิจ ัยในขัน้ตอนนี้  เ ป็นแบบ 
independent ซึง่นักวจิยัแต่ละคนจะเลอืกงำนวจิยัตำมล ำพงั แลว้เมื่อเลอืกเสรจ็
กน็ ำมำเปรยีบเทยีบกนั ในกรณีทีไ่ม่ตรงกนัไดว้เิครำะห ์วจิำรณ์กนัในกรณีทีไ่ม่
สำมำรถสรุปไม่ได้ให้ใชก้ำร vote เสยีงส่วนมำกเป็นตวัตดัสนิ Extract data/ 
analysis 

นกัวจิยัได ้extract data ทัง้ผลกำรเปรยีบเทยีบ ทัง้ในแง่ภำวะแทรซอ้น
จำกกำรผ่ำตดัและ คุณภำพของงำนวจิยั  

3.4 Risk of bias assessment 

Random sequence generation (selection bias) 

Allocation concealment (selection bias) 

Blinding of participants/personel (performance bias) 

Blinding outcome assessor (detection bias) 

Incomplete outcome data (attribution bias) 

Selective reporting (reporting bias)  

Other bias  

3.5 Analysiss  

3.5.1 กำรวิเครำะห์เปรียบเทียบประสิทธิภำพแต่ละวิธี (Measures of 

treatment effect) 

       ไดใ้ชว้ธิ ีPeto odds ratio and 95% confidence interval (95% CI) ใน

กำรค ำนวน 

3.5.2. กำรวิเครำะห ์ heterogeneity between study 

ไดใ้ชว้ธิ ี I2 statistic เพื่อประเมนิ heterogeneity ในแต่ละกำรศกึษำ ถ้ำ  

I2  > 75% ถอืว่ำม ีsignificant heterogeneity. 
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4 ผลกำรศึกษำ  

4.1 ด้ำนข้อถกเถียงทำงเทคนิคทำงวิสญัญี  

4.1.1 ผลกำรค้นหำงำนวิจยัท่ีเข้ำเกณฑใ์นกำรวิเครำะห ์

สุดท้ำยได้งำนวจิยัที่คำดว่ำจะเข้ำเกณฑ์ 14 กำรศกึษำ มกีำรผ่ำตดั

ทัง้หมด 4596 กำรผ่ำตดั  โดยกำรศกึษำหนึ่งชื่อ GALA trial13 มผีูร้่วมวจิยัมำก

สุดคอื 3526กำรผ่ำตดั  ซึง่กำรศกึษำนี้ม ี95 ศูนยก์ำรแพทยร์่วมในกำรศกึษำนี้ 

ใน 24 ประเทศทุกงำนวจิยัตพีมิพใ์นภำษำองักฤษ  ยกเวน้ 4 งำนวจิยัทีม่ำจำก

ภำษำ French, Sebian, German และ Czech 

4.1.2  คณุภำพงำนวิจยัท่ีเข้ำร่วมกำรวิเครำะห์ 

คุณภำพกำรวจิยัโดยรวมยงัไมด่ ีดงัตำรำงที ่1 ยกเวน้กำรศกึษำ GALA  

ซึง่ดหีมดยกเวน้ในแง่ blinding ทัง้ participant และ personnel ซึง่ท ำไม่ได ้ ซึง่

เป็นธรรมชำตกิำรศึกษำ RCT ทำงศลัยศำสตร ์ซึ่งในด้ำนผู้ป่วยระหว่ำงกำร

ผ่ำตดัที่หลบั (GA) กบัอกีกลุ่มซึ่งผ่ำตดัโดยผูป่้วยตื่นอยู่ย่อมรูว้่ำตนเองอยู่ใน

กลุ่ม LA  (personnel bias) และเช่นเดยีวกนัศลัยแพทยท์ีท่ ำ blind กไ็ม่ได้

ระหว่ำงกลุ่มหนึ่งศลัยแพทยส์ำมำรถพูดคุยกบัผู้ป่วยเพื่อประเมนิว่ำม ีcerebral 

ischemia หรอืไม่ระหว่ำงกำรท ำ carotid artery clamping ในกลุ่ม LA กบัอกี

กลุ่มทีเ่ป็น GA ทีผู่ป่้วยหลบัและใส่ endotracheal tube และ on respirator 
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ตำรำงท่ี 1 แสดงคุณภำพของงำนแต่ละงำน โดยแต่ละกำรศกึษำระบุตำมชื่อนักวจิยัชื่อแรกและ

ปีในกำรตพีมิพ ์(แกน y)  Risk of bias assessment (แกน x) สใีนตำรำงแสดงสเีขยีวบ่งว่ำ 

good สเีหลอืง ยงัไมช่ดัเจน ยงัเกดิค ำถำม  สแีดง ไมด่ ี
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4.1.3 ผลของ intervention 

จำกกำรศกึษำไมพ่บว่ำไม่มคีวำมแตกต่ำงผลใน 30 วนั ในดำ้น stroke, 

death, stroke/death, myocardial infarction, local hemorrhage, cranial 

nerve injuries ระหว่ำง LA กบั GA แต่ทีต่่ำงกนัชดัเจนคอือตัรำกำรใส่ shunt 

ใน LA พบน้อยกว่ำ GA อยำ่งชดัเจน (ตำรำงที ่2, รปูที ่3-9) 

 

ตำรำงท่ี 2 แสดงสรปุผลเปรยีบเทยีบระหว่ำง LA และ GA ในกำรผ่ำตดั CEA 

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate 

1.1 Any stroke within 30 

days of operation 
12 4453 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.92 [0.67, 1.28] 

1.2 Death within 30 days 

of operation 
10 4181 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.61 [0.35, 1.06] 

1.3 Stroke or death within 

30 days of operation 
10 4181 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.85 [0.62, 1.16] 

1.4 Myocardial infraction 

within 30 days of 

operation 

11 4357 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 1.53 [0.67, 3.47] 

1.5 Local haemorrhage 5 3976 
Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.95 [0.75, 1.19] 

1.6 Cranial nerve injuries 4 3865 
Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
1.17 [0.95, 1.44] 

1.7 Arteries shunted 8 4133 
Odds Ratio (M-H, 

Random, 95% CI) 
0.24 [0.08, 0.73] 
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รปูท่ี 3 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ Stroke 

 
 

 

รปูท่ี 4 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ Death 
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รปูท่ี 5 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ stroke/death 

 
 

 

            รปูท่ี 6 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ  Myocardial infarction 
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รปูท่ี 7 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ  Cranial nerve injury 

 
 

 

           รปูท่ี 8 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรเกดิ Local hemorrhage 
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รปูท่ี 9 แสดง forest plot ระหว่ำงกำรรกัษำโดย LA และ GA ในดำ้นกำรใช ้Shunting 

 
  

4.2 Shunting 

4.2.1 ผลกำรค้นหำงำนวิจยัท่ีเข้ำเกณฑใ์นกำรวิเครำะห ์
กำรศกึษำนี้พบ 3 RCT มจี ำนวนผูเ้ขำ้ร่วมกำรศกึษำทัง้หมด 686 คน 

ซึง่เป็นกำรเปรยีบเทยีบระหว่ำง routine shunting กบักำรไม่ใส่ shunt เลย with 
no shunting (Gumerlock 1988; Palombo 2007; Sandmann 1993). โดย
กำรศกึษำของ  Sandmann ในกลุ่มที่ไม่ใส่ shunt ท ำโดยกำร monitor โดย 
EEG and SEP14 ในขณะกำรศกึษำของ Palombo ใช ้stump pressure เป็น
กำร monitor15  ส่วนกำรศกึษำของ  Gumerlock ไม่ม ีmontoring ระหว่ำง
กำรศกึษำ16 

 
4.2.2 คณุภำพงำนวิจยัท่ีเข้ำร่วมกำรวิเครำะห ์ 

คุณภำพโดยรวมของทัง้กำรศึกษำค่อนข้ำงต ่ำ (ตำรำงที่ 3) โดย
งำนวจิยัของ Sandmann เป็นกำรตพีมิพใ์นลกัษณะ  'Letter to the editor14 
ดงันัน้กำรศกึษำนี้มขีอ้จ ำกดัมำกในกำรไดข้อ้มลูมำวเิครำะห ์  
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ตำรำงท่ี 3 แสดงคุณภำพของงำนแต่ละงำน โดยแต่ละกำรศกึษำระบุตำมชื่อนักวจิยัชื่อแรกและ

ปีในกำรตพีมิพ ์(แกน y)  Risk of bias assessment (แกน x) สใีนตำรำงแสดงสเีขยีวบ่งว่ำ 

good สเีหลอืง ยงัไมช่ดัเจน ยงัเกดิค ำถำม  สแีดง ไมด่ ี
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4.2.3 ผลของ intervention 

จำกกำรศึกษำพบว่ำไม่มคีวำมแตกต่ำงผลใน 30 วนั ในด้ำน stroke, 

death, stroke/death, myocardial infarction, local hemorrhage, cranial 

nerve injuries ระหว่ำง shunting กบั Non shunting แต่สงัเกตว่ำจ ำนวน

กำรศกึษำมน้ีอยมำก สงัเกตจำกกำรที่ม ีconfidence interval ทีก่ว้ำงมำก ที่

ต่ำงกนัชดัเจนคอือตัรำกำรใส่ shunt ใน LA พบน้อยกว่ำ GA อย่ำงชดัเจน 

(ตำรำงที ่4, รปู 10-16) 

 

ตำรำงท่ี 4 แสดงสรปุผลเปรยีบเทยีบระหว่ำง Shunt และ non shunting ในกำรผ่ำตดั CEA 

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate 

1.1 Death from all causes 

within 30 days of surgery 
3 655 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.45 [0.13, 1.59] 

1.2 Any stroke during 

surgery  
3 655 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.42 [0.16, 1.07] 

1.3 Ipsilateral stroke during 

surgery  
3 737 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.42 [0.17, 1.08] 

1.4 Stroke or death within 

30 days of surgery  
3 655 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.62 [0.31, 1.27] 

1.5 Haemorrhage from 

operation site 
2 641 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
1.19 [0.07, 19.47] 

1.6 Infection of operation 

site 
2 641 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
0.16 [0.00, 8.12] 

1.7 Nerve palsy  

post-operatively 
1 138 

Peto Odds Ratio (Peto, 

Fixed, 95% CI) 
1.81 [0.30, 10.82] 
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          รปูท่ี 10 แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ Death 

 
 

 

 

          รปูท่ี 11  แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ Any Stroke 
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รปูท่ี 12  แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ 

Ipsilataral stroke 

 
 

 

รปูท่ี 13 แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ 

Stroke or death 
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รปูท่ี 14 แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ 

Haemorrhage 

 
 

 

รปูท่ี 15  แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ  

Infection 

 
 

 

รปูท่ี 16 แสดง forest plot ระหว่ำงกำรรกัษำโดย  shunting และ non shuntingในดำ้นกำรเกดิ 

Cranial nerve injury 
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5. สรปุและบทวิจำรน์ 

  5.1  ในด้ำนเทคนิควิสญัญี   

 จำกขอ้มลูของ systematic review ทีไ่ดศ้กึษำงำนวจิยัแบบ non-RCT ทัง้หมด 

45 รำยงำนซึง่เป็นกำรเปรยีบเทยีบกนัระหว่ำงกำรผ่ำตดั CEA โดยใช ้LA กบั GA17  

พบว่ำกำรใช ้LA มโีอกำสลดกำรเกดิ stroke , MI , pulmonary complication กำรใส่ 

shunt และกำรเสยีชวีติไดอ้ย่ำงมใีนส ำคญัทำงสถติ ินอกจำกนัน้ยงัมกีำรศกึษำดูระดบั 

inflammatory mediator interleukin-6 (IL- 6) ในกระแสเลอืดของผู้ป่วยที่ได้รบักำร

ผ่ำตดั CEA พบว่ำระดบั IL – 6 หลงัผ่ำตดัโดยใช ้LA มคี่ำที่ต ่ำกว่ำ GA อย่ำงมี

นัยส ำคญั18 ซึง่ว่ำนับเป็นผลดเีนื่องจำกกำรที ่IL – 6 มคี่ำสูงมกัจะสมัพนัธก์บักำรเกดิ 

systemic inflammatory response syndromes ซึง่ท ำใหเ้กดิภำวะแทรกซอ้นต่ำงๆ ที่

รนุแรงมำกมำย เช่น sepsis และ shock เป็นต้น และยงัมรีำยงำนถงึ LA อกีว่ำผูป่้วยให้

ควำมร่วมมอือย่ำงดแีละอตัรำกำรเปลีย่นจำก LA เป็น GA ในระหว่ำงผ่ำตดัค่อนขำ้งต ่ำ
17 ส่วนเรื่องค่ำรกัษำพยำบำลและวนัทีต่้องอยู่โรงพยำบำลแสดงเหน็ว่ำ LA มคี่ำรกัษำที่

ต ่ำกว่ำและนอนโรงพยำบำลสัน้กว่ำ19 แต่กำรน ำผลวจิยัของ non– RCT มำวเิครำะห์

ต้องระมดัระวงัเรื่องอคตใินกำรเลอืกกลุ่ม เช่น ผู้ป่วยที่มคีวำมเสี่ยงสูงอำจอยู่ในกลุ่มที่

ผ่ำตดัโดยกำรใช ้GA มำกกว่ำเป็นตน้17   
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ตำรำงท่ี 5 แสดงผลของควำมเสี่ยงต่อภำวะแทรกซ้อนต่ำงๆ ของ CEA ภำยใน 30 วนัหลงั

ผ่ำตดั ในกำรศึกษำ Systematic Review ใน nonRCT ระหว่ำงเทคนิค Locoregional 

Anesthesia (LA) กบั General Anesthetic (GA)17 *  

 LA GA P-value 

กำรเสยีชวีติ 

Stroke  

Stroke และกำรเสยีชวีติ 

Myocardial infarction 

Neck hematoma  

ภำวะแทรกซอ้นในทำงเดนิหำยใจ 

กำรบำดเจบ็ต่อ Cranial nerve  

กำรใส่ shunt 

84/8945 (0.9%) 

173/9480 (1.8%) 

114/4611 (2.5%) 

84/8061 (1.0%) 

54/3002 (1.8%) 

6/1635 (0.4%) 

58/2461 (2.4%) 

1056/8011 

(13.2%) 

119/9939 (1.2%) 

426/9081 (4.7%) 

522/10034 (5.2%) 

240/7810 (3.1%) 

156/5344 (2.9%) 

27/1292 (2.1%) 

234/4960 (4.7%) 

4057/8211 

(49.4%) 

0.04 

<0.001 

<0.001 

<0.001 

0.11 

<0.05 

0.78 

<0.001 

*ดดัแปลงจำก Rerkasem K, Rothwell PM. Local versus general anaesthesia for carotid 

endarterectomy. Cochrane Database Syst Rev  2008;CD000126. 

 

ส่วนงำนวจิยัทีเ่ป็นแบบ RCT ในกำรศกึษำนี้  (ตำรำงที ่2) พบว่ำ LA มอีตัรำ

กำรเกดิภำวะแทรกซ้อนไม่แตกต่ำงจำก GA ซึ่งผลกำรศกึษำนี้ตรงขำ้มกบั non RCT 

โดยเป็นทีย่อมรบักนัทัว่ไปว่ำผลกำรศกึษำ RCT ซึง่น่ำเชื่อถอืกว่ำและกำรศกึษำนี้นับว่ำ

มขีนำดตวัอยำ่งทีใ่หญ่สำมำรถสรปุไดอ้ยำ่งมัน่ใจว่ำเทคนิคกำรใหย้ำระงบัควำมรูส้กึไม่มี

วธิใีดดกีว่ำกนั ศลัยแพทย์และผู้ป่วยสำมำรถเลอืกใช้เทคนิคใดก็ได้ในกำรผ่ำตดั CEA  

จำกกำรศกึษำนี้ท ำให้เหน็ควำมจรงิอกีประกำรว่ำกำรจะสรุปว่ำกำรรกัษำใด ดกีว่ำอะไร

ต้องมำจำก RCT เพรำะจะเหน็ว่ำ non RCT ออกผลมำตรงขำ้มซึง่ท ำให่ศลัยแพทยค์ดิ

ว่ำกำรรกัษำแบบ LA ดกีว่ำ   ดงันัน้ประเดน็นี้สรุปไดว้่ำศลัยแพทยส์ำมำรถใชเ้ทคนิคใด

กไ็ดอ้ยำ่งมัน่ใจในกำรผ่ำตดั CEA12         
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5.2  Shunt 

มงีำนวจิยัที่เป็น RCT  เกี่ยวกบักำรใส่  shunt อยู่ 3 รำยงำน ซึ่งไม่พบว่ำมี
ควำมแตกต่ำงอย่ำงมนีัยส ำคญัจำกกำรศกึษำเปรยีบเทยีบกนัระหว่ำงผูป่้วยที่ใส่ shunt 
ทุกรำยกบัไม่ใส่ shunt ถงึแมพ้บว่ำในผูป่้วยทีใ่ส่ shunt จะมอีตัรำกำรเกดิ stroke และ
เสยีชวีติภำยใน 30 วนัหลงัผ่ำตดัลดลง 40 % เทยีบกบัไม่ไดใ้ส่ shunt แต่ไม่พบควำม
แตกต่ำงอย่ำงมนีัยส ำคญัทำงสถติ ิ จำกขอ้มลูดงักล่ำวมผีู้เขำ้ร่วมกำรศกึษำน้อยเกนิไป 
หำกต้องกำรให้ได้ข้อสรุปที่ชดัเจนจะต้องมผีู้ป่วยอย่ำงน้อย 5 ,000 คนขึ้นไปและยงั
พบว่ำผูป่้วยบำงคนในรำยงำนดงักล่ำวม ีcontralateral CAS อย่ำงรุนแรง ท ำใหผ้ลของ
กำรศกึษำอำจโน้มเอยีงไปว่ำกำรใส่ shunt ช่วยลดภำวะแทรกซอ้นไดด้กีว่ำไมใ่ส่ shunt  
 

ส่วนในรำยละเอยีดของเทคนิคกำรผ่ำตดัพบว่ำกลุ่มทีใ่ส่ shunt มกีำรปิดหลอด
เลอืดดว้ยวธิกีำร patch มำกกว่ำกลุ่มทีไ่มใ่ส่ shunt  ซึง่อำจท ำใหก้ลุ่มทีไ่ม่ใส่ shunt เกดิ 
stroke มำกกว่ำเนื่องจำกกำรปิดหลอดเลอืดดว้ยวธิ ีprimary closure อำจท ำใหห้ลอด
เลอืดตบีส่งผลใหเ้ลอืดไปเลีย้งสมองไมเ่พยีงพอมำกกว่ำทีจ่ะเกดิจำกกำรไม่ใส่ shunt ใน
กำรศกึษำของ Sandman14 พบว่ำผูป่้วยทีสุ่่มว่ำไม่ต้องใส่ shunt 10 คนกลบัต้องเปลีย่น
มำใส่ shunt เนื่องจำก neuromonitoring แสดงใหเ้หน็ว่ำสมองเริม่ขำดเลอืดอย่ำงมำก
ขณะหนีบหลอดเลือด   ในปัจจุบันยงัไม่มีกำรศึกษำเปรียบเทียบกำรท ำ selective 
shunting กบักลุ่มอื่น เนื่องจำกกำรที่จะตัดสนิใจว่ำผู้ป่วยจะใส่ shunt หรอืไม่ใน 
selective shunting ต้องตดัสนิใจจำก intraoperative monitoring method ซึง่ปัจจุบนัยงั
ไมม่วีธิใีดทีต่ดัสนิไดแ้มน่ย ำทีสุ่ด12 
 

กำรใส่ shunt นับว่ำเป็นอกีประเดน็หนึ่งที่มกีำรถกเถียงกนัอย่ำงกว้ำงขวำง

ในช่วงหลำยปีทีผ่่ำนมำและยงัไม่มขีอ้มูลทัง้ RCT และ non – RCT ทีเ่ป็นขอ้สรุปที่

ชดัเจน  ควรมกีำรศกึษำเพิม่เตมิดำ้นน้ีจงึจะสรปุได้12   
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6. ข้อเสนอแนะในอนำคต 

ในดำ้นเทคนิควสิญัญจีะพบว่ำม ีnon-significant trend แนวโน้มว่ำจะมกีำรลด

กำรเสยีชวีติในกลุ่ม LA แต่กำรศกึษำของเรำยงัม ีpower ไม่พอทีส่รุปผลทำงดำ้นนี้ได้

อย่ำงมัน่ใจ ดงันัน้กำรม ีRCT ในอนำคตเปรยีบเทยีบ LA กบั GA ทีม่ผีลประโยชน์ต่อ

อตัรำกำรเสยีชวีติยงัควรมเีพื่อใหข้อ้สรปุดำ้นน้ี  

ในดำ้นกำรศกึษำ RCT ว่ำ shunting ดกีว่ำ non shunting ยงัต้องกำรกำรศกึษำ 

RCT ขนำดใหญเพิม่เติม  ที่น่ำสนใจคอืแม้ว่ำกำรใส่ shunt จะสำมำรถลดกำรเกิด 

stroke และ death (relative risk) ได ้25%  ส่งผลท ำใหล้ดกำรเกดิ stroke/death 15 คน

ต่อพนัคนทีไ่ด้รบักำรกำรผ่ำตดั CEA  ถงึอย่ำงไรกต็ำมเพื่อใหส้ำมำรถ detect ควำม

แตกต่ำงดงักล่ำวอย่ำงน่ำเชื่อถอื ให้ได้ 80% power และ 5% significance level 

กำรศึกษำนี้ต้องกำรผู้ร่วมในกำรวจิยั 3000-5000 คน โดยกำรศึกษำเหล่ำนี้ต้องเป็น 

RCT ทีม่คีุณภำพทีด่แีละม ี 

• blind assessor โดยเฉพำะจะดทีีสุ่ดโดย blind neurologist  

• กำรศกึษำควรมกีำร stratified โดย age, sex, degree of ipsilateral and 

contralateral internal carotid stenosis, รวมถงึระดบัประสบกำรณ์ของศลัยแพทย ์

อตัรำกำรใช ้patching และวธิ ีmonitoring of cerebral ischaemia. 
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A B S T R A C T

Background

Temporary interruption of cerebral blood flow during carotid endarterectomy can be avoided by using a shunt across the clamped

section of the carotid artery. This may improve outcome. This is an update of a Cochrane review originally published in 1996 and

previously updated in 2009.

Objectives

To assess the effect of routine versus selective or no shunting during carotid endarterectomy, and to assess the best method for selecting

people for shunting.

Search methods

We searched the Cochrane Stroke Group Trials Register (last searched August 2013), the Cochrane Central Register of Controlled

Trials (CENTRAL) (The Cochrane Library, 2013, Issue 8), MEDLINE (1966 to August 2013), EMBASE (1980 to August 2013) and

Index to Scientific and Technical Proceedings (1980 to August 2013). We handsearched journals and conference proceedings, checked

reference lists, and contacted experts in the field.

Selection criteria

Randomised and quasi-randomised trials of routine shunting compared with no shunting or selective shunting, and trials that compared

different shunting policies in people undergoing carotid endarterectomy.

Data collection and analysis

Three review authors independently performed the searches and applied the inclusion criteria. For this update, we identified two new

relevant randomised controlled trials.
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Main results

We included six trials involving 1270 participants in the review: three trials involving 686 participants compared routine shunting with

no shunting, one trial involving 200 participants compared routine shunting with selective shunting, one trial involving 253 participants

compared selective shunting with and without near-infrared refractory spectroscopy monitoring, and the other trial involving 131

participants compared shunting with a combination of electroencephalographic and carotid pressure measurement with shunting by

carotid pressure measurement alone. In general, reporting of methodology in the included studies was poor. For most studies, the

blinding of outcome assessors and the report of prespecified outcomes were unclear. For routine versus no shunting, there was no

significant difference in the rate of all stroke, ipsilateral stroke or death up to 30 days after surgery, although data were limited. No

significant difference was found between the groups in terms of postoperative neurological deficit between selective shunting with and

without near-infrared refractory spectroscopy monitoring, However, this analysis was inadequately powered to reliably detect the effect.

There was no significant difference between the risk of ipsilateral stroke in participants selected for shunting with the combination

of electroencephalographic and carotid pressure assessment compared with pressure assessment alone, although again the data were

limited.

Authors’ conclusions

This review concluded that the data available were too limited to either support or refute the use of routine or selective shunting

in carotid endarterectomy. Large scale randomised trials of routine shunting versus selective shunting are required. No method of

monitoring in selective shunting has been shown to produce better outcomes.

P L A I N L A N G U A G E S U M M A R Y

Routine or selective carotid artery shunting for carotid endarterectomy (and different methods of monitoring in selective

shunting)

Question

We wanted to compare the effect of routine shunting versus selective or no shunting during carotid endarterectomy, and to assess the

effect of different methods for selection of people for shunting.

Background

About 20% of strokes result from narrowing of the carotid artery (the main artery supplying blood to the brain). Carotid endarterectomy

is an operation to remove this narrowing and therefore reduce the risk of stroke. However, there is a 5% to 10% risk of the operation

itself causing a stroke. The use of a silicon tube, or shunt, as a temporary bypass can reduce the length of time that blood flow to the

brain is interrupted during the operation. This may reduce the risk of perioperative stroke but could also result in arterial wall damage

and therefore increase the risk of stroke. Shunt surgery falls into three categories. Firstly, in routine shunting, the surgeon inserts a

shunt in every patient. Secondly, in selective shunting, the surgeon only uses a shunt in patients with an inadequate blood supply to

the brain following clamping; various cerebral monitoring techniques, such as ultrasound for predicting who needs a shunt, have been

used in this policy. Thirdly, in no shunting, surgeons do not employ shunts at all.

Study characteristics

We identified six studies up to August 2013, for inclusion in the review. These studies included a total of 1270 participants. Three of

the trials compared routine shunting with no shunting, one trial compared routine shunting versus selective shunting, and another two

trials compared different methods of monitoring in selective shunting. We have not yet identified any trials that compared selective

shunting with no shunting. All the included trials assessed the use of shunting in people undergoing endarterectomy under general

anaesthetic. The age of the participants ranged from 40 to 89 years, and overall, there were more male than female participants. Where

reported, participants were followed up for no longer than 30 days.

Key results

There is still no evidence for the use of a carotid shunt during carotid endarterectomy. This review suggests a benefit from the use of a

shunt, but the overall results were not statistically significant. More trials are needed.

Quality of the evidence

There were significant problems with the quality of the randomised trials and, overall, the reporting of study methodology was poor.
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B A C K G R O U N D

Description of the condition

Around 20% of people presenting with a transient ischaemic at-

tack (TIA) or non-disabling stroke have significant stenosis with

unstable atheromatous plaque at or around the bifurcation of the

ipsilateral carotid artery. This plaque can lead to the formation of

emboli, which may cause a stroke. Carotid endarterectomy is an

operation to remove this stenosis together with unstable plaque

and, therefore, decrease the risk of stroke.

Description of the intervention

Carotid endarterectomy has been shown in large, well-conducted

randomised controlled trials (RCTs) to substantially reduce the

relative risk of stroke in people with recent TIAs or minor strokes

related to severe symptomatic carotid artery stenosis (ECST 1991;

NASCET 1991; Rerkasem 2011). To a lesser extent, benefit has

also been shown for moderate symptomatic carotid artery stenosis

(Rerkasem 2011). In these trials, the benefits were seen despite a

stroke and death rate, within 30 days of the operation, of between

5% to 10%. Most of these strokes occurred during, or within, a

few days of surgery, and were presumably related to surgery. More

recently, it has been shown that people with asymptomatic carotid

artery stenosis of greater than 60% may also benefit from carotid

endarterectomy, but this relies on an average 30-day stroke and

death rate of 3% or less (ACAS 1995; ACST 2004). Reducing the

risk of perioperative stroke and death should therefore increase the

number of people who can benefit from carotid endarterectomy.

Most of the perioperative strokes are ischaemic and some (espe-

cially those that occur during the operation) may be caused by

the temporary interruption of blood flow during the procedure

whilst the carotid artery is clamped. This reduction in blood flow

should be avoided if an intraluminal shunt is placed across the

clamped section of the artery and this may reduce the perioper-

ative stroke rate. When carotid endarterectomy is performed un-

der local anaesthetic about 10% to 20% of people develop a tran-

sient neurological deficit after the artery is clamped, in which case

the vast majority of surgeons would regard a shunt as mandatory.

However, the routine or selective use of intraluminal shunting in

carotid endarterectomy under general anaesthetic is more contro-

versial. The publication of the results of the GALA trial has shown

that the operative risk of stroke and death due to endarterectomy

under local anaesthetic versus general anaesthetic is similar and so

many operations will continue to be done under general anaes-

thetic (Lewis 2008).

How the intervention might work

Some advocate that routine shunting for all operations be done

under general anaesthetic on the assumption that it reduces the

risk of perioperative ischaemic strokes; it may also reduce the risk

of minor cerebral ischaemic damage, and it also allows the sur-

geon time to perform an unhurried carotid endarterectomy or to

teach a trainee carefully and in an unhurried manner (Javid 1979;

Thompson 1979). Others advocate the selective use of shunting

only in people who are at high risk of developing cerebral ischaemia

during carotid clamping, but there is no consensus on how to

identify which people need a shunt. Methods used to select which

people to shunt include: using preoperative features such as a pre-

vious ipsilateral stroke or a contralateral carotid occlusion (Buche

1988); using indirect assessments of cerebral blood flow during

the operation by monitoring electroencephalographic (EEG) ac-

tivity (Whittemore 1983), somatosensory evoked potentials (SEP)

(Schweiger 1988), carotid stump back pressure (Ricotta 1983), or

combinations of these; using direct assessments of cerebral blood

flow during the operation using intra-arterial radio-labelled xenon

(Sundt 1986), or transcranial Doppler (Steiger 1989); and assess-

ing the development of new neurological signs in awake patients

who have their endarterectomy performed under local anaesthetic

(Benjamin 1993; Connolly 1977; Evans 1985).

None of these monitoring techniques are perfect. Studies in peo-

ple having endarterectomies performed under local anaesthetic

have shown that both EEG monitoring and carotid stump pres-

sure assessment may be normal in 6% to 30% of those who de-

velop neurological signs and that they may be abnormal in 3% to

11% of those who do not develop signs of ischaemia (Benjamin

1993; Connolly 1977; Evans 1985). Many of these techniques

also require additional technology and expert interpretation and

so may not be practical in many situations. In addition, shunt-

ing may be associated with complications such as air embolism,

plaque embolism, dissection of the carotid artery, acute occlusion

of the carotid artery, and it also lengthens the time of the proce-

dure and may make it technically more difficult (Green 1985; Ott

1980). All of these factors may be associated, paradoxically, with

an increased risk of perioperative stroke (Salvian 1997). Several

authors have, therefore, argued that shunting should be avoided

(Ott 1980; Prioleau 1977; Reddy 1987). Shunting could also be

associated with other complications due to increased manipula-

tion of the artery such as an increased risk of cranial nerve palsy

(Forssell 1995), arterial haemorrhage or infection, or long-term

restenosis, perhaps because of intimal damage leading to intimal

hyperplasia (Ouriel 1987), but accurate data on these risks are

limited at present.

Why it is important to do this review

The lack of good evidence to support the use of shunts is reflected

by a considerable variation in surgical practice. For UK surgeons

(N = 76) performing carotid endarterectomy under general anaes-

thesia, a shunt was always, never, or selectively used by 73.6%,
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4.2% and 22.2% respectively (Girn 2008). An earlier survey from

North America showed that about one-third of carotid endarterec-

tomies were performed with routine shunting, one-third with se-

lective shunting and one-third without shunting (Fode 1986).

Data from the European Carotid Surgery Trialists (ECST) showed

highly significant variation in shunting practices for endarterec-

tomy done under general anaesthetic both between individual sur-

geons and between countries (both P < 0.001) (Bond 2002). For

example, shunts were used in 89% of operations performed in

Germany versus 41% performed in Finland and 1% of those per-

formed in France.

The best way to determine the perioperative (and long-term) risks

and benefits of shunting during carotid endarterectomy is to com-

pare shunting with no shunting in RCTs. We, therefore, reviewed

all such trials, and the trials comparing different methods of se-

lecting which people under general anaesthetic require selective

shunting. A comparison of local versus general anaesthetic is dealt

with in a separate review (Vaniyapong 2013).

This is an update of a Cochrane Review originally published in

1996 and previously updated in 2009.

O B J E C T I V E S

To assess the effect of routine versus selective or no shunting during

carotid endarterectomy, and to assess the best method for selecting

people for shunting. Specifically, to:

1. determine whether a policy of routine or selective shunting

reduces the risk of perioperative stroke or death following carotid

endarterectomy;

2. determine whether a policy of routine or selective shunting

increases the complication rate (other than stroke or death)

following carotid endarterectomy;

3. determine whether a policy of routine or selective shunting

is associated with an increased risk of restenosis and, therefore,

perhaps of stroke during long-term follow-up;

4. to assess the effect of different methods for selection of

people for shunting.

Our primary hypothesis was that shunting reduced the risk of

perioperative stroke but may be associated with an increased risk

of other complications.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all unconfounded RCTs and quasi-RCTs that com-

pared shunting with no shunting, or one method of monitoring

with another in selective shunting. Since foreknowledge of treat-

ment allocation can bias the results of randomised trials (Schulz

1995), where there were sufficient data, we planned to perform

sensitivity analyses including only trials where treatment alloca-

tion was securely concealed.

Types of participants

Trials that included any person undergoing unilateral or bilateral

carotid endarterectomy (whether it was for symptomatic or asymp-

tomatic carotid disease) were eligible.

Types of interventions

The following types of trials were eligible.

1. Trials comparing a policy of routine shunting in all

participants using any type of carotid shunt with a policy of

avoiding a shunt (never shunting).

2. Trials comparing a policy of selective shunting in only those

participants identified as being at risk of cerebral ischaemia with

a policy of avoiding a shunt. People could be identified as being

at risk of ischaemia either on the basis of preoperative assessment

(e.g. recent stroke), or assessment during the operation (e.g.

assessment of stump pressure or EEG monitoring or near-

infrared spectroscopy (NIRS) during a period of arterial

occlusion).

3. Trials comparing a policy of selective shunting with routine

shunting.

4. Trials in which participants were shunted selectively under

general anaesthetic and that compared one method of assessment

versus another to identify which people required a shunt.

Types of outcome measures

The intended measures of outcome were:

1. all strokes (ischaemic and haemorrhagic) that occurred

during the operation (i.e. stroke apparent on recovery from

anaesthetic), within 24 hours of surgery, within 30 days of

surgery, and during the whole of follow-up. We did not include

TIAs because these are less important to patients since they do

not result in chronically impaired function. They are also more

difficult to diagnose reliably, and so there is more potential for

bias in their assessment (particularly if this is unblinded);

2. all ipsilateral strokes (ischaemic and haemorrhagic) that

occurred within 24 hours and 30 days of surgery and during the

whole of follow-up;

3. death from any cause within 30 days of surgery and during

follow-up;

4. other complications within 30 days of surgery, such as

rupture or haemorrhage from the endarterectomy site, infection
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of the wound or artery, occlusion of the artery operated on, or

ipsilateral nerve palsies;

5. long-term arterial complications, such as restenosis of the

operated artery;

6. cognitive function at the end of follow-up.

Search methods for identification of studies

See the ’Specialized register’ section in the Cochrane Stroke Group

module. We searched for trials published in all languages and ar-

ranged translation of all possibly relevant non-English language

publications.

Electronic searches

We searched the Cochrane Stroke Group Trials Register (last

searched in August 2013), the Cochrane Central Register of Con-

trolled Trials (CENTRAL) (The Cochrane Library 2013, Issue 8)

(Appendix 1), MEDLINE (Ovid) (1966 to August 2013) (Ap-

pendix 1) and EMBASE (Ovid) (1980 to August 2013) (Ap-

pendix 2). We developed the search strategies with the help of the

Cochrane Stroke Group Trials Search Co-ordinator.

We also systematically searched the conference proceedings

database Index to Scientific and Technical Proceedings (ISTP)

(BIDS) (1980 to August 2013) using the terms ’carotid’ and ’trial

or random*’.

Searching other resources

1. We handsearched the following journals:

i) Annals of Surgery (1981 to 30 August 2013);

ii) Annals of Vascular Surgery (1994 to 30 August 2013);

iii) Vascular (previously Cardiovascular Surgery) (1994 to

30 August 2013);

iv) European Journal of Vascular and Endovascular Surgery

(previously European Journal of Vascular Surgery) (1987 to 30

August 2013);

v) Journal of Vascular Surgery (1994 to 30 August 2013);

vi) Stroke (1994 to 30 August 2013).

2. We reviewed the reference lists of all relevant studies.

3. We contacted experts in the field to identify further

published and unpublished studies.

4. For a previous version of the review we handsearched the

following journals and conference proceedings:

i) American Journal of Surgery (1994 to 2001);

ii) British Journal of Surgery (1985 to 2001);

iii) World Journal of Surgery (1978 to 2001).

iv) AGM of the Vascular Surgical Society (UK) (1995 to

2001);

v) AGM of the Association of Surgeons of Great Britain

and Ireland (1995 to 2001);

vi) AHA Stroke Conference (1995 to 2001);

vii) Annual Meeting of the Society for Vascular Surgery

(USA) (1995 to 2001);

viii) European Stroke Conference (1995 to 2001).

Data collection and analysis

All three review authors (WC, TV, KR) independently collected

data. We collected the details of methods, participants, setting,

context, interventions, outcomes, results, publications and inves-

tigators. We performed meta-analysis using RevMan 5.2 (RevMan

2012)

Selection of studies

All three review authors (WC, TV, KR) independently read the

titles and abstracts of the records obtained from the electronic

searches and excluded obviously irrelevant studies. We obtained

the full texts of the remaining papers and the same authors inde-

pendently selected studies for inclusion based on the predefined

criteria. We resolved any disagreements through discussion.

Data extraction and management

We extracted details of the method of randomisation, the blinding

of outcome assessments, losses to follow-up, cross-overs and ex-

clusions after randomisation from the publications. We also com-

pared participant characteristics (age, sex, vascular risk factors, in-

dication for surgery) and details of the operation (type of cerebral

monitoring, use of carotid patching, anaesthetic technique, use of

perioperative antiplatelet therapy) between the treatment groups

in each trial. Also, although people who were asymptomatic were

included in some studies, the data were not available in sufficient

detail to allow separate analysis of the outcomes of carotid en-

darterectomy in people with symptoms and those without symp-

toms. However, it is unlikely that the relative effect of shunting

versus no shunting varied qualitatively with symptom status.

Assessment of risk of bias in included studies

We assessed risk of bias into three categories: low risk, high risk,

and unclear risk in the ’Risk of bias’ tables, as described in the

Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2011). These risks of bias included random sequence generation

(selection bias), allocation concealment (selection bias), blinding

(performance bias and detection bias), blinding of participants

and personnel (performance bias), blinding outcome assessment

(detection bias), and incomplete outcome data (attrition bias).

Measures of treatment effect

We measured the treatment effect in the following outcomes

within 30 days of surgery: stroke, death, myocardial infarction,

local haemorrhage, cranial nerve injuries, and shunted arteries.
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Unit of analysis issues

The unit of analysis is the onset of the adverse outcome. We ex-

tracted details of all the outcome events. Some studies included

participants who had bilateral operations, but only reported the

number of participants, and not the number of arteries, in each

group. However, since bilateral carotid endarterectomy was un-

usual, we used the number of participants as the number of op-

erations in such studies. Where possible we used the number of

participants, not the number of arteries in the analysis. The unit

of analysis was presented as odds ratios (OR).

Dealing with missing data

When data were missing, we contacted the corresponding author

or co-author through the address given in the publication. If this

information was not available, we searched for the study group via

the Internet and contacted them for the missing data.

Assessment of heterogeneity

We assessed heterogeneity between study results using the I2 statis-

tic (Higgins 2003). We examined the percentage of total varia-

tions across the studies due to heterogeneity rather than to chance.

Values of I2 over 75% indicated a high level of heterogeneity.

We used I2 methods for quantifying inconsistency across studies.

A rough index to interpretation is as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

We identified all relevant trials, including unpublished trials,

by searching not only MEDLINE and EMBASE, but also the

Cochrane Stroke Group Trials Register. In addition, we hand-

searched relevant journals and reviewed the reference lists of all rel-

evant studies. We also contacted experts in this field. We searched

for trials published in all languages and arranged translation of all

possibly relevant non-English language publications.

Data synthesis

We calculated proportional risk reductions based on a weighted

estimate of the OR using the Peto method (APT 1994).

Subgroup analysis and investigation of heterogeneity

If there was considerable heterogeneity, we investigated the cause

for such interactions.

Sensitivity analysis

When the decisions for the process undertaken in this systematic

review were somewhat arbitrary or unclear, we undertook sensi-

tivity analyses. For example, we performed both fixed-effect and

random-effects meta-analyses to evaluate the consistency of the

results, or we compared pooled estimates of all studies’ results with

the results of the excluded lower quality studies.

R E S U L T S

Description of studies

Results of the search

For this review we updated our previous searches of the Cochrane

Stroke Group Trials Register, MEDLINE, EMBASE and ISTP.

We also searched CENTRAL. We reviewed a total of 2853 ref-

erences from the searches and obtained the full paper copy of

33 trial reports. We identified two new RCTs (AbuRahma 2010;

Zogogiannis 2011). We identified a third RCT that compared the

outcome of endarterectomy using one of two different types of

shunt, the Pruitt-Inahara and Javid shunts (Wilkinson 1997), but

this did not meet the inclusion criteria and so we disregarded it.

This will be a topic of another review.

Included studies

In the included six trials, we identified three trials (including 686

participants) that compared routine shunting with no shunting

(Gumerlock 1988; Palombo 2007; Sandmann 1993). One RCT

compared the results of routine shunting versus selective shunt-

ing based on stump pressure. Two hundred participants were ran-

domised into routine shunting (98 participants) or selective shunt-

ing (102 participants). In the selective shunting group, shunting

was used only if systolic stump pressure was less than 40 mmHg.

Clinical and demographic characteristics were comparable in both

groups. In the selective shunting group, shunting was used in 29

participants (28%) (AbuRahma 2010). The other two trials com-

pared monitoring methods in selective shunting: Fletcher 1988

(131 participants) compared the use of EEG monitoring com-

bined with an assessment of the carotid stump back pressure with

carotid back pressure assessment alone. In the former group, a

shunt was only inserted if both the EEG showed significant ipsi-

lateral change within three minutes of clamping and the carotid

pressure was less than 50 mmHg, whilst in the latter group a shunt

was inserted if the pressure was less than 50 mmHg; Zogogiannis

2011 (253 participants) evaluated whether the use of an intraop-

erative algorithm based on cerebral oximetry with NIRS moni-

toring, could help in the intraoperative decision for shunt place-

ment, in people undergoing carotid endarterectomy. We have not
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yet identified any trials that compared selective shunting with no

shunting. All trials looked at the use of shunting in people having

carotid endarterectomy under general anaesthetic.

Excluded studies

We did not exclude any trials.

Risk of bias in included studies

One of the six RCTs was published in a journal as a ’Letter to the

editor’ (Sandmann 1993). For this study, only limited data from

the short letter were available. In general, reporting of methodol-

ogy was poor. The overall results of the ’Risk of bias’ analysis are

summarised in Figure 1.
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Figure 1. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Allocation by randomisation was reported in all studies; however,

only three studies reported the method of randomisation. This

included odd/even hospital number (Gumerlock 1988), com-

puter randomisation (Palombo 2007), and sequentially-numbered

sealed envelopes (Sandmann 1993). The methods used for ran-

domisation in the remaining trials were unclear. Gumerlock 1988

was not truly randomised as it used the patient hospital record

number to allocate participants. There was an imbalance in the

numbers of participants in each group in this trial (53 shunt ver-

sus 65 no shunt), which may have been due to selective inclusion

of participants, although it was reported that consecutive patients

were entered.

Blinding

Most studies did not report on blinding of participants, surgical

teams and assessors to the randomised treatment allocation. In

two trials, outcomes were assessed by independent neurologists (

Sandmann 1993) and psychologists (Palombo 2007), but Palombo

2007 did not report whether these independent assessors knew the

randomisation code.

Incomplete outcome data

Most studies did not report loss-to-follow-up or missing data ex-

cept Sandmann 1993. There was no available information in this

trial to indicate the loss to follow-up. Potentially important out-

comes were not measured, such as stroke severity in terms of func-

tional outcome, and long-term restenosis rate. One trial mea-

sured post-operative cognitive function (Palombo 2007). In addi-

tion, one trial randomised arteries rather than patients (Sandmann

1993), and the number of participants who had only unilateral

procedures was not available by treatment group despite contact

with the principal trialist. Overall, 441 participants had unilateral

procedures and so we had to assume that these participants were

roughly equally divided between the two treatment groups (the

number of arteries randomised in each group was similar). In this

trial the numbers of stroke-related deaths, strokes during surgery,

and ipsilateral strokes were not reported by treatment group (and

these data were not available from the authors). Therefore, we

performed best- and worst-case analyses for these outcomes. This

was possible because the total number of each of these events was

known, as was the total number of deaths and strokes by treatment

group. The best-case analysis assumed that the smallest possible

number of events occurred in the shunted group, whilst the worst-

case analysis assumed that the smallest number of events occurred

in the unshunted group.

Selective reporting

Most studies did not indicate prespecified outcomes or report all

prespecified outcomes. Only two studies reported all expected out-

comes that were prespecified (Palombo 2007; Zogogiannis 2011).

Other potential sources of bias

Regarding allocation concealment, two trials used sealed envelopes

that were opened just before surgery (AbuRahma 2010; Sandmann

1993). However, it was not reported if these were opaque. In the

other four trials, the method of concealment of allocation was

unclear.

We were not able to assess other biases, including measurement

bias and funding bias in all studies.

Among the three trials comparing shunt versus no shunt (

Gumerlock 1988; Palombo 2007; Sandmann 1993), one trial

monitored participants in the unshunted group using EEG and

SEP, and during the trial it was decided that participants ran-

domised to no shunt should be shunted if they showed evidence

of ipsilateral ischaemia (Sandmann 1993). Hence 3% of all opera-

tions in the no shunt group were in fact performed using a shunt.

By comparison, in Gumerlock 1988 and Sandmann 1993 com-

bined, 12% of the operations that were randomised to the shunt

group were performed without shunting for technical reasons (usu-

ally because of difficulty in inserting a shunt). The most recent trial

used stump pressure measurement and participants with stump

pressure less than 50 mmHg required shunting (Palombo 2007).

The treatment groups were generally comparable in two trials

(Gumerlock 1988; Palombo 2007). In one trial, those in the

shunted group had more severe disease in the contralateral artery,

which may have biased the results against shunting (Gumerlock

1988). The comparability of the groups with respect to age,

sex, and vascular risk factors were not available for another trial

(Sandmann 1993). However, there were imbalances in the sur-

gical technique in this trial. Patching was performed more fre-

quently in the shunted group (57% versus 39%). In addition, pli-

cation, resection or vein interposition was performed at the end of

the operation to ensure laminar flow on Doppler, and these were

performed more frequently in the unshunted group (56% versus

39%). This trial also noted that the outcome appeared to be bet-

ter when the operation was performed by a more senior surgeon,

and yet the experience of the surgeons was not given by treatment

group. Neither trial reported on whether antithrombotic agents

were used pre- or post-operatively.

There were other problems with the trials. Participants undergoing

bilateral endarterectomies were included, and in one trial it was

possible to be randomised twice to different operations (Sandmann

1993). The results of this trial were reported by artery rather than

participant, which made analysis of the results using patient-based
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denominators (death or any stroke) difficult. Data on the compa-

rability of the participants in this trial were not available and some

outcomes were not reported by treatment group.

Effects of interventions

Shunt versus no shunt

NB. We had to calculate best- and worst-case scenarios for some

outcomes because the number of events in each treatment group

was not available for one trial.

Deaths within 30 days of surgery

The overall risk of deaths in participants who had unilateral oper-

ations or bilateral operations using the same procedure was 1.5%

(10/655). All deaths were either due to stroke or coronary artery

disease. There was a trend favouring a lower death rate in the

shunted group but this was not significant (odds ratio (OR) 0.45,

95% confidence interval (CI) 0.13 to 1.59) (Analysis 1.1).

Only four patients died of stroke-related deaths (0.6%), so al-

though there was a trend toward fewer stroke deaths in the shunted

group, these data were not reliable (best case: Analysis 1.2; worst

case: Analysis 1.3).

Any stroke (fatal or non-fatal, ischaemic or haemorrhagic,

ipsilateral or contralateral, carotid or vertebrobasilar)

During surgery, the risk of stroke during surgery in both treatment

groups combined was 2.7% (18/655). The best- and worst-case

analyses gave qualitatively different results (that is, shunting was

associated with a non-significant 58% reduction or 32% increase

in the odds of stroke respectively) highlighting the instability of

the data due to small numbers (best case: Analysis 1.4; worst case:

Analysis 1.5).

During surgery or within 24 hours of surgery, data were available

from only two trials, of which one trial showed a significant re-

duction in the risk of stroke with shunting (Gumerlock 1988),

and the other trial reported no stroke in either treatment group

(Palombo 2007). The pooled result showed a significant reduction

in the risk of stroke with shunting (OR 0.15, 95% CI 0.03 to

0.78). However, this result is based on only six strokes in total and

so is not reliable (Analysis 1.6).

During surgery or within 30 days of surgery, the overall risk of

stroke within 30 days of surgery was 4.0% (26/655). There was a

non-significant trend towards fewer strokes in the shunted group

but the confidence interval was wide (OR 0.77, 95% CI 0.35 to

1.69) (Analysis 1.7).

Ipsilateral stroke (fatal and non-fatal, ischaemic and

haemorrhagic)

During surgery, all strokes that occurred during surgery were ip-

silateral. The risk of ipsilateral stroke in both groups combined

was 2.4 per 100 operations (18/737). Again, the best- and worst-

case analyses gave qualitatively different results (OR 0.42 and 1.32

respectively), although neither was significant (best case: Analysis

1.8; worst case: Analysis 1.9) .

During surgery or within 30 days of surgery, the risk of ipsilateral

stroke was 3.0 per 100 operations (22/737). There was a trend for

fewer strokes in the shunted group in both the best- and worst-

case analyses (OR 0.41 and 0.88 respectively) but again, the small

number of events makes these results difficult to interpret (best

case: Analysis 1.10; worst case: Analysis 1.11).

Death or stroke within 30 days of surgery

The risk of death or stroke in patients (with unilateral or bilateral

identical operations only) was 4.9% (32/655) overall. The best-

and worst-case analyses showed non-significant trends favouring

shunting (OR 0.62 and 0.81 respectively) but once again, the

confidence intervals were wide (best case: Analysis 1.12; worst case:

Analysis 1.13).

Other complications

The risks of wound haemorrhage or arterial rupture (0.3%) and

wound infection (0.2%) were too small to reliably detect any dif-

ference between the two treatment groups. Nerve palsies were only

recorded in one trial (Gumerlock 1988) and no significant differ-

ence was found between the two groups (3.6% risk overall) (Anal-

ysis 1.14; Analysis 1.15; Analysis 1.16).

Cognitive function

In the most recent trial, all participants underwent neuropsycho-

logical testing before the operation and three weeks after surgery

(Palombo 2007). This study did not observe any statistical differ-

ence between the two groups before or after carotid surgery with

regard to neuropsychological testing.

Comparison of routine shunting versus selective

shunting

A single randomised controlled trial compared the results of rou-

tine shunting versus selective shunting based on stump pressure

(AbuRahma 2010).There were no significant differences in clini-

cal outcome between routine shunting and selective shunting. The

perioperative stroke rate was 0% for routine shunting versus 2%

for selective shunting (one major and one minor stroke, both re-

lated to carotid thrombosis) No participants died perioperatively.

Combined perioperative TIA and stroke rates were 2% in routine
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shunting versus 2.9% in selective shunting. This study concluded

that there were no significant differences between routine shunt-

ing and selective shunting.

Comparison of monitoring methods in selective

shunting

EEG plus carotid stump pressure assessment versus stump

pressure assessment alone

In Fletcher 1988 the risks of stroke or death per participant were

not available from the published report. Five participants had a

stroke within 24 hours of surgery (a risk of 3.5 per 100 operations.)

There was no significant difference between combined EEG mon-

itoring and carotid pressure assessment and carotid pressure as-

sessment alone. In the combined monitoring group, two of the

three strokes occurred in participants with abnormal EEGs who

were not shunted because the carotid artery pressure was greater

than 50 mmHg. The other stroke occurred in a participant with

a normal EEG and a carotid pressure of greater than 55 mmHg.

In the group with carotid stump pressure assessment alone, the

two strokes occurred in participants with pressures greater than 55

mmHg. The risk of wound haemorrhage was too low (2.8%) to

reliably detect any difference between the treatment groups. The

risk of nerve palsies was higher (7.7%) but there was no apparent

difference between the two groups. Combined monitoring results

in about 50% fewer shunts being inserted (12 per 100 operations)

than carotid artery pressure assessment alone (26 per 100 opera-

tions), but the numbers were small and so are not reliable.

The use of an intraoperative algorithm based on cerebral

oximetry with near-infrared spectroscopy (NIRS)

monitoring

Zogogiannis 2011 evaluated whether the use of an intraopera-

tive algorithm based on cerebral oximetry with NIRS monitor-

ing could help in the intraoperative decision for shunt placement,

in people undergoing carotid endarterectomy. Two hundred and

fifty-three participants who underwent carotid endarterectomy

under general anaesthesia were randomly allocated to Group A

(83 participants) using NIRS monitoring and the suggested algo-

rithm, Group B (84 participants) using NIRS monitoring with-

out the algorithm and Group C (86 participants) who served as

controls. Shunt placement criterion for Groups A and B was a

20% drop in ipsilateral regional saturation from the baseline value

recorded before surgery. The rate of shunting was 27.7% in group

A, 59.5% in group B and 100% in group C. Regarding the rate

of postoperative neurologic deficits, no significant difference was

found between the three groups. This study concluded that the

use of a specific algorithm based on NIRS monitoring, in people

undergoing carotid endarterectomy, may reduce the rate for shunt

placement. However, no significant effect of the reduced rate of

shunting on the rate of neurological deficit was found.

D I S C U S S I O N

Since the previous publication of this review there have been sev-

eral new studies reporting the outcome of routine versus selec-

tive shunting in people undergoing carotid endarterectomy. How-

ever, most of these have been retrospective studies comparing the

outcome of participants operated before and after a change in

policy of shunt use (Bond 2002; Goodney 2012; Nguyen 2005;

Woodworth 2007). Only two trials met the criteria for inclusion

in this review (AbuRahma 2010; Zogogiannis 2011).

Of the six included trials, we identified three trials that compared

routine shunting with no shunting (Gumerlock 1988; Palombo

2007; Sandmann 1993); only these three trials could be included

in the meta-analysis. Two trials compared different monitoring

methods in selective shunting (Fletcher 1988; Zogogiannis 2011),

and one trial compared routine shunting with selective shunting

(AbuRahma 2010). This trial showed no significant differences

between routine shunting and selective shunting; however, too few

outcomes were reported to detect any difference in the number of

outcomes, especially strokes, between the two groups. More trials

are needed.

Routine shunting versus no shunting

Summary of main results

The data from RCTs on the use of routine shunting were limited.

There were promising but non-significant trends favouring a re-

duction in stroke-related deaths within 30 days of surgery with

routine shunting.

Overall completeness and applicability of
evidence

These analyses were based on very small numbers of outcome

events. A large multicentre randomised trial is required to assess

whether shunting reduces the risk of perioperative and long-term

death and stroke. Even a modest 25% reduction in the relative risk

of perioperative stroke or death would result in approximately 15

fewer strokes and deaths per 1000 people undergoing endarterec-

tomy. However, detecting this reliably (80% power, 5% signifi-

cance level) would require between 3000 and 5000 participants.

The duration of follow-up in the included trials was very short.

The main aim of shunting is to reduce the risk of perioperative
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stroke but it could possibly be associated with an increased risk of

restenosis and late recurrent stroke. This risk was not assessed in

the included trials.

Quality of the evidence

There were significant problems with the quality of the randomised

trials. The method used for allocation concealment was inade-

quately reported in most of the included studies. The duration

of follow-up was short in all included studies. It was also unclear

in most of the studies whether the outcomes had been assessed

blind to treatment allocation. It is well known that studies that

have neurologists as assessors are associated with higher stroke and

death rates (Rerkasem 2009; Rothwell 1996). Only two studies

reported that they had independent assessors (psychologists, neu-

rologists) (Palombo 2007; Sandmann 1993). Five of the trials re-

ported complete outcome data.

Potential biases in the review process

There were several potential biases such as many cross-overs, im-

balance in baseline characteristics and unavailable data for impor-

tant baseline characteristics. These reduced the reliability of these

results.

Agreements and disagreements with other
studies or reviews

Our results showed that there were promising but non-significant

trends favouring a reduction in both deaths and strokes within

30 days of surgery with the routine shunting policy. Opponents

of this policy argue that insertion of a shunt can cause intimal

injuries, embolisation, and difficulty in visualising the endpoint

of endarterectomy, and that there might be a reduced incidence of

stroke due to technical mistakes in patients who are not shunted (

Halsey 1992). However, accurate data on these risks appear limited

and anecdotal. In contrast, many studies reported that routine

shunting by experienced surgeons results in a low rate of shunt-

induced problems, and a low rate of stroke and death, and is a

cost-effective procedure (Hamdan 1999; Hertzer 1997). Routine

shunting avoids the need for test clamping of the common carotid

artery (awake testing), which alone can cause embolic stroke. Also,

routine shunting obviates the need to intubate urgently, which

may force an attempt to place the shunt under less than ideal

conditions, possibly raising the risk of technical errors.

Selective shunting versus no shunting

There are no data currently available from RCTs regarding the

benefits (or hazards) of selective shunting versus no shunting.

Comparison of different methods of monitoring
in selective shunting

Again, the data from randomised trials on which method should

be used to select patients for selective shunting were very limited.

We only identified two trials. The first trial (131 patients) com-

pared the use of EEG monitoring combined with an assessment

of the carotid stump back pressure with carotid back pressure as-

sessment alone (Fletcher 1988). This study was small and did not

report details of randomisation, blinding of outcome assessment

and the numbers of participants in each group. Too few outcomes

were reported to detect any difference in the number of strokes

in the group that received EEG and carotid pressure assessment

compared with the group that received carotid pressure assessment

alone. However, from this limited data EEG monitoring did ap-

pear more sensitive to cerebral ischaemia than carotid stump pres-

sure: two strokes occurred during the operation in participants

who had EEG changes but whose carotid stump pressure remained

greater than 50 mmHg, whilst no participants had reduced pres-

sure without EEG changes. Combined EEG and pressure moni-

toring may reduce the number of shunts inserted but it is difficult

to interpret these data without reliable evidence that this method

of monitoring does not increase the risk of stroke. In addition, if

EEG monitoring is not associated with fewer strokes, the costs of

extra EEG monitoring may outweigh the costs saved by inserting

fewer shunts.

The second trial assessed whether the use of an intraoperative

algorithm based on cerebral oximetry with NIRS monitoring

could help in the intraoperative decision for shunt placement,

in people undergoing carotid endarterectomy (253 participants)

(Zogogiannis 2011). Two hundred and fifty-three participants,

who underwent CEA under general anaesthesia, were randomly

allocated to Group A using NIRS monitoring and the suggested

algorithm, Group B using NIRS monitoring without the algo-

rithm and Group C who served as controls. This study was small

and did not report details of randomisation, allocation conceal-

ment, blinding of the participants and personnel as well as out-

come assessment. Shunt placement criterion for Group A and B

was a 20% drop in ipsilateral regional saturation from the baseline

value recorded before surgery. The rate of shunting was 27.7% in

group A, 59.5% in group B and 100% in group C. For the rate

of postoperative neurologic deficits, no significant difference was

found between the three groups. However, too few outcomes (13

participants) were reported to detect any difference in the number

of strokes in each group.

There are many other methods of monitoring for cerebral is-

chaemia that may be more sensitive than EEG, carotid pressure

monitoring and NIRS but these have not been subjected to assess-

ment in RCTs. The key question is not whether these methods can

reliably detect cerebral ischaemia but whether shunting in these

people results in lower perioperative morbidity and case fatality.
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Implications for practice

There is still insufficient evidence from randomised controlled tri-

als to support the use of routine shunting in carotid endarterec-

tomy, although a clinically important benefit from routine shunt-

ing cannot be excluded. There is no reliable evidence at present to

support the use of selective shunting. In those who wish to use se-

lective shunting in people under general anaesthetic, there is again

little evidence to support the use of one form of monitoring over

another. Much more data are required to prove this.

Implications for research

A large multicentre randomised trial is required to assess whether

shunting reduces the risk of perioperative and long-term death

and stroke. Even a modest 25% reduction in the relative risk of

perioperative stroke or death would result in approximately 15

fewer strokes and deaths per 1000 people undergoing endarterec-

tomy. However, to detect this reliably (80% power, 5% signifi-

cance level) would require between 3000 and 5000 participants.

Two policies could be considered: routine shunting for all people

undergoing carotid endarterectomy or selective shunting in those

at high risk of intraoperative cerebral ischaemia. The trial would

have to be truly randomised, have long-term follow-up (several

years) and have blinded outcome assessment preferably by neu-

rologists. Patients should be stratified by age, sex, degree of ipsi-

lateral and contralateral internal carotid stenosis, the experience

of the surgeon, the use of patching and, in selective shunting, the

method of monitoring of cerebral ischaemia.

As regards the method of monitoring in selective shunting, until

the efficacy of shunting has been demonstrated, further trials of

the method of monitoring are probably not merited. However, a

systematic review of the sensitivity and specificity of the various

methods of monitoring for cerebral ischaemia would be worth-

while to identify the best method of monitoring to be used in any

trial of selective shunting (Irwig 1994).
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

AbuRahma 2010

Methods Method of randomisation: unknown

Concealment: sealed envelops that were opened just before surgery

Not blind

Cross-overs: none (ITT analysis)

Exclusions during trial: none

Loss to follow-up: none

Participants USA

200 participants, 200 operations

Routine shunting: 98 operations

Selective shunting: 102 operations

Age: 45 to 89 years, mean 68 years

Sex: 48% male, 52% female

Comparability: age, sex, vascular risk factors similar between 2 groups

More asymptomatic ipsilateral arteries in routine shunting group: 58% versus 53%

Contralateral artery stenosis (mean %) routine shunting group: 38%; selective shunting

group: 40%

Interventions Treatment: selective shunting group; shunt selected if systolic stump pressure < 40 mmHg

Control: routine shunting group

All operations under general anaesthetic; unknown patching rate

Outcomes TIA, stroke, combined stroke/TIA, death, bleeding, myocardial infarction, congestive,

heart failure, asymptomatic carotid thrombosis, recurrent laryngeal injury, all complica-

tions, number of shunted artery

Notes Exclusion: none

Follow-up: 30 days

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “200 CEA patients were ran-

domised into”

Allocation concealment (selection bias) Low risk Quote: “Randomization was done using

sealed envelopes that were open just before

surgery”

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not reported
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AbuRahma 2010 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk No loss to follow-up

Selective reporting (reporting bias) High risk Study authors did not report prespecified

outcome

Other bias High risk Not reported

Fletcher 1988

Methods Method of randomisation: unknown (artery or patient randomised?)

Not blind

Cross-overs: none

Exclusions during trial: none

Loss to follow-up: none

Participants Australia

131 participants, 142 operations

EEG/pressure monitoring: 72 operations

Pressure assessment alone: 70 operations

Age: 36 to 70 years, mean 58 years

Sex: 70% male, 30% female

Comparability: age, sex, vascular risk factors similar between 2 groups

More asymptomatic ipsilateral arteries in pressure group: 1% versus 11%

Contralateral artery stenosis unknown

Interventions Treatment: EEG monitoring and carotid stump back pressure assessment; shunt selected

if ipsilateral EEG change (loss of voltage/activity) within 3 minutes of clamping and

back pressure < 50 mmHg

Control: carotid stump back pressure assessment alone; shunt selected if back pressure

< 50 mmHg

All operations under general anaesthetic; unknown patching rate

Outcomes Death plus stroke-related death, any stroke (during the operation), ipsilateral stroke,

haemorrhage from operation site, nerve palsies, number of shunted artery

Notes Exclusion: none

Follow-up: duration unknown

Risk of bias

Bias Authors’ judgement Support for judgement
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Fletcher 1988 (Continued)

Random sequence generation (selection

bias)

High risk Quote: “Randomization was dependent on

availability of an EEG technician”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not reported

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data

Selective reporting (reporting bias) High risk Study authors did not report prespecified

outcome

Other bias High risk Not reported

Gumerlock 1988

Methods Method of randomisation: odd/even hospital number (patient randomised)

Not blind

Cross-overs: shunt: 3 patients not shunted (analysed in original group)

Exclusions during trial: none

Loss to follow-up: none

Participants USA

Shunt: 53 participants (63 operations)

No shunt: 65 participants (75 operations)

Age: range 40 to 79 years

Sex: unknown

Comparability: age, vascular risk factors, indication for operation, degree of stenosis in

operated artery similar between treatment and control

More severe contralateral artery disease in shunt group: stenosis > 90% to 32% versus

19%

Interventions Treatment: Javid shunt

Control: no shunt

All operations done under general anaesthetic; no monitoring; primary closure

Outcomes Death plus stroke-related death, any stroke (during operation, within 24 hours and

30 days of operation), ipsilateral stroke, haemorrhage from operation site, infection at

operation site, nerve palsy
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Gumerlock 1988 (Continued)

Notes Exclusions: none

Follow-up: 30 days

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Not reported

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not reported

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data

Selective reporting (reporting bias) High risk Study authors did not report prespecified

outcome

Other bias High risk Quote: “All CEs were performed by ei-

ther the attending neurosurgeon or by a

senior neurosurgical resident under direct

supervision”. No data showed the percent-

age of operations done by residents in each

arm. Obviously residents had less experi-

ence than the attending physician, even

though such operations were done under

direct supervision. This might be a risk of

bias, if there was a significant proportion of

residents as operators in 1 group
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Palombo 2007

Methods Randomisation was done by a random number generator using computational method

Concealment: unclear

Blind outcome assessment: unclear

No cross-overs

Exclusions during trial: unclear

Loss to follow-up: unclear

Participants Italy

96 participants

Shunt: 48 participants; no shunt: 48 participants

Age: mean 71.45 years

Sex: 67% male, 33% female

Comparability: age, sex, vascular risk factors, indication for operation, degree of ipsilat-

eral/contralateral stenosis in each group not given

Overall: all had 66% asymptomatic

Interventions Treatment: Pruitt-Inahara shunt

Control: no shunt (shunted if stump pressure < 50 mmHg)

All operations done under general anaesthetic with stump pressure measurement

All operations done by eversion carotid endarterectomy technique

Outcomes Death and stroke, cerebral CT scan, serum concentration of S100 protein, neuron specific

enolase, interleukin-6, neuropsychological test

Notes Exclusions: contralateral severe carotid stenosis or carotid occlusion, right-side involve-

ment, age greater than 80 years, dementia, previous disabling stroke, brain tumour, neu-

roleptic therapy and Mini Mental State Examination score < 24 points

Follow-up: unclear

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Randomisation was done by a ran-

dom number generator using computa-

tional method that was managed by a statis-

tician.”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not reported

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Neuropsychological test was done by psy-

chologists but author did not report

whether they knew the randomisation code
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Palombo 2007 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk No participants lost to follow-up

Selective reporting (reporting bias) Low risk Study authors reported all prespecified out-

comes

Other bias High risk Not reported

Sandmann 1993

Methods Method of randomisation: opaque, sequentially-numbered sealed envelopes (artery ran-

domised)

Blind outcome assessment

Cross-overs: shunt: 35 participants not shunted; no shunt: 10 participants shunted (all

participants analysed in original group)

Exclusions during trial: none

Loss to follow-up: none

Participants Germany

472 participants, 441 with unilateral operations

Shunt: 250 operations

No shunt: 253 operations

Age: mean 64 years

Sex: 70% male, 30% female

Comparability: age, sex, vascular risk factors, indication for operation, degree of ipsilat-

eral/contralateral stenosis in each group not given

Overall: all had ipsilateral stenosis > 70% (20% asymptomatic); 20% had contralateral

stenosis > 80%

Interventions Treatment: Javid shunt

Control: no shunt (shunted if significant changes on monitoring)

All operations done under general anaesthetic with EEG/SEP monitoring; at end of

operation plication, resection, vein interposition was performed to achieve laminar flow

on Doppler

Outcomes Death plus stroke-related death, any stroke (during the operation and within 30 days),

ipsilateral stroke, haemorrhage from operation site, infection at operation site

Notes Exclusions: bilateral simultaneous endarterectomies, simultaneous reconstruction of

supra-aortic branch and carotid bifurcation

Follow-up: 30 days

Risk of bias

Bias Authors’ judgement Support for judgement
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Sandmann 1993 (Continued)

Random sequence generation (selection

bias)

Low risk Quote: “the use of the intraluminal Javid

shunt was prospectively randomised in a

continuous series of 503 CEs”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Based on unpublished data, a neurologist

who was blind to treatment allocation as-

sessed participants post-operatively

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “In 503 cases evaluated preopera-

tively and postoperatively by an indepen-

dent neurologist, the use of a Javid shunt

was prospectively randomised.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Based on unpublished data, there was no

loss to follow-up in this study

Selective reporting (reporting bias) High risk Study authors did not report prespecified

outcome

Other bias High risk Not reported

Zogogiannis 2011

Methods Method of randomisation: unknown

Not blind

Cross-overs: none

Exclusions during trial: none

Loss to follow-up: none

Participants Greece

253 participants, 253 operations

Group A: using cerebral oximetry with the suggested algorithm (83 operations)

Group B: using cerebral oximetry without the suggested algorithm (84 operations)

Group C: control group - routine shunting (86 operations)

Age: 48 to 82 years, mean 68.6 years

Sex: 73% male, 27% female

Comparability: age, sex, BMI, vascular risk factors, coronary artery disease, haemodialysis

similar between 2 groups

Asymptomatic ipsilateral arteries: 67.4% (group A), 66.7% (group B), 67.4 (group C)

Contralateral artery stenosis unknown

Interventions Treatment: Intervention group

Group A: using cerebral oximetry with the suggested algorithm

Group B: using cerebral oximetry without the suggested algorithm

These 2 groups, surgeon was notified when a 20% drop from the baseline was found

Group C control group - routine shunting

23Routine or selective carotid artery shunting for carotid endarterectomy (and different methods of monitoring in selective shunting)

(Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Zogogiannis 2011 (Continued)

All operations under general anaesthetic; unknown patching rate

Outcomes Number of shunted arteries, neurological deficit, cardiovascular ischaemia

Notes Exclusion: none

Follow-up: duration unknown

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “This prospective, controlled, ran-

domised study in two Greek institutions”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Not reported

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data

Selective reporting (reporting bias) Low risk Study authors reported all prespecified out-

comes

Other bias High risk Not reported

BMI: body mass index

CEA: carotid endarterectomy

CT: computerised tomography

EEG: electroencephalogram

ITT: intention to treat

SEP: somatosensory evoked potential

TIA: transient ischaemic attack
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D A T A A N D A N A L Y S E S

Comparison 1. Shunting (routine or selective) versus no shunting

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Death from all causes within 30

days of surgery

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.45 [0.13, 1.59]

1.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.45 [0.13, 1.59]

2 Stroke-related death within 30

days of surgery (best case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.13 [0.02, 0.96]

2.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.13 [0.02, 0.96]

3 Stroke-related death within 30

days of surgery (worst case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.37 [0.05, 2.62]

3.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.37 [0.05, 2.62]

4 Any stroke during surgery (best

case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.42 [0.16, 1.07]

4.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.42 [0.16, 1.07]

5 Any stroke during surgery (worst

case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.32 [0.52, 3.38]

5.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.32 [0.52, 3.38]

6 Any stroke within 24 hours of

surgery

2 214 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.15 [0.03, 0.78]

6.1 Routine shunting versus

no shunting

2 214 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.15 [0.03, 0.78]

7 Any stroke within 30 days of

surgery

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.77 [0.35, 1.69]

7.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.77 [0.35, 1.69]

8 Ipsilateral stroke during surgery

(best case)

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.42 [0.17, 1.08]

8.1 Routine shunting versus

no shunting

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.42 [0.17, 1.08]

9 Ipsilateral stroke during surgery

(worst case)

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.32 [0.52, 3.37]

9.1 Routine shunting versus

no shunting

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.32 [0.52, 3.37]

10 Ipsilateral stroke within 30 days

of surgery (best case)

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.41 [0.18, 0.97]

10.1 Routine shunting versus

no shunting

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.41 [0.18, 0.97]

11 Ipsilateral stroke within 30 days

of surgery (worst case)

3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.88 [0.38, 2.05]
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11.1 Routine shunting 3 737 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.88 [0.38, 2.05]

12 Stroke or death within 30 days

of surgery (best case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.62 [0.31, 1.27]

12.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.62 [0.31, 1.27]

13 Stroke or death within 30 days

of surgery (worst case)

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.81 [0.40, 1.66]

13.1 Routine shunting versus

no shunting

3 655 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.81 [0.40, 1.66]

14 Haemorrhage from operation

site

2 641 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.19 [0.07, 19.47]

14.1 Routine shunting versus

no shunting

2 641 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.19 [0.07, 19.47]

15 Infection of operation site 2 641 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.16 [0.00, 8.12]

15.1 Routine shunting versus

no shunting

2 641 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.16 [0.00, 8.12]

16 Nerve palsy post-operatively 1 138 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.81 [0.30, 10.82]

16.1 Routine shunting versus

no shunting

1 138 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.81 [0.30, 10.82]

W H A T ’ S N E W

Last assessed as up-to-date: 9 August 2013.

Date Event Description

9 August 2013 New citation required but conclusions have not changed New first author.

9 August 2013 New search has been performed The searches have been updated and completed to Au-

gust 2013. We have identified and included two new

randomised trials, bringing the total number of included

studies to six, involving 1270 participants. The conclu-

sions of the review have not changed

H I S T O R Y

Protocol first published: Issue 1, 1995

Review first published: Issue 1, 1995

Date Event Description

3 May 2009 New search has been performed The searches have been updated and completed to

November 2008. In the years since the searches were

last completed in 2000, we have identified one new
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(Continued)

randomised trial (Palombo 2007), which assesses the

effect of shunting versus non-shunting during carotid

endarterectomy. This new trial involved 48 patients in

each group and there were no outcome events in either

group. In this updated version, the conclusions have

not therefore changed materially from the previous re-

view

3 May 2009 New citation required but conclusions have not

changed

Change of authorship.

12 September 2008 Amended Converted to new review format.

10 August 2001 New search has been performed In the six years since this review was first published

there have been a number of retrospective compar-

isons of selective shunt use versus systematic shunt use,

as well as a prospective comparison of different shunt

types, but there have been no new prospective ran-

domised controlled trials relevant to this review

C O N T R I B U T I O N S O F A U T H O R S

Update of review

Wilaiwan Chongruksut, Tanat Vaniyapong, Kittipan Rerkasem: designed the protocol, performed searches, selected studies for inclusion

or exclusion, extracted data and updated the review.

D E C L A R A T I O N S O F I N T E R E S T

None known.

S O U R C E S O F S U P P O R T

Internal sources

• Faculty of Medicine, Chiang Mai University, Thailand.
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External sources

• Stroke Prevention Research Unit, Nuffield Department of Clinical Neurosciences, University of Oxford, UK.

• Thailand Research Fund, Thailand.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

None.

N O T E S
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I N D E X T E R M S
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A B S T R A C T

Background

Carotid endarterectomy may significantly reduce the risk of stroke in people with recently symptomatic, severe carotid artery stenosis.

However, there are significant perioperative risks that may be reduced by performing the operation under local rather than general

anaesthetic. This is an update of a Cochrane Review first published in 1996, and previously updated in 2004 and 2008.

Objectives

To determine whether carotid endarterectomy under local anaesthetic: (1) reduces the risk of perioperative stroke and death compared

with general anaesthetic; (2) reduces the complication rate (other than stroke) following carotid endarterectomy; and (3) is acceptable

to patients and surgeons.

Search methods

We searched the Cochrane Stroke Group Trials Register (September 2013), MEDLINE (1966 to September 2013), EMBASE (1980 to

September 2013) and Index to Scientific and Technical Proceedings (ISTP) (1980 to September 2013). We also handsearched relevant

journals, and searched the reference lists of articles identified.

Selection criteria

Randomised trials comparing the use of local anaesthetic to general anaesthetic for carotid endarterectomy were considered for inclusion.

Data collection and analysis

Three review authors independently assessed trial quality and extracted data. We calculated a pooled Peto odds ratio (OR) and

corresponding 95% confidence interval (CI) for the following outcomes that occurred within 30 days of surgery: stroke, death, stroke

or death, myocardial infarction, local haemorrhage, cranial nerve injuries, and shunted arteries.

Main results

We included 14 randomised trials involving 4596 operations, of which 3526 were from the single largest trial (GALA). In general,

reporting of methodology in the included studies was poor. All studies were unable to blind patients and surgical teams to randomised

treatment allocation and for most studies the blinding of outcome assessors was unclear. There was no statistically significant difference

in the incidence of stroke within 30 days of surgery between the local anaesthesia group and the general anaesthesia group. The incidence

of strokes in the local anaesthesia group was 3.2% compared to 3.5% in the general anaesthesia group (Peto OR 0.92, 95% CI 0.67 to

1.28). There was no statistically significant difference in the proportion of patients who had a stroke or died within 30 days of surgery.
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In the local anaesthesia group 3.6% of patients had a stroke or died compared to 4.2% of patients in the general anaesthesia group

(Peto OR 0.85, 95% CI 0.63 to 1.16). There was a non-significant trend towards lower operative mortality with local anaesthetic. In

the local anaesthesia group 0.9% of patients died within 30 days of surgery compared to 1.5% of patients in the general anaesthesia

group (Peto OR 0.62, 95% CI 0.36 to 1.07). However, neither the GALA trial or the pooled analysis were adequately powered to

reliably detect an effect on mortality.

Authors’ conclusions

The proportion of patients who had a stroke or died within 30 days of surgery did not differ significantly between the two types

of anaesthetic techniques used during carotid endarterectomy. This systematic review provides evidence to suggest that patients and

surgeons can choose either anaesthetic technique, depending on the clinical situation and their own preferences.

P L A I N L A N G U A G E S U M M A R Y

Local versus general anaesthesia for carotid endarterectomy

About 20% of strokes result from narrowing of the carotid artery, which is the main artery supplying blood to the brain. Blood clots can

form at the point of narrowing. If a blood clot breaks off into the bloodstream, it can be carried into the brain, block the blood supply

there and cause a stroke. A surgical operation known as carotid endarterectomy removes the inner lining and blood clot in the carotid

artery and can lower the risk of stroke. However, even with very careful surgery, approximately one in 20 patients will suffer a stroke

caused by the operation itself. The use of local anaesthesia rather than general anaesthesia might lower the risk of a stroke happening

during or after surgery. This review includes 14 randomised trials, involving 4596 operations, comparing the use of local anaesthetic

to general anaesthetic for carotid endarterectomy. There was no statistically significant difference between the anaesthetic techniques

in the percentage of patients who had a stroke or died within 30 days of surgery. This systematic review provides evidence to suggest

that patients and surgeons can choose either anaesthetic technique, depending on the clinical situation and their own preferences.

B A C K G R O U N D

Description of the condition

Around 20% of patients presenting with transient ischaemic attack

or non-disabling ischaemic stroke have a significant stenosis with

unstable atheromatous plaque at or around the bifurcation of the

ipsilateral carotid artery. This plaque gives rise to the embolus.

Carotid endarterectomy is an operation to remove this stenosis

together with unstable plaque and, therefore, decrease the risk of

stroke.

Description of the intervention

Carotid endarterectomy has been shown in large, well-conducted

randomised controlled trials (RCTs) to reduce the risk of stroke

in patients with recently symptomatic, severe (greater than 70%)

internal carotid artery stenosis (ECST 1991; NASCET 1991).

In a pooled analysis of data from these RCTs of endarterectomy

versus medical treatment, surgery was of marginal benefit in terms

of the five-year risk of ipsilateral ischaemic stroke in those with

50% to 69% stenosis, and was highly beneficial in those with

70% stenosis or greater without near occlusion (Rothwell 2003;

Rerkasem 2011). These benefits were seen despite the significant

perioperative risks associated with carotid endarterectomy. The

risk of stroke or death within 30 days of the operation was between

5% and 7% in the trials. If the risk of perioperative stroke could

be reduced, the benefits from carotid endarterectomy would be

greater. Thus it is important to make the operation as safe as

possible.

Some perioperative strokes occur during the operative procedure

and may relate to reduced blood flow during carotid artery clamp-

ing. If the onset of such strokes could be recognised early, it may

be possible to reverse the ischaemia by placing a shunt across

the clamped artery, thereby increasing blood flow. In patients op-

erated on under general anaesthetic, the development of a new

stroke is only recognised after recovery from the anaesthetic. In

order to minimise the operative risk of stroke, several different

approaches to shunting have been adopted when the procedure
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is performed under general anaesthetic: namely the placement of

a shunt in all patients (Javid 1979; Thompson 1979; Gumerlock

1988); the placement of a shunt in some patients thought to be

at risk of an operative stroke (Ricotta 1983; Sundt 1986; Buche

1988; Schweiger 1988; Steiger 1989); or avoiding a shunt alto-

gether (Prioleau 1977; Ott 1980; Reddy 1987). The avoidance of

a shunt is based on the fact that only a small minority of patients

do not tolerate arterial clamping without a shunt. Shunting may

be associated with risks such as intimal damage promoting early

postoperative thrombosis and late restenosis, which cause stroke.

Thus, to many people, the selective method appears to be the most

appropriate because it implies that only those patients who are at

risk of having a stroke during carotid clamping are exposed to the

risks of shunt placement. However, there is little consensus about

the best way of identifying those patients who are at risk of stroke

during the procedure. Several methods have been used to iden-

tify patients at risk of stroke including preoperative assessment

(e.g. a history of recent stroke or occlusion of the contralateral

artery), and a variety of techniques designed to directly or indi-

rectly monitor cerebral blood flow during surgery. Techniques for

monitoring blood flow during surgery include electroencephalo-

graphic monitoring, somatosensory evoked potential monitoring,

transcranial Doppler monitoring, and measurement of the inter-

nal carotid artery back pressure (Rerkasem 2010). However, these

methods are not reliable for detecting intraoperative stroke (Bass

1989; Gnanadev 1989; Kresowik 1991; Kearse 1992).

How the intervention might work

Performing carotid endarterectomy in awake patients under local

anaesthetic offers the advantage of accurate assessment of the clini-

cal state of the patient during surgery and during the early postop-

erative period (Benjamin 1993). Any neurological change, either

during test clamping or during surgery itself, can be detected early

and therefore allow more appropriate use of selective shunting in

these patients. In addition, the cardiac and pulmonary morbidity

of general anaesthetic may be avoided (Corson 1987; Becquemin

1991). There is also the suggestion that operation under local

anaesthetic may be associated with an overall shorter hospital stay,

and lower costs (Godin 1989; McCarthy 2001; Gurer 2003).

However, carotid endarterectomy under local anaesthetic may be

associated with certain problems. The operation may be techni-

cally more difficult, which may increase the risk of a poor result

from surgery. Patients may also undergo undue stress and pain

during the operation, which may result in an increased risk of

myocardial ischaemia. Finally, some surgeons may find perform-

ing the operation under local anaesthetic stressful. It is also possi-

ble that there may be certain advantages to operating under gen-

eral anaesthetic. For example, there is some evidence that gen-

eral anaesthetics reduce cerebral metabolic rate and may have a

neuroprotective effect in the presence of ischaemia (Wells 1963;

Michenfelder 1975; Markowitz 1984).

Why it is important to do this review

Carotid surgery is one of the most common types of vascular

surgery. To date, there is no clear evidence that carotid endarterec-

tomy performed under local anaesthesia is associated with re-

duced mortality. This issue is particularly important in older pa-

tients who comprise the majority of patients who need this type

of surgery. The only reliable way to assess the relative risks and

benefits of carotid endarterectomy under local anaesthetic versus

general anaesthetic is by direct comparison in RCTs. We therefore

undertook a systematic review of all such trials. This systematic

review is an update of a Cochrane Review first published in 1996

and previously updated in 2004 and 2008 (Tangkanakul 1996;

Rerkasem 2004; Rerkasem 2008).

O B J E C T I V E S

To determine whether carotid endarterectomy under local anaes-

thetic: (1) reduces the risk of perioperative stroke and death com-

pared with general anaesthetic; (2) reduces the complication rate

(other than stroke) following carotid endarterectomy; and (3) is

acceptable to patients and surgeons.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised and quasi-randomised trials that compared local

with general anaesthetic for carotid endarterectomy and that mea-

sured clinically relevant outcomes were eligible for inclusion.

Types of participants

We considered trials that included any type of patient undergoing

unilateral or bilateral carotid endarterectomy to be eligible for in-

clusion, whether the initial indication was symptomatic or asymp-

tomatic carotid disease.

Types of interventions

We sought to identify all trials comparing carotid endarterectomy

under general anaesthetic of any type with carotid endarterectomy

under local anaesthetic of any type, including both epidural and

skin or deep infiltration.
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Types of outcome measures

Primary outcomes

The primary outcome was the proportion of patients who had a

stroke of any kind (i.e. fatal or non-fatal, contralateral or ipsilat-

eral or brainstem, haemorrhage or infarction) within 30 days of

surgery, and during long-term follow-up.

Secondary outcomes

Secondary outcomes included the following.

1. Stroke ipsilateral to the operated artery within 30 days of

operation and during long-term follow-up.

2. Deaths from all causes within 30 days of surgery. We tried

to classify each death as stroke-related, related to other vascular

disease (cardiac disease, pulmonary embolism, haemorrhage or

other vascular disease) or non-vascular.

3. The proportion of patients who had a stroke or died within

30 days of surgery.

4. Any myocardial infarction (fatal or non-fatal) within 30

days of surgery.

5. Other significant complications related to surgery (e.g. local

haemorrhage from the artery or neck wound, pulmonary

complications including pneumonia, pulmonary embolism,

atelectasis, prolonged intubation and pulmonary oedema, and

cranial nerve palsies).

6. The numbers of participants with raised or lower blood

pressure (hypertension or hypotension) during or after surgery.

7. The percentage of participants in whom a shunt was used

during surgery.

8. The total duration of hospital and intensive care unit stay.

9. The overall satisfaction and preference of participants with

each type of procedure. We hoped this would indirectly assess

outcomes such as pain and anxiety during and after the

procedure.

10. The overall satisfaction and preference of surgeons.

11. The feasibility of carrying out carotid endarterectomy

under local anaesthetic. This was assessed by calculating the

percentage of participants allocated to have the surgery under

local anaesthetic but who had crossed over to general anaesthetic.

We tried to divide further into those patients who had their

choice of anaesthetic changed before the procedure was started

and those who converted from local to general anaesthesia once

the procedure had started.

Search methods for identification of studies

See the ’Specialized register’ section in the Cochrane Stroke Group

module. No language restriction was used in the searches and

we arranged for translation of all possibly relevant non-English

language publications.

Electronic searches

We searched the Cochrane Stroke Group Trials Register in Septem-

ber 2013. In addition we searched the following electronic bib-

liographic databases from inception to 30 September 2013: the

Cochrane Central Register of Controlled Trials (CENTRAL, The

Cochrane Library 2013 Issue 8, Appendix 1), MEDLINE (Ovid,

Appendix 2), and EMBASE (Ovid, Appendix 3). We developed

the search strategies with the help of the Cochrane Stroke Group

Trials Search Co-ordinator.

We also systematically searched the conference proceedings

database Index to Scientific and Technical Proceedings (ISTP)

(BIDS) (1980 to September 2013) using the terms ’carotid’ and

’trial or random*’.

Searching other resources

1. We handsearched the following journals:

i) Annals of Surgery (1981 to September 2013);

ii) Annals of Vascular Surgery (1995 to September 2013);

iii) Vascular (previously Cardiovascular Surgery) (1995 to

September 2013);

iv) European Journal of Vascular and Endovascular Surgery

(previously European Journal of Vascular Surgery) (1988 to

September 2013);

v) Journal of Vascular Surgery (1995 to September 2013);

and

vi) Stroke (1995 to September 2013).

2. We reviewed the reference lists of all relevant studies.

3. For a previous version of the review we advertised the review

in Vascular News, a newspaper for European vascular specialists

(August 2001) and handsearched the following journals:

i) British Journal of Surgery (1985 to 2002);

ii) International Journal of Angiology (1995 to 2002);

iii) Journal of Cardiovascular Surgery (1995 to 2002);

iv) Neurology (1995 to 2002);

v) Neurosurgery (1995 to 2002);

vi) Surgical Neurology (1995 to 2002); and

vii) World Journal of Surgery (1978 to 2002).

Data collection and analysis

Three authors (TV, WC, KR) independently collected data, in-

cluding details of methods, participants, setting, context, interven-

tions, outcomes, results, publications and investigators. We per-

formed meta-analysis using RevMan 5.2 (RevMan 2012).

Selection of studies

Three authors (TV, WC, KR) independently read the titles and

abstracts of the records obtained from the searches and excluded

obviously irrelevant studies. We obtained the full-text articles of

potentially relevant studies and the same authors independently
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selected studies for inclusion based on the predefined criteria. We

resolved any disagreements through discussion.

Data extraction and management

We extracted details of the method of randomisation, the blinding

of outcome assessments, losses to follow-up, cross-overs and ex-

clusions after randomisation from the publications. We also com-

pared patient characteristics (age, sex, vascular risk factors, and

indication for surgery) and details of the operation (type of cere-

bral monitoring, use of carotid patching, use of shunts, use of pe-

rioperative antiplatelet therapy) between the treatment groups in

each trial. Also, although asymptomatic patients were included in

some studies, the data were not available in sufficient detail to al-

low separate analysis of the outcomes of carotid endarterectomy in

symptomatic and asymptomatic patients. However, it is unlikely

that the relative effect of local versus general anaesthesia will vary

qualitatively with symptom status.

Assessment of risk of bias in included studies

Three authors (TV WC KR) independently assessed the method-

ological quality of the included trials using the Cochrane risk

of bias tool (Higgins 2011). We resolved disagreements in the

methodological assessment by reaching consensus through discus-

sion. If an item was assessed as unclear, we contacted trialists for

clarification and to request missing information.

Measures of treatment effect

We estimated treatment effect for the following outcomes within

30 days of surgery: stroke, death, stroke or death, myocardial in-

farction, local haemorrhage, cranial nerve injuries, and shunted

arteries. Peto odds ratios (OR) and corresponding 95% confidence

intervals were calculated for each outcome.

Unit of analysis issues

An event is the onset of an adverse outcome. We extracted the

outcome events reported for each study. Some studies included

patients who had bilateral operations, but only reported the num-

ber of patients, and not arteries, in each group. However, since

bilateral carotid endarterectomy was unusual, we used the number

of patients as the number of operations in such studies. Where

possible we used the number of patients, not the number of arter-

ies in the analysis.

Dealing with missing data

When data were missing, we contacted the corresponding author

or a co-author to request missing information. When missing data

could not be obtained, we analysed only the available data.

Assessment of heterogeneity

We assessed heterogeneity between study results using the I² statis-

tic (Higgins 2003). This measure describes the percentage of total

variation across studies due to heterogeneity rather than chance.

An I² value over 75% was considered to indicate a high level of

heterogeneity.

The I2 statistic may be interpreted as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity; and

• 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

In an effort to minimize the impact of reporting biases we

sought to identify all relevant trials, including unpublished stud-

ies, by searching not only MEDLINE and EMBASE, but also

the Cochrane Stroke Group Trials Register. In addition, we hand-

searched relevant journals and reviewed the reference lists of all

relevant studies. In the previous version of this review we adver-

tised the review in Vascular News, a newspaper for European vas-

cular specialists. We did not impose any language restriction in the

searches and we arranged translation of all relevant non-English

language papers. Given a sufficient number of studies, publication

bias was to be assessed by constructing funnel plots.

Data synthesis

We calculated proportional risk reductions based on a weighted

estimate of the odds ratio using the Peto method (APT 1994).

We calculated a pooled Peto OR and 95% CI for the following

outcomes that occurred within 30 days of surgery: stroke, death,

stroke or death, myocardial infarction, local haemorrhage, cranial

nerve injuries, and shunted arteries.

Subgroup analysis and investigation of heterogeneity

Where there was considerable heterogeneity, we investigated the

explanation for such interactions.

Sensitivity analysis

When the decisions for the process undertaken in this systematic

review were arbitrary or unclear, we applied sensitivity analyses.

For example, both fixed-effect and random-effects meta-analyses

were performed to evaluate the consistency of the results, or pooled

estimates of all studies’ results compared with the results with

studies of poorer quality excluded.

R E S U L T S
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Description of studies

Results of the search

For this review we updated our previous searches of the Cochrane

Stroke Group Trials Register, MEDLINE, EMBASE and ISTP. We

also searched CENTRAL. We reviewed a total of 2392 references

from the searches and obtained the full paper copy of 43 trial

reports. We identified 14 RCTs.

Included studies

We included 14 RCTs, involving 4596 operations, which com-

pared local and general anaesthetic for carotid endarterectomy.

Most studies were small except the GALA trial, which reported

on 3526 operations (GALA 2008). All studies were published in

English except four, which were translated from French (Pluskwa

1989), German (Binder 1999), Serbian (Sindelic 2004), and

Czech (Mrozek 2007) into English. There were two reports from

one trial (McCarthy 2004). Initially the first report was published

in 2002 with 67 participants and then, in 2004, another article

was published including data from another hospital with a total

of 176 participants (McCarthy 2004).

Since publication of the previous version of this review (Rerkasem

2008), we identified five new studies that appeared to meet the

inclusion criteria (Mrozek 2007; Ebner 2008; Luchetti 2008;

Mazul-Sunko 2010; Moritz 2010). Two studies were published

in 2008, but they were not included in the previous version due

to delayed publication (Ebner 2008; Luchetti 2008). One Czech

paper was published in 2007, but this was missed because the

journal was not included in MEDLINE or EMBASE (Mrozek

2007). This paper was retrieved from the Cochrane Stroke Group

Trials Register. Another article was published in 2010 and was

retrieved from the Cochrane Stroke Group Trials Register (Mazul-

Sunko 2010). One trial was subsequently excluded (Ebner 2008),

leaving four new studies for inclusion in the review (Luchetti 2008;

Mrozek 2007; Moritz 2010; Mazul-Sunko 2010). We found no

ongoing studies.

Thirteen studies used a cervical block and one study (Pluskwa

1989) used an epidural block to provide local anaesthesia. All

studies used standard medication in the general anaesthetic group.

Ten trials reported the indication for shunting (Forssell 1989;

Binder 1999; Sbarigia 1999; McCarthy 2004; Kasprzak 2006;

Mrozek 2007; Luchetti 2008; GALA 2008; Moritz 2010; Mazul-

Sunko 2010). One trial used intraluminal shunting in all patients

(Binder 1999). One trial aimed to follow patients up to one year

(GALA 2008). Four trials indicated the period of follow-up as

follows: 30 postoperative days (Sbarigia 1999; Kasprzak 2006),

two postoperative days (Binder 1999), and the time of hospital

discharge (Forssell 1989). In the other trials, the period of follow-

up was not stated but appeared to be up to the time of hospital

discharge.

In most studies important outcomes were not assessed. Only the

GALA trial determined whether the strokes were ipsilateral to the

operated artery (GALA 2008). However, most strokes will have

been ipsilateral. The GALA trial was the only study that reported

the cause of death and the severity of stroke in terms of disability

(GALA 2008). Patient satisfaction was formally assessed in only

one trial (McCarthy 2004). Surgeon satisfaction was not formally

assessed.

Excluded studies

We excluded one trial because the randomised allocation was based

on the rotation of the two anaesthetists who could perform cervical

plexus block (Ebner 2008).

Risk of bias in included studies

One of the 14 RCTs was published as an abstract (Gimenez 2004).

For this study, only data from the abstract and oral presentation

were available. In general, reporting of methodology was poor.

The overall results of the risk of bias analysis are summarized in

Figure 1.
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Figure 1. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

In all studies, allocation by randomisation was reported. How-

ever, only six papers indicated the method of randomisation.

This included block randomisation (Binder 1999; GALA 2008),

computer randomisation (Kasprzak 2006; Luchetti 2008; Moritz

2010), and date of birth (Mrozek 2007). The methods used for

randomisation in the remaining trials were unclear.

Blinding

All studies were unable to blind patients and surgical teams to

randomised treatment allocation. In most trials, the blinding of

outcome assessment was unclear. In three trials outcomes were

assessed by neurologists who were blind to the type of anaesthesia

used (Sbarigia 1999; Kasprzak 2006; GALA 2008).

Incomplete outcome data

Most studies did not report how incomplete outcome data was

handled. However, six studies did report this information (Sbarigia

1999; McCarthy 2004; Sindelic 2004; Kasprzak 2006; GALA

2008; Moritz 2010). In six studies, some patients who were ran-

domised to have surgery under local anaesthesia actually had

surgery under general anaesthesia (Forssell 1989; Binder 1999;

Sbarigia 1999; Kasprzak 2006; GALA 2008; Moritz 2010). Apart

from two RCTs (GALA 2008; Moritz 2010), the reasons for the

change were usually unclear, and these patients were excluded

from the analysis in five trial reports (Forssell 1989; Binder 1999;

Sbarigia 1999; GALA 2008; Moritz 2010). In one trial (Forssell

1989), 11 (11%) patients underwent staged bilateral endarterec-

tomies and were randomised twice. Some of these patients may

have had one operation under general anaesthesia and the other

under local anaesthesia.

Selective reporting

Most studies did not indicate prespecified outcomes or report all

prespecified outcomes. Only six studies reported all expected out-

comes that were prespecified (Binder 1999; GALA 2008; Kasprzak

2006; Mazul-Sunko 2010; Moritz 2010; Mrozek 2007).

Other potential sources of bias

Regarding allocation concealment, two trials used sequentially

numbered sealed envelopes but it was not stated if these were

opaque (Forssell 1989; Sbarigia 1999). The GALA 2008 study

utilised central allocation, while in 11 trials the method of con-

cealment of allocation was unclear.

We were able to assess other bias, including measurement bias and

funding bias in one study (GALA 2008).

Only the GALA trial clearly reported on the major differences

in baseline prognostic factors between the two groups of patients

(GALA 2008), although some studies provided limited data. Only

four trials commented on the use of patching: two trials used a

selective patch approach (Sbarigia 1999; Kasprzak 2006), one used

patching in all patients (Binder 1999) and one study used various

patching approaches (GALA 2008). Only the GALA trial reported

on perioperative antiplatelet therapy (GALA 2008).

Effects of interventions

We included data from 14 randomised trials (4596 operations) in

this review. We only assessed outcomes within 30 days of surgery,

because none of the included studies reported long-term results.

Any stroke within 30 days of operation

There were 149 reported strokes of any type within 30 days of

surgery. There was no statistically significant difference in the inci-

dence of stroke between the local anaesthesia group and the general

anaesthesia group. The incidence of strokes in the local anaesthe-

sia group was 3.2% compared to 3.5% in the general anaesthesia

group (Peto OR 0.92, 95% CI 0.67 to 1.28, Analysis 1.1). Only

the GALA trial data allowed a comparison between ipsilateral and

contralateral stroke (GALA 2008), and reported the rate of ipsi-

lateral stroke as 57/1771 (3.2%) in local anaesthesia and 54/1752

(3.1%) in general anaesthesia.

Death within 30 days of operation

There were 52 deaths: 16 due to coronary artery diseases, 27 due

to stroke and 9 due to other causes. There were 20 deaths (0.9%)

in the local anaesthesia group compared to 32 deaths in the general

anaesthesia group (1.5%). There was no statistically significant

difference in death rates (Peto OR 0.62, 95% CI 0.36 to 1.07,

Analysis 1.2).

Stroke or death within 30 days of operation

The rate of stroke or death in the local anaesthesia group was 3.6%

compared with 4.2% in the general anaesthesia group. There was

no statistically significant difference in the rate of stroke or death

(Peto OR 0.85, 95% CI 0.63 to 1.16, Analysis 1.3).

Myocardial infarction within 30 days of operation

Twenty-three patients suffered a myocardial infarction within 30

days of surgery. Fourteen patients (0.6%) in the local anaesthesia

group had a myocardial infarction compared with nine patients

(0.4%) in the general anaesthesia group). There was no statistically
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significant difference between the groups in the rate of myocardial

infarction (Peto OR 1.53, 95% CI 0.67 to 3.47, Analysis 1.4).

The 95% CI was wide.

Other operative complications

Local haemorrhage

Five studies reported the rate of haemorrhage from the wound.

There were 314 haemorrhages. Haemorrhage was reported in

7.7% of patients in the local anaesthesia group compared with

8.1% of patients in the general anaesthesia group. There was no

statistically significant difference between the groups (Peto OR

0.95, 95% CI 0.75 to 1.19, Analysis 1.5). There was no indication

of the severity of these bleeds.

Cranial nerve injuries

Four trials reported cranial nerve palsies. Eleven per cent of pa-

tients in the local anaesthesia group had cranial nerve injuries com-

pared with 9.7% of general anaesthesia patients. There was no sta-

tistically significant difference between the groups (Peto OR 1.17,

95% CI 0.95 to 1.44, Analysis 1.6).

Pulmonary complications

One trial reported on pulmonary complications (Kasprzak 2006),

and found no statistically significant difference in the rate of pneu-

monia under local anaesthesia compared with general anaesthesia.

The GALA trial reported on pulmonary embolism as an outcome

and reported no events in either treatment group (GALA 2008).

Blood pressure

Twelve trials recorded blood pressure during and after surgery.

However, the studies did not consistently report the number of

patients with significant hypotension or hypertension or mean ar-

terial pressure during and after surgery. Furthermore, the defini-

tions of hypertension and hypotension varied between trials. We

have therefore simply described the results.

Six reported that blood pressure dropped in the general anaesthesia

group after induction of anaesthesia (Forssell 1989; Pluskwa 1989;

Prough 1989; McCarthy 2004; Sindelic 2004; GALA 2008). In

one trial, more patients in the general anaesthesia group had sig-

nificant hypotension during or after surgery compared with the

local anaesthesia group (25% versus 7%) (Forssell 1989). How-

ever, this was not confirmed in another trial (Pluskwa 1989).

The GALA trial reported on the manipulation of blood pressure

(GALA 2008). More general anaesthesia than local anaesthesia pa-

tients had their blood pressure manipulated up (43% compared

with 17%), and more local anaesthesia patients had their blood

pressure manipulated down or not manipulated at all (74% com-

pared with 41%) during or after surgery. The difference in blood

pressure manipulation between the two trial arms was statistically

significant (GALA 2008).

Five trials showed that blood pressure tended to increase during

clamping of the carotid artery in the local anaesthesia group com-

pared with the general anaesthesia group (Forssell 1989; Pluskwa

1989; Prough 1989; Gimenez 2004; Luchetti 2008) but this was

not found in another trial (McCarthy 2004). In two trials, there

were significantly more patients with hypertension in the local

anaesthesia group during surgery than in the general anaesthesia

group (Forssell 1989: 36% versus 0%; Pluskwa 1989: 80% versus

20%). Three trials reported that during surgery the mean arte-

rial pressure in the local anaesthesia group was higher than in the

general anaesthesia group (Mrozek 2007; Luchetti 2008; Moritz

2010). Two studies suggested that hypotension was more common

in the postoperative period with local anaesthesia than with gen-

eral anaesthesia (Pluskwa 1989; Prough 1989). Two trials found

that patients operated on under general anaesthesia had more post-

operative (within day one) hypertension than those operated on

under local anaesthesia (Gimenez 2004; Kasprzak 2006).

Shunting

Eight studies reported the number of arteries shunted. The use

of local anaesthetic was associated with significantly fewer shunts

than general anaesthetic. Fifteen per cent of patients in the local

anaesthesia group had their arteries shunted compared with 42%

of of patients in the general anaesthesia group. As there was sig-

nificant heterogeneity between studies (I² = 91%), we used the

random-effects model to pool the results (OR 0.24, 95% CI 0.08

to 0.73, Analysis 1.7).

Hospital stay

The duration of hospital stay was reported in three trials (Binder

1999; McCarthy 2004; GALA 2008). The average time in hos-

pital was not significantly different between the local and general

anaesthesia groups.

Patient satisfaction

Patient satisfaction was formally assessed in one study (McCarthy

2004). There was no statistically significant difference in satis-

faction between anaesthetic techniques. In Forssell 1989, of the

three patients who had repeat carotid endarterectomies (having

had a local anaesthetic for the first operation) none refused re-

peat randomisation (Forssell 1989). Forssell 1989 reported that

one patient in the local anaesthesia group became extremely agi-

tated during the procedure. Another trial evaluated patient satis-

faction by a questionnaire (Binder 1999). They found that both

types of anaesthesia were equally acceptable but the publication

did not describe the questionnaire in detail. All patients preferred
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the same type of anaesthesia if they needed a second operation,

except one patient in the local anaesthesia group (total 27 patients)

who wished to have general anaesthesia for any further surgery.

Mrozek 2007 asked patients about any unpleasant sensations after

surgery and during the postoperative period. A minimum amount

of unpleasant sensation was reported for both types of anaesthetic

after surgery and during the postoperative period (Mrozek 2007).

Surgeon satisfaction

The satisfaction or preference of the surgeon was not assessed in

any of the trials.

Feasibility of performing operation under local

anaesthetic

One trial recorded the number of patients randomised to have

surgery under local anaesthesia, but who had surgery under general

anaesthesia (Forssell 1989). Eight patients crossed over from local

to general anaesthesia whilst none switched from general to local

anaesthesia. The most common reasons for cross-over were that

the patient changed his or her consent or that the patient had un-

stable cardiac disease. Seven out of eight patients had their anaes-

thetic changed before the procedure was started. In another trial,

six patients were switched from local to general anaesthesia due

to severe agitation (three patients), insufficient anaesthesia under

local anaesthesia (two patients), and intravascular injection dur-

ing application of local anaesthetic agent (one patient) (Kasprzak

2006). Three out of six patients had their anaesthetic changed be-

fore the procedure was started. No general anaesthesia cases were

switched to local anaesthesia in this study (Kasprzak 2006). In the

GALA trial, 167 patients were crossed over before initiation of

anaesthesia: 75 patients crossed over from local to general anaes-

thesia whilst 92 switched from general to local anaesthesia (GALA

2008). Patients allocated to general anaesthesia were more likely

to cross over due to a medical decision, whereas patients allocated

local anaesthesia were more likely to cross over due to the patient’s

preference. Sixty-nine out of 1771 (3.9%) local anaesthesia pa-

tients were switched to general anaesthesia after initiation of anaes-

thesia, 17 before and 52 after the start of surgery. In one trial, two

patients switched from local to general anaesthesia (Moritz 2010)

and in another trial, no patients switched from local anaesthesia

to general anaesthesia (Mrozek 2007).

D I S C U S S I O N

Summary of main results

We identified 14 studies comparing adverse outcomes for carotid

endarterectomy performed under local anaesthesia with adverse

outcomes for carotid endarterectomy performed under general

anaesthesia. Meta-analysis of the randomised studies showed that

there was no statistically significant difference between the anaes-

thesia groups in the proportion of patients who had a stroke, or

died or a myocardial infarction within 30 days of surgery.

Overall completeness and applicability of
evidence

The pooled analyses showed no statistically differences in the rate

of stroke or death between the two types of anaesthetic technique

used during carotid endarterectomy. There was a non-significant

trend towards lower operative mortality with local anaesthesia

(Peto OR 0.62, 95% CI 0.36 to 1.07), but neither the GALA 2008

study nor the pooled analysis were adequately powered to reliably

detect an effect on mortality. It is unlikely that a sufficiently large

(about 20,000 patients) randomised trial will be performed in the

foreseeable future to confirm or refute this possible effect on mor-

tality.

Twelve trials recorded blood pressure during and after surgery, but

these data were difficult to interpret. It is interesting to note that

two studies suggested that hypotension was more common in the

postoperative period with local anaesthesia (Pluskwa 1989; Prough

1989). This is may be due to the high rate of blood pressure being

manipulated down, but we could not find any hard evidence to

support this at the present time.

The choice of anaesthetic technique will therefore depend on the

clinical situation and the preferences of individual patients and

their surgeon. In some patients the operation may be technically

more difficult under local anaesthesia (e.g. in patients with short,

wide necks). Some patients, perhaps as many as 10%, will refuse

to have the operation under local anaesthesia (Forssell 1989), and

some surgeons may feel more comfortable performing the opera-

tion under general anaesthesia.

GALA 2008 was also designed to determine whether the type

of anaesthesia influenced the cost of endarterectomy. These data

showed that the expected costs of carotid endarterectomy under lo-

cal anaesthesia are less than those under general anaesthesia (mean

difference GBP 178) (Gomes 2010). This difference was mainly

due to the longer length of stay in an intensive care unit and the

use of consumables such as shunts and patches. A post hoc sub-

group analysis (40 patients) from the GALA 2008 study inves-

tigated the influence of local versus general anaesthesia on post-

operative neurocognitive function. This study showed that local

anaesthesia beneficially influenced early postoperative neurocog-

nitive functions. Mazul-Sunko 2010 found shunting to be the only

parameter associated with neurocognitive decline on the first day

after carotid endarterectomy. Local anaesthesia was hypothesised

to offer an indirect benefit due to the reduced rate of shunting

(Mazul-Sunko 2010). However, given the small size of these stud-

ies, early postoperative neurocognitive function requires further

investigation (Weber 2009).
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Quality of the evidence

There were significant problems in the quality of the randomised

trials. The method used for allocation concealment was inade-

quately reported in most of the included studies. The duration

of follow-up was short in all included studies. It was also unclear

in most of the studies whether the outcomes had been assessed

blind to treatment allocation. It is well known that studies that

have neurologists as assessors are associated with higher stroke and

death rates (Rothwell 1996; Rerkasem 2009). Only two studies

reported that they had neurologists as blinded assessors (Kasprzak

2006; GALA 2008). At least five of the trials excluded some ran-

domised patients from the analysis, especially patients who crossed

over anaesthetic type (Forssell 1989; Binder 1999; Sbarigia 1999;

GALA 2008; Moritz 2010). If excluded patients differed from

those patients who remained in the analysis, the results may be

biased.

Potential biases in the review process

Many studies reported the number of arteries rather than the num-

ber of patients. Also, it was not clear how many of the strokes

were ipsilateral, and how many were disabling. Few trials assessed

patients’ or surgeons’ satisfaction or preference, or the duration of

intensive care and overall hospital stay.

There was marked heterogeneity between studies in the use of

shunts with both types of anaesthesia. This in part may be reflected

by the different policies in shunting between studies. For exam-

ple, in the Binder 1999 study all patients were shunted irrespec-

tive of treatment allocation. All patients in the local anaesthetic

group were shunted despite the fact that surgeons preferred local

anaesthetic due to the low rate of shunting. Apart from this trial,

the remaining seven RCTs in the pooled analysis used selective

shunting. For six RCTs, although the indication of shunting in

the local anaesthesia group was not markedly different, the indica-

tion for shunting in the general anaesthesia group varied consid-

erably. One study used stump pressure measurement and clinical

judgment (Forssell 1989), while another study used a mix of tran-

scranial Doppler, stump pressure measurement, EEG, and clini-

cal judgment (GALA 2008). Although another two studies used

somatosensory evoked potentials, the indication was not identi-

cal (Kasprzak 2006; Moritz 2010). One trial carried out shunt-

ing routinely, but the actual rate of shunting was 82% because of

expected technical difficulties with shunt insertion in 18% of the

cases in the general anaesthetic group (Mazul-Sunko 2010).The

remaining three RCTs did not report the indication for shunting

in the general anaesthesia group (Sbarigia 1999; Mrozek 2007;

Moritz 2010). All of these differences may explain the consider-

able heterogeneity in the use of shunts.

Agreements and disagreements with other
studies or reviews

It is also interesting to note that in our previous review, the non-

randomised studies showed consistently lower risks of operative

stroke and death when carotid endarterectomy was done under

local anaesthesia (Rerkasem 2008). With the addition of GALA

2008 study the meta-analyses show that these apparent differ-

ences were probably due to biases in the non-randomised com-

parisons, illustrating the importance of adequately powered ran-

domised controlled trials (Collins 2001).

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The proportion of patients who had a stroke or died within 30

days of surgery did not differ significantly between the two types of

anaesthetic techniques used during carotid endarterectomy. This

systematic review provides evidence to suggest that patients and

surgeons can choose either anaesthetic technique, depending on

the clinical situation and their own preferences.

Implications for research

There was a non-significant trend towards lower operative mor-

tality with local anaesthesia. However, our pooled analysis was not

adequately powered to reliably detect an effect on mortality. More

randomised controlled trials comparing local anaesthesia with gen-

eral anaesthesia are needed to assess the potential beneficial effect

on mortality.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Binder 1999

Methods RCT

Block randomisation

Blinding: unclear

C: unclear

Cross-over: yes, but number excluded during trial was unclear

Losses to FU: none

Participants Austria 1999

46 patients (46 operations)

Age mean: 73 years (LA), 68 years (GA)

Sex: unclear

Comparability: unclear

Indications for surgery: TIA, stroke, incidental diagnosis of carotid stenosis

Interventions LA: superficial and deep block with bupivacaine

GA: thiopental, vecuronium, fentanyl

Patching: all cases

Antiplatelet Rx: unclear

Indication for shunting: all patients

Outcomes Death, any stroke, TIA, myocardial infarction, time in hospital since surgery, bleeding,

mean arterial blood pressure, shunted arteries

Notes FU: 48 hours

Ex: recent neurological deficit < 4 weeks, redo operation, recent myocardial infarction(<

2 months), ASA score ≥ 4, and any factor precluding randomisation such as pulmonary

disease or refusal to participate in the study

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “46 Patienten nach Aufklarung and

Unterzeichnung einer Einverstandniserk-

larung in die Studie aufgenommen und

prospektiv randomisiert untersucht”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group
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Binder 1999 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) Low risk All the study’s prespecified outcomes of in-

terest were reported

Other bias High risk Not reported

Forssell 1989

Methods RCT

C: unclear

Blinding: unclear

Sequentially numbered envelope

Cross-overs: 8 LA performed under exclusions during trial: 8 cross-overs

Losses to FU: none

Participants Sweden 1985 to 1987

100 patients, 111 operations

Age (mean): 66 years (LA), 63 years (GA)

Male: 71% (LA), 64% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: cervical block and skin infiltration with bupivacaine and mepivacaine or adrenaline

GA: thiopental, isoflurane and bupivacaine or adrenaline skin infiltration

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting: LA: neurological symptoms during/or after 1 minute test clamp;

GA: stump pressure < 25 mmHg in TIA, stump pressure < 50 mmHg in vertebrobasilar

insufficiency, always if previous stroke

Outcomes Death, any stroke, myocardial infarction, wound haematoma, blood pressure, shunted

arteries

Notes FU: hospital stay

Ex: consent refused, allergy to LA, ongoing heparin infusion, serious chronic cerebral

insufficiency, uneasy during previous LA, randomisation miss, anxiety, simultaneous

aortic repair, emergent operation

Risk of bias

Bias Authors’ judgement Support for judgement
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Forssell 1989 (Continued)

Random sequence generation (selection

bias)

Unclear risk Quote: “The remaining patients were ran-

domised on 111 occasions into two groups,

which were comparable (Table 2)”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) High risk No prespecified outcomes were reported.

Other bias High risk Not reported

GALA 2008

Methods RCT

C: central trial office allocate and concealment

Blinding: single blinding - independent assessor

Block randomisation

Cross-overs: 92/1751 (5.3%) GA patients and 75/1771 (4.2%) LA patients went to

theatre, but received the opposite treatment allocation to that allocated at randomisation

Losses to FU: 3/3523 (0.09%)

Participants Multicentre RCT conducted mainly in Europe (95 centres), in 24 countries 2003 to

2008

3526 operations

Age (mean): 69 years (LA), 70 years (GA)

Male: 71% (LA), 70% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: all patients with symptomatic or asymptomatic carotid stenosis

for whom surgery was advised

The reasons for using shunt varied in both the LA and GA groups depending on the

practice of each trial site

These reasons included: used routinely, drop velocity on TCD, unable to use TCD, con-

tralateral occlusion or near occlusion, low stump pressure, contralateral carotid stenosis,

recent stroke, unusual or damaged vein or arteries in head or neck, EEG or evoked po-

tential change, blood pressure drop, falling brain oxygen level, operation converted to

vein bypass and unknown

Interventions LA versus GA
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GALA 2008 (Continued)

Outcomes Primary outcome: proportion of patients alive, stroke free (including retinal infarction)

and without myocardial infarction 30 days post-surgery

Secondary outcomes: proportion alive and stroke free at 1 year and in the longer term,

a comparison of health-related quality of life at 30 days and any surgical adverse events,

re-operation and re-admission rates, the relative cost of the 2 methods of anaesthesia,

length of stay and intensive and high dependency bed occupancy

Notes FU: perioperative period (30 days after operation) and 1 year follow up

Ex: a simultaneous bilateral carotid endarterectomy or carotid endarterectomy combined

with another operative procedure such as coronary artery bypass surgery

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Central computerised randomisation

Allocation concealment (selection bias) Low risk Quote: “the office randomised patients to

surgery under either general or local anaes-

thesia, stratified by centre and with bal-

anced blocks of variable size, ensuring that

allocation was completely concealed before

the decision to randomise a patient and af-

ter baseline data were received”

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Quote: “we could not blind patients or the

surgical team to randomised treatment al-

location”

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “However, the independent stroke

physician or neurologist who saw patients

1 month after surgery was unaware of the

type of anaesthesia that the patients had

received, although this blinding could be

broken by the patient or by looking at hos-

pital notes”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Quote in Figure 1: “21 incomplete follow-

up, 1 no follow-up at all, 1 no post-surgery

form, 19 no physician follow-up at one

month five of these had patient follow-up

at 1 year”

Selective reporting (reporting bias) Low risk All data were analysed and reported as pre-

defined
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GALA 2008 (Continued)

Other bias Low risk Measurement bias:

Quote: “a neurologist (CPW), unaware

of treatment allocation, then prepared a

summary for every patient that, depending

on the outcome, was audited by an inde-

pendent neurologist (PMR) or cardiologist

(APB), who were also unaware of treatment

allocation”

Quote: “Data were analysed by the trial

statistician (SCI) and reviewed annually in

strict confidence by the Data Monitoring

Committee. Everyone else involved in the

study was unaware of the treatment alloca-

tion until the database was locked”

Funding bias:

Quote: “The funding source had no role

in the study design, data collection, data

analysis, data interpretation or writing of

the report”

Gimenez 2004

Methods RCT

C: unclear

Blinding: unclear

Cross-over: unclear

Exclusion during trial: unclear

Losses to FU: unclear

Participants Spain 1999 to 2001

93 patients and 93 operations

Age: not indicated

Male proportion: unclear

Comparability: not reported

Indication for surgery: not reported

Interventions LA: not reported

GA: not reported

Patching and antiplatelet Rx: not reported

Indication for shunting: reported

Outcomes Blood pressure

Notes FU: probably hospital discharge

Ex: not reported

Data were extracted only from abstract and we could not contact the authors of this

publication
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Gimenez 2004 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “In a prospective randomised study

between 1999 and 2001, 93 patients un-

derwent carotid endarterectomy, 47 under

GA and 46 under LRA”

Allocation concealment (selection bias) High risk Not reported (only abstract available)

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported (only abstract available)

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported (only abstract available)

Selective reporting (reporting bias) High risk No prespecified outcomes were reported

Other bias High risk Not reported (only abstract available)

Kasprzak 2006

Methods RCT

C: unclear

Blinding: independent neurologist

Cross-over: 6 patients change from LA to GA

Exclusion during trial: none

Losses to FU: none

Participants Germany 2006

186 patients,186 operations

Age (mean): 69 years (LA), 69 years (GA)

Male: 67% (LA), 61% (GA)

Comparability: group similar for vascular risk factors

Indication for surgery: asymptomatic carotid stenosis > 80% or symptomatic carotid

stenosis > 70%

Interventions LA: superficial and deep cervical plexus block by 0.5% bupivacaine + 1% prilocaine

GA: fentanyl, etomidate, vecuronium, isoflurane

Patching and antiplatelet: not reported

Indication for shunting: LA: motor deficit, aphasia and loss of consciousness during

carotid artery clamping; GA: decrease > 30% of amplitude in the baseline somatosensory
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Kasprzak 2006 (Continued)

evoked potential

Outcomes Death, stroke, myocardial infarction, cranial nerve injury, blood pressure, shunting

Notes FU: possibly hospital stay

Ex: not meeting inclusion criteria, refused to participate, recalled consent, temporarily

not operable, pilot study and other reason

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “randomized by computer random

list for one type of anesthesia”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Quote: “a neurological evaluation by a neu-

rologist and a routine postoperative CT

scan were done on day b2 or 3 after surgery.

The neurologist was not informed about

the type of anesthesia”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Quote in Figure 1: “received allocated treat-

ment n = 95 analysed n = 95”

Selective reporting (reporting bias) Low risk All the study’s prespecified outcomes of in-

terest were reported

Other bias High risk Not reported

Luchetti 2008

Methods RCT

C: unclear

Blinding: unclear

Cross-over: unclear

Exclusion during trial: unclear

Losses to FU: unclear

Participants Italy 2008

28 patients, 28 operations

Age/male: unclear, but publication indicated that demographic data and baseline haemo-

dynamic values are comparable
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Luchetti 2008 (Continued)

Indication for surgery: unclear

Interventions LA: superficial cervical plexus block by 0.5% ropivacaine 30 cc

GA: superficial cervical plexus block with continuous infusion of remifentanil, propofol

with intubation and mechanical ventilation

Patching and antiplatelet: not reported

Indication for shunting: LA: following carotid clamping, change in mental evaluation

defined as agitation, confusion, contralateral weakness, seizure, unresponsiveness

Outcomes Hemodynamic stability (mean arterial pressure), death, neurological deficit, cardiopul-

monary complication

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “They were randomly assigned by

means of a computer-generated random

number table to receive 1 of 2 anaesthesia

techniques”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) High risk Not all prespecified outcomes were re-

ported, namely time to recovery of

consciousness, perioperative complications

such as nausea, vomiting, sweating, and

grade on pain perception and comfort

Other bias High risk Not reported
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Mazul-Sunko 2010

Methods RCT

C: unclear

Blinding: unclear

Cross-over: unclear

Exclusion during trial: unclear

Losses to FU: unclear

Participants Croatia 2010

57 patients, 57 operations

Mean age: 66.2 years (LA); 66 years (GA)

Percentage of male: 89.6% (LA) and 85.7% (GA)

Demographic data and baseline data are comparable

Indication for surgery: carotid stenosis 70% or more

Interventions LA: superficial cervical plexus block by levobupivacaine (1.5 mg/kg) and supplemental

infiltration by surgeons with 1% lidocaine

GA: etomidate in a dosage of 0.2 mg/kg and fentanyl (3 microgram/kg) for indication,

vecuronium (0.08 mg/kg) for paralysis, maintain with isoflurane 0.7 to 1.2 MAC in a

mixture of oxygen and nitrous oxide 50%:50%. Reversal with neostigmine (2.5 mg) and

atropine (1 mg)

Indication for shunting: LA: following carotid clamping, neurological deficit. GA : rou-

tine shunting was used except when technical difficulties

Outcomes Stroke, death, myocardial infarction, shunting

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “Elective carotid CEA

were prospectively randomised to received

either general or regional anaesthesia”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) Low risk All prespecified outcomes were reported
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Mazul-Sunko 2010 (Continued)

Other bias High risk Not reported

McCarthy 2004

Methods RCT

C: unclear

Blinding: not reported

Cross-over: not reported

Exclusion during trial: none

Losses to FU: none

Participants UK 2004

176 patients and 176 operations

Age (mean): 71 years (LA), 72 years (GA)

Male: 61% (LA), 68% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: not reported

GA: not reported

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Stroke, TIA, myocardial infarction, wound complication

Notes FU: probably in-hospital stay

Ex: not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote:“The CEA-

EQ questionnaire was administered to 176

CEA patients, prospectively randomised to

either GA or LA in two hospitals, the Royal

United Hospital Bath and The General In-

formary, Leeds”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

25Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



McCarthy 2004 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) High risk No prespecified outcomes were reported

Other bias High risk Not reported

Moritz 2010

Methods RCT

Computer random

Blinding: not reported

Cross-over: 2 patients crossed over from LA to GA but these 2 patients were excluded

from study

Exclusion during trial: 6 (2 withdrawal of consent, 4 incomplete data)

Losses to FU: not report

Participants Germany 2010

96 patients, 96 operations

Age (mean): of all participants, 69 years

Male: 68.8% (LA), 70.8% (GA)

Comparability for vascular risk factors, preoperative symptom, ASA classification

Indication for surgery: symptomatic 70% to 99%, asymptomatic 80% to 99%

Interventions LA: superficial + deep cervical block by 1% prilocaine

GA: fentanyl, propofol, rocuronium and anaesthesia maintain by inspired sevoflurane,

bolus fentanyl

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting for LA group was any neurological deterioration like speech

abnormality, hemiparesis, or impaired consciousness

The indication for shunting in the GA group was N20/P25 amplitude of the somatosen-

sory evoked potential decreased to or below 30% of the baseline value

Outcomes Stroke, myocardial infarction, cardiopulmonary data (blood pressure, heart rate), com-

parison neuromonitoring various method i.e. stump pressure, transcranial Doppler, near-

infrared spectroscopy, somatosensory evoked potentials

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Moritz 2010 (Continued)

Random sequence generation (selection

bias)

Low risk Quote: “All patients were randomised to ei-

ther sevoflurane/fentanyl anaesthesia (GA

= general anaesthesia) or regional anaesthe-

sia (RAI) using a computerized system”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk Quote: “a total of 106 patients were

randomised to the sevoflurane/ fentanyl

(n=53) and regional (n=53) anaesthesia

groups. Four patients were excluded be-

cause of withdrawal of consent (2 in each

group), 2 patients because of conversion to

general anaesthesia, and 4 patients because

of incomplete data acquisition (3 in GA

and 1 in RA). Thus, the final analysis was

conducted in 96 patients (GA: n=48; RA:

n=48)”

Selective reporting (reporting bias) High risk All prespecified outcome were reported

Other bias High risk Not reported

Mrozek 2007

Methods RCT

C: unclear

Blinding: not reported

Cross-over: no crossovers from LA to GA

Exclusion during trial: not report

Losses to FU: not report

Participants Olomouc 2007

80 patients, 80 operations

Age (mean): 67 years (LA), 67 years (GA)

Male: 55% (LA), 87.5% (GA)

Comparability for vascular risk factors: not reported

Indication for surgery: not reported

27Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Mrozek 2007 (Continued)

Interventions LA: superficial + deep cervical block by 0.5% bupivacaine under neurostimulator

GA: intravenous etomide, thiopental, atracurium, midazolam, fentanyl and atracurium

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting in LA group was loss of consciousness and loss of motor function

following carotid clamping

Indication for shunting in GA group: not reported

Outcomes Hemodynamic parameter (blood pressure, pulse rate) death, stroke, myocardial infarc-

tion, patients’ subjective feeling

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Quote: “the patients were randomised into

two groups according to the first six digits

of their date of birth (YYMMDD): odds to

CB and even to GA”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) Low risk All prespecified outcomes were reported

Other bias High risk Not reported
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Pluskwa 1989

Methods RCT

C: random number list

Blinding: unclear

Cross-overs: none

Exclusions during trial: none

Losses to FU: none

Participants France 1989

20 patients, 20 operations

Age (mean): 66 years (LA), 63 years (GA)

Male: 90% (LA), 70% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: epidural (C7-T1) by bupivacaine and fentanyl

GA: flunitrazepam, fentanyl, vecuronium

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death, any stroke, myocardial infarction, blood pressure

Notes FU: probably hospital discharge

Ex: bleeding risk, on anticoagulants

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “La veille de l’intervention. ces pa-

tients ont ete repartis en deux groupes par

tirage au sort a partir d’une serie de nom-

bres au hasard”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) High risk Not all prespecified outcomes were re-

ported, namely heart rate
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Pluskwa 1989 (Continued)

Other bias High risk Not reported

Prough 1989

Methods RCT

C: unclear

Blinding: unclear

Cross-overs: none

Exclusions during trial: none

Losses to FU: none

Participants USA 1989

23 patients, 23 operations

Age (mean): 67 years (LA), 61 years (GA)

Male: 69% (LA), 40% (GA)

Comparability: groups similar for preoperative physical status

Indication for surgery: not reported

Interventions LA: superficial cervical block

GA: thiopental, pancuronium, isoflurane

Patching and antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death, any stroke, myocardial infarction, blood pressure

Notes FU: probable hospital discharge

Ex: 5 patients refused GA so not randomised

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote: “Patients who consented to either

form of anaesthesia were randomised to re-

ceived regional or general anaesthesia”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported
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Prough 1989 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

High risk Not reported

Selective reporting (reporting bias) High risk Not all prespecified outcomes were re-

ported, namely intraoperative and post-

operative intravenous fluid administration

and urine output

Other bias High risk Not reported

Sbarigia 1999

Methods RCT

Randomisation: casual number

C: unclear

Blinding: assessor (neurologist)

Cross-overs: 2 exclusions during trials

Losses to FU: 18

Participants Italy 1995 to 1998

107 patients, 107 operations

Age (mean): 69.0 years (LA), 70.4 years (GA)

Males: 87.3% (LA), 88.5% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: TIA, asymptomatic carotid stenosis > 70%, stroke

Interventions LA: superficial and deep cervical block with bupivacaine

GA: alfentanil + propofol or sodium thiopental + fentanyl + isoflurane or vecuronium +

nitrous oxide

Patching: LA 36.4%, GA 23.1%

Antiplatelet Rx: not reported

Indication for shunting: LA: neurological test (toy-squeaker squeezing test); GA: not

reported

Outcomes Death, any stroke, myocardial infarction, TIA, bleeding, cranial nerve injuries, shunted

arteries

Notes FU: 30 days

Ex: clinical signs of congestive heart disease, severe valvular heart disease, unstable angina,

left bundle branch block (by ECG)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “randomization by means of causal

numbers”
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Sbarigia 1999 (Continued)

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk 2 cross from LA to GA, no drop outs

Quote: “two patients were excluded af-

ter randomisation and the operations were

done under GA”; “in both cases, the anaes-

thesiologist considered the infiltration of

LA to be dangerous”

Selective reporting (reporting bias) High risk No prespecified outcome was available

Other bias High risk Not reported

Sindelic 2004

Methods RCT

Randomisation, concealment and blinding of assessor: unclear

Cross-over: unclear

Losses to FU: unclear

Participants Serbia

50 patients, 50 operations

Mean age: 64.4 years (GA), 65.9 years (LA)

Comparability of 2 groups in vascular risk factors

Indication for surgery: unclear

Males: 56% (GA), 52% (LA)

Interventions LA: superficial and deep cervical plexus block: superficial block was done with 15 cc 0.

5% bupivacaine and 5 cc 2% lidocaine injection along posterior border of sternocleido-

mastoid muscle

Deep cervical block was performed with 3 injection techniques for blockages of C2, C3

and C4 segment

GA: thiopental + fentanyl + rocuronium

Patching and antiplatelet Rx and indication for shunting: not reported

Outcomes Blood pressure

Notes FU and Ex: unclear

Risk of bias
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Sindelic 2004 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “ Bolesnici su randomizirani u

jednu od dve grupe, shodno anestezi-

oloskim postupeima koji ce se sprovesti u

toku operaciji: grupe opste anestezije (OA)

i grupe regionalne anesezije (RA).”

Allocation concealment (selection bias) High risk Not reported

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Patients and surgeons were not blinded to

treatment group

Blinding of outcome assessment (detection

bias)

All outcomes

High risk Not reported

Incomplete outcome data (attrition bias)

All outcomes

Low risk No patients lost

Selective reporting (reporting bias) High risk Selected to report parameters only at T2

time which is the only one that is significant

but not pre-specified

Quote: “Zbog znacajna medjugrupna u

grupi OA postojiu vremenu T2 i znacajna

razlika u tom vremenu (OA vs RA,p < 0.

01)”

Other bias High risk Not reported
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ASA: American Society of Anaesthesiologists

C: concealment of allocation

CABG: coronary artery bypass grafting

CT: computerised tomography

EEG: electroencephalography

Ex: exclusion criteria

FU: follow up

GA: general anaesthetic

ICA: internal carotid artery

ICU: intensive care unit

IHD: ischaemic heart disease

LA: local anaesthetic

MCA: middle cerebral artery

RCT: randomised controlled trial

Rx: therapy

TCD: transcranial doppler

TIA: transient ischaemic attack

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ebner 2008 Randomised allocation was based on the rotation of two anaesthetists who could perform cervical plexus block
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D A T A A N D A N A L Y S E S

Comparison 1. Local versus general anaesthetic: randomised trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Any stroke within 30 days of

operation

12 4453 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.92 [0.67, 1.28]

2 Death within 30 days of

operation

10 4181 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.61 [0.35, 1.06]

3 Stroke or death within 30 days

of operation

10 4181 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.85 [0.62, 1.16]

4 Myocardial infarction within 30

days of operation

11 4357 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.53 [0.67, 3.47]

5 Local haemorrhage 5 3976 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.95 [0.75, 1.19]

6 Cranial nerve injuries 4 3865 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.17 [0.95, 1.44]

7 Arteries shunted 8 4133 Odds Ratio (M-H, Random, 95% CI) 0.24 [0.08, 0.73]

Analysis 1.1. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 1 Any stroke

within 30 days of operation.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 1 Any stroke within 30 days of operation

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 0/27 0/19 0.0 [ 0.0, 0.0 ]

Forssell 1989 4/56 2/55 1.97 [ 0.38, 10.15 ]

GALA 2008 63/1771 68/1752 0.91 [ 0.64, 1.30 ]

Kasprzak 2006 2/91 1/95 2.05 [ 0.21, 19.96 ]

Luchetti 2008 0/14 0/14 0.0 [ 0.0, 0.0 ]

Mazul-Sunko 2010 0/29 0/28 0.0 [ 0.0, 0.0 ]

McCarthy 2004 3/88 3/88 1.00 [ 0.20, 5.07 ]

Moritz 2010 0/48 0/48 0.0 [ 0.0, 0.0 ]

0.1 0.2 0.5 1 2 5 10

Local better General better

(Continued . . . )
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(. . . Continued)

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Mrozek 2007 0/40 0/40 0.0 [ 0.0, 0.0 ]

Pluskwa 1989 0/10 1/10 0.14 [ 0.00, 6.82 ]

Prough 1989 0/13 0/10 0.0 [ 0.0, 0.0 ]

Sbarigia 1999 0/55 2/52 0.13 [ 0.01, 2.03 ]

Total (95% CI) 2242 2211 0.92 [ 0.67, 1.28 ]

Total events: 72 (Local), 77 (General)

Heterogeneity: Chi2 = 4.21, df = 5 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Not applicable
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Analysis 1.2. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 2 Death within

30 days of operation.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 2 Death within 30 days of operation

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 0/27 0/19 0.0 [ 0.0, 0.0 ]

Forssell 1989 0/56 1/55 0.13 [ 0.00, 6.70 ]

GALA 2008 19/1771 26/1752 0.72 [ 0.40, 1.30 ]

Kasprzak 2006 0/91 1/95 0.14 [ 0.00, 7.12 ]

Luchetti 2008 0/14 0/14 0.0 [ 0.0, 0.0 ]

Mazul-Sunko 2010 0/29 0/28 0.0 [ 0.0, 0.0 ]

Mrozek 2007 0/40 0/40 0.0 [ 0.0, 0.0 ]

Pluskwa 1989 0/10 0/10 0.0 [ 0.0, 0.0 ]

Prough 1989 0/13 0/10 0.0 [ 0.0, 0.0 ]

Sbarigia 1999 0/55 3/52 0.12 [ 0.01, 1.21 ]

Total (95% CI) 2106 2075 0.61 [ 0.35, 1.06 ]

Total events: 19 (Local), 31 (General)

Heterogeneity: Chi2 = 3.32, df = 3 (P = 0.34); I2 =10%

Test for overall effect: Z = 1.75 (P = 0.080)

Test for subgroup differences: Not applicable
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Analysis 1.3. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 3 Stroke or

death within 30 days of operation.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 3 Stroke or death within 30 days of operation

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 0/27 0/19 0.0 [ 0.0, 0.0 ]

Forssell 1989 4/56 3/55 1.33 [ 0.29, 6.09 ]

GALA 2008 71/1771 79/1752 0.88 [ 0.64, 1.23 ]

Kasprzak 2006 2/91 2/95 1.04 [ 0.14, 7.54 ]

Luchetti 2008 0/14 0/14 0.0 [ 0.0, 0.0 ]

Mazul-Sunko 2010 0/29 0/28 0.0 [ 0.0, 0.0 ]

Mrozek 2007 0/40 0/40 0.0 [ 0.0, 0.0 ]

Pluskwa 1989 0/10 1/10 0.14 [ 0.00, 6.82 ]

Prough 1989 0/13 0/10 0.0 [ 0.0, 0.0 ]

Sbarigia 1999 0/55 4/52 0.12 [ 0.02, 0.88 ]

Total (95% CI) 2106 2075 0.85 [ 0.62, 1.16 ]

Total events: 77 (Local), 89 (General)

Heterogeneity: Chi2 = 4.98, df = 4 (P = 0.29); I2 =20%

Test for overall effect: Z = 1.02 (P = 0.31)

Test for subgroup differences: Not applicable
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Analysis 1.4. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 4 Myocardial

infarction within 30 days of operation.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 4 Myocardial infarction within 30 days of operation

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 0/27 0/19 0.0 [ 0.0, 0.0 ]

Forssell 1989 2/56 1/55 1.94 [ 0.20, 19.01 ]

GALA 2008 9/1771 4/1752 2.14 [ 0.72, 6.36 ]

Kasprzak 2006 0/91 0/95 0.0 [ 0.0, 0.0 ]

Luchetti 2008 0/14 0/14 0.0 [ 0.0, 0.0 ]

Mazul-Sunko 2010 0/29 0/28 0.0 [ 0.0, 0.0 ]

McCarthy 2004 2/88 2/88 1.00 [ 0.14, 7.22 ]

Mrozek 2007 0/40 0/40 0.0 [ 0.0, 0.0 ]

Pluskwa 1989 0/10 0/10 0.0 [ 0.0, 0.0 ]

Prough 1989 0/13 0/10 0.0 [ 0.0, 0.0 ]

Sbarigia 1999 1/55 2/52 0.48 [ 0.05, 4.70 ]

Total (95% CI) 2194 2163 1.53 [ 0.67, 3.47 ]

Total events: 14 (Local), 9 (General)

Heterogeneity: Chi2 = 1.58, df = 3 (P = 0.66); I2 =0.0%

Test for overall effect: Z = 1.01 (P = 0.31)

Test for subgroup differences: Not applicable
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Analysis 1.5. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 5 Local

haemorrhage.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 5 Local haemorrhage

Study or subgroup Local General
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 1/27 1/19 0.7 % 0.69 [ 0.04, 11.94 ]

Forssell 1989 1/56 6/55 2.3 % 0.22 [ 0.05, 0.99 ]

GALA 2008 150/1773 146/1753 94.0 % 1.02 [ 0.80, 1.29 ]

Kasprzak 2006 2/91 4/95 2.0 % 0.53 [ 0.10, 2.67 ]

Sbarigia 1999 0/55 3/52 1.0 % 0.12 [ 0.01, 1.21 ]

Total (95% CI) 2002 1974 100.0 % 0.95 [ 0.75, 1.19 ]

Total events: 154 (Local), 160 (General)

Heterogeneity: Chi2 = 7.57, df = 4 (P = 0.11); I2 =47%

Test for overall effect: Z = 0.47 (P = 0.64)

Test for subgroup differences: Not applicable
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Analysis 1.6. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 6 Cranial nerve

injuries.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 6 Cranial nerve injuries

Study or subgroup Local General
Peto

Odds Ratio
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Binder 1999 0/27 0/19 0.0 [ 0.0, 0.0 ]

GALA 2008 213/1773 184/1753 1.16 [ 0.94, 1.43 ]

Kasprzak 2006 2/91 0/95 7.81 [ 0.48, 125.84 ]

Sbarigia 1999 2/55 2/52 0.94 [ 0.13, 6.90 ]

Total (95% CI) 1946 1919 1.17 [ 0.95, 1.44 ]

Total events: 217 (Local), 186 (General)

Heterogeneity: Chi2 = 1.84, df = 2 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 1.52 (P = 0.13)

Test for subgroup differences: Not applicable
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Analysis 1.7. Comparison 1 Local versus general anaesthetic: randomised trials, Outcome 7 Arteries

shunted.

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 1 Local versus general anaesthetic: randomised trials

Outcome: 7 Arteries shunted

Study or subgroup Local General Odds Ratio Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Binder 1999 27/27 19/19 0.0 [ 0.0, 0.0 ]

Forssell 1989 5/56 25/55 0.12 [ 0.04, 0.34 ]

GALA 2008 248/1730 738/1720 0.22 [ 0.19, 0.26 ]

Kasprzak 2006 19/91 10/95 2.24 [ 0.98, 5.13 ]

Mazul-Sunko 2010 1/29 23/28 0.01 [ 0.00, 0.07 ]

Moritz 2010 8/48 5/48 1.72 [ 0.52, 5.70 ]

Mrozek 2007 6/40 35/40 0.03 [ 0.01, 0.09 ]

Sbarigia 1999 5/55 6/52 0.77 [ 0.22, 2.68 ]

Total (95% CI) 2076 2057 0.24 [ 0.08, 0.73 ]

Total events: 319 (Local), 861 (General)

Heterogeneity: Tau2 = 1.84; Chi2 = 65.40, df = 6 (P<0.00001); I2 =91%

Test for overall effect: Z = 2.51 (P = 0.012)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Fewer shunts Local Fewer shunts General

A P P E N D I C E S

Appendix 1. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

#1 [mh ˆ“endarterectomy, carotid”]

#2 [mh “carotid arteries”/SU]

#3 [mh “carotid artery diseases”/SU]

#4 [mh “carotid arteries”]

#5 [mh “carotid artery diseases”]

#6 carotid:ti,ab

#7 #4 or #5 or #6

#8 [mh êndarterectomy]

#9 (endarterectom* or surg*):ti,ab

#10 #8 or #9
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#11 #7 and #10

#12 #1 or #2 or #3 or #11

#13 [mh anesthesia]

#14 [mh anesthetics]

#15 (anesthe* or anaesthe*):ti,ab

#16 [mh ˆ”cervical plexus”]

#17 (cervical NEXT block):ti,ab

#18 (bupivacaine or lidocaine or lignocaine or prilocaine or ropivacaine or mepivacaine or alfentanil or propofol or fentanyl or ketamine

or midazolam or sevoflurane or desflurane or etomidate or isoflurane):ti,ab

#19 #13 or #14 or #15 or #16 or #17 or #18

#20 #12 and #19

Appendix 2. MEDLINE searcg strategy (OVID)

1 Endarterectomy, carotid/

2 exp carotid arteries/su

3 exp carotid artery diseases/su

4 exp carotid arteries/

5 exp carotid artery diseases/

6 carotid.tw.

7 4 or 5 or 6

8 endarterectomy/

9 (endarterectom$ or surg$).tw.

10 8 or 9

11 7 and 10

12 1 or 2 or 3 or 11

13 exp anesthesia/

14 exp anesthetics/

15 (anesthe$ or anaesthe$).tw.

16 cervical plexus/

17 cervical block.tw.

18 (bupivacaine or lidocaine or lignocaine or prilocaine or ropivacaine or mepivacaine or alfentanil or propofol or fentanyl or ketamine

or midazolam or sevoflurane or desflurane or etomidate or isoflurane).tw.

19 or/13-18

20 12 and 19

21 exp animals/ not humans.sh

22. 20 not 21.

Appendix 3. EMBASE search strategy (OVID)

1. carotid artery surgery/ or carotid endarterectomy/

2. exp carotid artery/su [Surgery]

3. exp carotid artery disease/su [Surgery]

4. exp carotid artery/

5. exp carotid artery disease/

6. carotid.tw.

7. 4 or 5 or 6

8. endarterectomy/

9. (endarterectom$ or surg$).tw.

10. 8 or 9

11. 7 and 10

12. 1 or 2 or 3 or 11
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13. exp anesthesia/

14. exp anesthetic agent/

15. exp local anesthetic agent/

16. (anesthe$ or anaesthe$).tw.

17. cervical plexus/

18. cervical block.tw.

19. (bupivacaine or lidocaine or lignocaine or prilocaine or ropivacaine or mepivacaine or alfentanil or propofol or fentanyl or ketamine

or midazolam or sevoflurane or desflurane or etomidate or isoflurane).tw.

20. 13 or 14 or 15 or 16 or 17 or 18 or 19

21. 12 and 20

22. Randomized Controlled Trial/

23. Randomization/

24. Controlled Study/

25. control group/

26. clinical trial/ or phase 1 clinical trial/ or phase 2 clinical trial/ or phase 3 clinical trial/ or phase 4 clinical trial/ or controlled clinical

trial/

27. Double Blind Procedure/

28. Single Blind Procedure/ or triple blind procedure/

29. drug comparison/ or drug dose comparison/

30. “types of study”/

31. random$.tw.

32. (controlled adj5 (trial$ or stud$)).tw.

33. (clinical$ adj5 trial$).tw.

34. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.

35. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.

36. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.

37. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.

38. versus.tw.

39. (assign$ or allocat$).tw.

40. controls.tw.

41. trial.ti. or (RCT or RCTs).tw.

42. or/22-41

43. 21 and 42

44. (exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/) not

(human/ or normal human/ or human cell/)

45. 43 not 44

W H A T ’ S N E W

Last assessed as up-to-date: 30 September 2013.

Date Event Description

30 September 2013 New search has been performed The searches have been updated to September 2013.

We have identified four new randomised trials. The

total number of included trials is now 14 randomised

trials of 4596 operations. However, the four new trials

did not have any stroke or death events in the periop-

erative period, so the results for these outcomes have
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(Continued)

not changed

30 September 2013 New citation required but conclusions have not

changed

New first author. Conclusions unchanged

H I S T O R Y

Review first published: Issue 1, 1996

Date Event Description

30 November 2008 New search has been performed The searches have been updated and completed to

November 2008. In the year since the searches were

last completed in 2007, we have identified one new

randomised trial. This most recent study is the biggest

trial (3526 operations) in this systematic review. The

total number of included trials is now 10 randomised

trials of 4335 operations. The non-randomised stud-

ies, which are prone to bias and which were previously

included in the review, have now been removed from

this version

30 November 2008 New search has been performed The searches have been completed to November 2008.

In the three years since the previous version of this

Cochrane Review was published, there have been three

new randomised trials; the total number of included

trials is now ten randomised trials involving 4335 op-

erations

6 August 2008 New citation required but conclusions have not

changed

There has been a change of authorship.

15 April 2008 Amended Converted to new review format.

C O N T R I B U T I O N S O F A U T H O R S

Tanat Vaniyapong, Wilaiwan Chongruksut, Kittipan Rerkasem: designed the protocol, performed searches, selected studies for inclusion

or exclusion, extracted data and updated the review.
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D E C L A R A T I O N S O F I N T E R E S T

None known.

S O U R C E S O F S U P P O R T

Internal sources

• Faculty of Medicine, Chiang Mai University, Thailand.

• Center for Applied Science, Research Institute of Health Sciences, Chiang Mai University, Chiang Mai, Thailand.

External sources

• The Thailand Research Fund, Thailand.

• Stroke Prevention Research Unit, Nuffield Department of Clinical Neurosciences, University of Oxford, England, UK.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

The non-randomised studies, which are prone to bias and which were previously included in the review, have been removed.
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∗Anesthesia, General; ∗Anesthesia, Local; Clinical Trials as Topic; Endarterectomy, Carotid [∗adverse effects; methods]; Myocardial

Infarction [etiology]; Stroke [etiology]

MeSH check words

Humans

46Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



in collaboration with the Carotid Stenting Trialists� Collaboration
Rothwell

Gayané Meliksetyan, Peter A. Ringleb, Jean-Louis Mas, Martin M. Brown and Peter M. 
Emmanuel Touzé, Ludovic Trinquart, Rui Felgueiras, Kittipan Rerkasem, Leo H. Bonati,

With Validation in Randomized Trials
Stenting Versus Carotid Endarterectomy: Systematic Review of Observational Studies 

A Clinical Rule (Sex, Contralateral Occlusion, Age, and Restenosis) to Select Patients for

Print ISSN: 0039-2499. Online ISSN: 1524-4628 
Copyright © 2013 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Stroke 
doi: 10.1161/STROKEAHA.113.002756

2013;44:3394-3400; originally published online October 17, 2013;Stroke. 

 http://stroke.ahajournals.org/content/44/12/3394
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 http://stroke.ahajournals.org/content/suppl/2013/10/17/STROKEAHA.113.002756.DC1.html
Data Supplement (unedited) at:

  
 http://stroke.ahajournals.org//subscriptions/

is online at: Stroke  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer process is available in the

Request Permissions in the middle column of the Web page under Services. Further information about this
Once the online version of the published article for which permission is being requested is located, click 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Strokein
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from  by guest on December 9, 2013http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/content/44/12/3394
http://stroke.ahajournals.org/content/44/12/3394
http://stroke.ahajournals.org/content/suppl/2013/10/17/STROKEAHA.113.002756.DC1.html
http://stroke.ahajournals.org/content/suppl/2013/10/17/STROKEAHA.113.002756.DC1.html
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://www.lww.com/reprints
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/


3394

Carotid artery stenting (CAS) is being evaluated as a 
potential alternative to carotid endarterectomy (CEA) 

in patients with severe carotid artery stenosis. However, to 
date, randomized clinical trials have shown that, on average, 

CAS is associated with a higher procedural risk of stroke than 
CEA in patients with symptomatic stenosis,1,2 and that there 
are only limited data in patients with asymptomatic stenosis.2 
Nevertheless, because the risk of stroke after the perioperative 

Background and Purpose—Compared with carotid endarterectomy (CEA), carotid angioplasty and stenting (CAS) is 
associated with a higher risk of procedural stroke or death especially in patients with symptomatic stenosis. However, 
after the perioperative period, risk is similar with both treatments, suggesting that CAS could be an acceptable option in 
selected patients.

Methods—We performed systematic reviews of observational studies of procedural risks of CEA or CAS and extracted 
data on 9 predefined risk factors (age, contralateral carotid occlusion, coronary artery disease, diabetes mellitus, sex, 
hypertension, peripheral artery disease, and type and side of stenosis). We calculated pooled relative risks of procedural 
stroke or death. Factors with differential effects on risk of CAS versus CEA were identified by interaction tests and used 
to derive a rule. The rule was tested using individual patient data from randomized trials of CAS versus CEA from the 
Carotid Stenting Trialists’ Collaboration (CSTC).

Results—We identified 170 studies. The effects of sex, contralateral occlusion, age, and restenosis (SCAR) on the procedural risk 
of stroke or death differed. Patients with contralateral occlusion or restenosis and women <75 years were at relatively low risk 
for CAS (SCAR negative), with all others being high risk (SCAR positive). Among the 3049 patients in the CSTC validation, 
694 (23%) patients were SCAR negative. The pooled RR of procedural stroke and death with CAS versus CEA was 0.93 
(0.49–1.77; P=0.83) in SCAR-negative and 2.41 (1.68–3.45; P<0.0001) in SCAR-positive patients (P [interaction]=0.05).

Conclusions—The SCAR rule is potentially useful to identify patients in whom CAS has a similar risk of perioperative 
stroke or death to CEA.    (Stroke. 2013;44:3394-3400.)

Key Words: atherosclerosis ◼ carotid endarterectomy ◼ carotid stenosis ◼ carotid stenting ◼ meta-analysis  
◼ prevention ◼ systematic review
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period seems to be similar for CAS and CEA,3,4 it has been 
suggested that CAS may be an acceptable option in selected 
patients who have a low procedural risk of stroke or death, as 
indicated in European and American guidelines.5,6 However, 
there is no indication as to how patients with a low procedural 
risk can be identified. The combined analysis of the large 
European trials and North American trials of CEA versus 
CAS has shown that CAS was potentially as safe as CEA in 
younger patients,2,7 but there remains uncertainty whether age 
should be used alone as a selection criteria to identify poten-
tial candidates for CAS. Other clinical factors are likely to 
influence the relative procedural risks of the 2 techniques,8–12 
some of which were not addressed in analysis of the random-
ized trials, and other important groups, such as patients with 
restenosis, were either excluded from the trials or not reported 
separately.13 Moreover, the trials lack the statistical power to 
detect clinically important interactions between patient char-
acteristics and treatment effect.7

In contrast, numerous case series of patients undergoing 
CEA or CAS are available, and collectively provide data on 
the risk factors for procedural stroke and death for one or other 
procedure in several hundred thousand patients.8–12 We have 
shown previously that meta-analysis of risk associations from 
such studies provides reliable and highly consistent data on the 
clinical characteristics associated with procedural risk of CEA 
and CAS independently.7–18 To guide clinical decision making, 
we now aimed to use this approach to identify those predictors 
of procedural risk that differ significantly between CEA and 
CAS and might therefore be useful in determining which pro-
cedure is most appropriate in individual patients. We aimed to 
thereby derive a simple clinical risk rule to target CAS versus 
CEA and to validate the rule and determine its likely clinical 
use by using individual patient data from the randomized trials 
that directly compared CEA and CAS included in The Carotid 
Stenting Trialists’ Collaboration (CSTC) Database.7

Methods
Systematic Review of Observational Data
We updated our previous systematic reviews using the same selection 
criteria and search strategy as previously published,8–12,14 and follow-
ing the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations for reporting.15

Selection Criteria
Eligible studies were those which enrolled patients with symptomatic 
or asymptomatic stenosis located in the region of the carotid bifurca-
tion, treated by CAS or CEA, and in which the numbers of stroke or 
death could be extracted for any subgroup among a predefined list of 
9 risk factors: age (≥75–80 versus <75–80 years, ie, corresponding 
to the most common cutoffs used to separate elderly from nonelderly 
patients), contralateral carotid occlusion (severe stenosis was not con-
sidered), coronary artery disease, diabetes mellitus, sex (men versus 
women), hypertension, peripheral artery disease, type of stenosis 
(restenosis after CEA versus primary atherosclerotic disease), and 
side of stenosis (right versus left). These factors were identified as 
potentially relevant from previous systematic reviews or individual 
studies.8–12 Studies were considered irrespective of setting and lan-
guage. Observational studies were defined as cohorts or case series, 
including administrative databases, of patients undergoing CAS or 
CEA. We excluded studies that enrolled only specific populations 
(eg, postradiation stenosis, restenosis after CEA, and patients treated 
in an emergency context) and case reports.

Search Strategy
The search strategy was based primarily on an electronic search 
of 3 databases (Medical Literature Analysis and Retrieval System 
Online, Excerpta Medica, and the Cochrane Central Register of 
Controlled Trials databases) until July 1, 2011 (Table I in the on-
line-only Data Supplement). We hand-searched the references of all 
included articles and any relevant reviews. We also searched books 
of abstracts from recent conferences that were available online 
(Table II in the online-only Data Supplement), the US Clinical Trial 
Register (http://www.clinicaltrials.gov), the US Food and Drug 
Administration (http://www.fda.gov), and the European Medicines 
Agency (http://www.emea.europa.eu) databases.

Study Selection and Data Collection
Assessment of eligibility of studies was performed by 2 independent 
reviewers for CAS and CEA separately, from the titles and abstracts 
as previously reported.8–12 Final selection was made after reviewing 
full-text articles. Reviewers extracted information from the reports 
using a standardized data chart. For each report, a second reviewer 
ascertained the accuracy of data extracted by the first reviewer. Any 
disagreement was resolved by discussion.

The 3 large European randomized trials of CEA versus CAS 
in patients with symptomatic carotid stenosis (Endarterectomy 
Versus Angioplasty in Patients With Severe Symptomatic Carotid 
Stenosis [EVA-3S]; Stent-Protected Angioplasty versus Carotid 
Endarterectomy [SPACE]; International Carotid Stenting Study 
[ICSS]), which formed the CSTC,7 were used for the validation anal-
yses, and the data from these trials were therefore not included in the 
systematic review of risk associations.

Analysis
The primary outcome was the procedural risk of stroke or death (most 
commonly defined as the risk during the 30 days after the procedure). 
Secondary outcomes were stroke and any death separately. Nonfatal 
myocardial infarction was not included. For each of the 9 potential risk 
factors and separately for studies of CAS and of CEA, we calculated 
the relative risks (RR) of a procedural event in patients versus those 
without the risk factor. Because of differences between studies in which 
risk factor data were reported, the numbers of studies (and patients) 
included in each meta-analysis differed. In each meta-analysis, studies 
with no events occurring in all groups (ie, patients with and without 
the risk factor) did not contribute to the calculation of the pooled RR. 
However, when zero cell count was observed in 1 group only, we used 
a continuity correction, by adding a factor proportional to the reciprocal 
of the size of the contrasting study group to all cells.16 Homogeneity 
of RRs across studies in each meta-analysis was assessed using the I2 
statistic. I2>30% represents moderate heterogeneity, I2>50% substan-
tial heterogeneity, and I2>70% considerable heterogeneity. We report 
pooled RRs computed through DerSimonian–Laird random effects 
meta-analyses, although analyses using fixed-effect meta-analysis 
models according to the Mantel–Haenszel method showed consistent 
results. For each risk factor, we assessed whether the effect on the pro-
cedural risk of event differed between CAS and CEA by performing 
an interaction test using random effects meta-regressions. As is recom-
mended for such analyses, we considered a probability value of ≤0.10 
as evidence of statistically significant interaction.17

Derivation of the Rule
From the set of risk factors with differing effects between CAS and 
CEA (ie, with statistically significant interactions), we took the mag-
nitude and direction of interactions into account to determine the rule. 
If a large qualitative interaction was found (ie, when RRs were clearly 
in opposite directions or when the difference from unity was ≥0.50 
for the factor with the greater effect and ≤0.10 for the factor with the 
effect close to the unity), such a risk factor was considered sufficient 
by itself to identify low-risk patients. Otherwise, factors associated 
with a high risk after CAS scored +1 and those with a low risk scored 
−1. Patients with a total score <0 were categorized into low risk. In a 
secondary analysis, an alternative rule was also derived, in which all 
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factors were considered equivalent (high risk of CAS scores +1 and 
low risk for CAS scores −1), and patients were categorized according 
to the total score.

Validation of the Rule
After having derived the rule, P.M. Rothwell, E. Touzé, and L. 
Trinquart made a formal request to the CSTC to obtain a data set from 
EVA-3S, SPACE, and ICSS randomized trials to validate the rule.7 At 
no time, did these researchers have access to the data set before they 
derived the rule. A per-protocol individual data set including the 30-
day outcomes (stroke or death, stroke, death) occurrence and the risk 
factors selected for the clinical rule only were obtained. Definitions 
of outcomes and risk factors were already standardized across the 3 
trials.7 Patients were categorized into low or high risk according to 
the rule. We used a 2-stage meta-analytic approach.18 First, in each 
low-risk and high-risk category and for CAS and CEA separately, we 
calculated combined absolute risks of procedural stroke or death. We 
used a DerSimonian–Laird random effects model to combine abso-
lute risks across trials through the Freeman–Tukey variance stabiliz-
ing transformation.19 Second, in each low-risk and high-risk category, 
we computed combined RR of stroke or death in patients treated with 
CAS compared with patients treated with CEA. We tested for inter-
action of treatment effect between low- and high-risk patients using 
meta-regression. Given the a priori prediction that the RR of stroke or 
death occurring in patients treated with CAS compared with patients 
treated with CEA would be higher in CAS-higher-risk than in CAS-
lower-risk patients, we calculated a 1-sided probability value by us-
ing a Monte Carlo permutation test.20

Results
A total of 170 studies (227 articles, >70 000 patients) provided 
data for ≥1 of 9 potential risk factors: 115 studies (149 articles) 
relating to CEA and 68 studies (83 articles) relating to CAS, 
some being related to both CEA and CAS. The characteristics 

of these studies and the list of references are shown in Table I 
in the online-only Data Supplement.

The results of the meta-analyses of the RRs of stroke or 
death in relation to the 9 potential risk factors in CAS and 
CEA studies are shown in Figure  1. There was no or little 
heterogeneity between studies in RRs for age, contralateral 
occlusion, diabetes mellitus, sex, hypertension, and restenosis 
among either CAS or CEA studies. The effects of age, sex, 
contralateral occlusion, and restenosis on the procedural risk 
of stroke or death differed statistically significantly between 
CAS and CEA (interaction test probability value of <0.10). 
There was more heterogeneity in RR between CEA studies 
concerning coronary artery disease, stenosis side, and periph-
eral artery disease, but the effects of these variables on the 
procedural risk of stroke or death did not differ statistically 
significantly between CAS and CEA.

Age was associated with higher risks of procedural stroke 
or death for both CAS and CEA but the increase in risk was 
greater after CAS. Contralateral occlusion and female sex 
were associated with a higher risk of procedural stroke or 
death after CEA but had no significant influence on the risk 
after CAS. Compared with patients with primary atheroscle-
rotic disease, those with restenosis after CEA had a higher risk 
of procedural stroke or death when treated by CEA but a lower 
risk when treated by CAS. Analyses based on stroke only 
yielded qualitatively similar results (Figure I in the online-
only Data Supplement).

Therefore, the resulting rule was based on the presence or 
absence of the 4 following factors: sex, contralateral occlusion, 
age and restenosis (SCAR rule). Given the large qualitative 

Figure 1. Meta-analyses of the relative risk of stroke or death after carotid angioplasty and stenting (CAS) and carotid endarterectomy 
(CEA) according to the 9 potential risk factors. N indicates number of studies; n1, number of events in patients with clinical factor; N1, 
number of patients with clinical factor; n0, number of events in patients without clinical factor; N0, number of patients without clinical 
factor; Phet, Cochran homogeneity test probability value; Pint, P interaction; Psig, P significance; and RR, relative risk.
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effect of contralateral occlusion and restenosis, we first con-
sidered that these risk factors were by themselves sufficient 
to identify patients in whom CAS would be relatively lower 
risk (SCAR negative) and comparable with CEA. Otherwise, 
given the smaller qualitative interaction for sex and the small 
quantitative interaction for age, only women <75 years would 
also be expected to be relatively at low risk for CAS (also 
SCAR negative), all other patients being categorized as higher 
risk (SCAR positive) for CAS and therefore as candidates for 
CEA preferentially. In a secondary analysis, we considered 
all factors equivalent, that is, that all patients with ≥2 factors 
(age <75 years, women, contralateral occlusion, or resteno-
sis) would be SCAR negative and all others SCAR positive. 
The only difference between the 2 options being that men >75 
years with contralateral carotid occlusion or restenosis are 
SCAR positive in the second option (Table II in the online-
only Data Supplement).

Among the 4 components of the SCAR rule, effects of sex, 
contralateral occlusion, and age could be validated with the 
individual data from the CSTC, but patients with restenosis 
were excluded from the trials. Data on contralateral carotid 
occlusion were missing in 275 patients (262 from SPACE and 
13 from ICSS). Exclusion of these patients left 3049 patients 
for the analyses. Using our primary definition of the SCAR 
rule, 694 (22·8%) patients were classified as SCAR negative: 
135 patients had contralateral carotid occlusion, and the other 
559 patients were women <75 years. Among these SCAR-
negative patients, the absolute risks of any stroke or death 
were similar between CAS and CEA (absolute risks 5.6%, 
95% confidence interval [3.0–9.0] versus 5.6% [3.4–8.4]). 
However, among SCAR-positive patients, the absolute risk of 
CAS was more than twice that of CEA (8.4%, 6.9–10.1 versus 
3.5%, 2.6–4.6; Figure II in the online-only Data Supplement).

Figure 2 shows the RRs of any procedural stroke or death 
occurring in patients treated by CAS compared with patients 
treated by CEA. Among SCAR-negative patients, the pooled 

RR was 0.93 (95% confidence interval [0.49–1.76], I2=0%; 
P (sig)=0.83) whereas, among SCAR-positive patients, it 
was 2.44 (1.71–3.48, I2=0%; P (sig)<0.0001). The interac-
tion was statistically significant (P=0.05). Analyses based on 
the procedural risk of stroke (RR=0.93; 0.48–1.80 in SCAR-
negative patients versus 2.45; 1.70–3.64 in SCAR-positive 
patients; P for interaction=0.05; Figure III in the online-only 
Data Supplement) and death (RR=0.83; 0.15–4.52 in SCAR-
negative patients versus 2.57; 1.00–6.62 in SCAR-positive 
patients; P=0.20) led to similar results. In the sensitivity 
analysis considering all 4 risk factors as equivalent, the results 
were similar (Figure IV in the online-only Data Supplement).

In the absence of contralateral occlusion and restenosis, 
only women <75 years are identified as low risk for CAS by 
the SCAR rule, consistent with the finding that men aged <75 
years without contralateral carotid occlusion remained at 
higher risk of procedural stroke or death when treated by CAS 
versus CEA (RR=1.94; 95% confidence interval [1.22–3.07]).

Finally, considering that CSTC and CREST have both 
shown that CAS is not inferior to CEA in patients <70 years 
(rather than the 75-year cut point derived from our systematic 
review), we performed a sensitivity analysis including only 
patients who were SCAR positive and aged <70 years from 
the CSTC data set (data obtained secondarily from the CSTC). 
In this subset of patients, the trend toward a higher proce-
dural risk of stroke or death with CAS compared with CEA 
remained (RR=1.77; 95% confidence interval [0.98–3.21]).

Discussion
We have derived and partially validated a simple rule to cat-
egorize patients with severe symptomatic carotid stenosis 
according to their RR of periprocedural stroke or death with 
CAS versus CEA and to thereby identify a subset of patients 
in whom CAS may be noninferior to CEA. We used the stron-
gest evidence available from large systematic reviews to iden-
tify the relevant risk factors and then validated the resulting 

Figure 2. Application of the 
sex, contralateral occlusion, 
age, and restenosis (SCAR) rule 
to the pooled data on proce-
dural risk of stroke and death 
from the 3 large randomized 
trials of carotid endarterectomy 
(CEA) versus carotid angio-
plasty and stenting (CAS) in 
the Carotid Stenting Trialists’ 
Collaboration (CSTC).1 CI indi-
cates confidence interval; 
EVA3S, Endarterectomy Versus 
Angioplasty in Patients With 
Severe Symptomatic Carotid 
Stenosis; ICSS, International 
Carotid Stenting Study; RR, 
relative risk; and SPACE, Stent-
Protected Angioplasty versus 
Carotid Endarterectomy.
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rule in the largest available data set of randomized trial data 
comparing CAS with CEA. In this validation analysis, the 
results were highly consistent across trials. In the pooled data 
set of the 3 major European trials, the SCAR-negative patients 
accounted for about one fourth of the population, although 
patients with restenosis after previous CEA were excluded 
from the trials. Thus, in clinical practice, the rule would allow 
clinicians to identify those patients who might be able to 
undergo CAS without a higher procedural risk of stroke and 
death than with CEA (ie, patients with restenosis or contralat-
eral occlusion and women aged <75 years).

In most trials and registries of patients with carotid ste-
nosis, women account for about one third of the population 
recruited. Randomized trials of CEA for both symptomatic 
and asymptomatic carotid stenosis and systematic reviews of 
observational data have demonstrated that benefit is decreased 
in women, partly because of a high operative risk, which is 
independent of age.8,21,22 By contrast, whether there are also 
sex differences in risk of CAS has remained uncertain.11,23,24 
By pooling all available data, we have confirmed that women 
are at higher risk of procedural stroke or death after CEA and 
shown that there is no evidence of an increased risk of peripro-
cedural stroke or death after CAS, the risk being slightly higher 
in men. This sex difference between CEA and CAS mainly 
results from a higher risk of periprocedural complications after 
CEA in women, which has been attributed to sex differences 
in carotid size and in the nature of the atheromatous plaque.25,26

Less than 10% of patients with severe carotid artery ste-
nosis have contralateral carotid occlusion. Most studies that 
analyzed the impact of contralateral carotid occlusion on 
procedural risks after CEA had limited statistical power, 
with inconsistent findings.27 Although it has been suggested 
that routine use of shunts during CEA may reduce the risk 
of complications in this situation,28 there is no strong evi-
dence to support this view.29 On the basis that the duration 
of carotid occlusion is shorter during CAS than during CEA, 
some authors have suggested that endovascular therapy might 
be preferable in patients with contralateral occlusion, but there 
was little evidence.30–32 Our systematic review showing that 
patients with severe carotid stenosis and contralateral carotid 
occlusion are at high risk of periprocedural complications 
after CEA, but not after CAS, and the validation on RCTs 
provide useful new evidence and have practical implications.

Although previous meta-analyses of RCTs and registries 
have consistently shown that age has only a small impact on 
the risk of complications after CEA,8 elderly patients have 
been considered at high surgical risk and therefore to be 
potentially good candidates for CAS by several authors.13,33–35 
However, as shown in our previous systematic reviews,7–11 and 
more recently in RCTs,2,7 increasing age has more impact on 
the procedural risk of CAS than CEA. This is also in agree-
ment with studies showing that elderly patients are more likely 
to have tortuous and severely calcified vessels, resulting in an 
increased risk of embolization during wire manipulation and 
catheter exchanges at some stage in CAS.12,36,37

Restenosis occurs in ≥10% of patients treated by CEA,38 
and is generally attributed to neointimal hyperplasia during the 
early postoperative period or recurrent atherosclerosis there-
after. Although most carotid restenoses are asymptomatic, 

reoperation has been considered necessary in ≤8% of patients.39 
Surgical treatment for recurrent carotid stenosis is more techni-
cally difficult than primary procedures, notably because dis-
section of the neck tissues and the artery is more challenging. 
Several authors and guidelines have suggested that CAS may 
be the preferred treatment for post-CEA restenosis.40,41 Using 
all available data, we have shown that in comparison with pri-
mary stenosis, restenosis is associated with a higher risk of 
stroke or death after CEA, but with a lower risk after CAS. 
We could not validate the finding in RCT data, but an RCT 
comparing CEA with CAS specifically in patients with carotid 
restenosis is unlikely to be performed in the future.

Our analysis has several potential limitations. First, 
because, the European RCTs did not include asymptomatic 
stenosis, further studies are required to validate the rule in this 
situation. However, there is no evidence from the literature 
suggesting a potential interaction between the clinical indica-
tion and any of the components of the SCAR rule concerning 
the periprocedural risk of stroke or death after CEA or CAS, 
and the components of the rule were identified from studies 
that included both symptomatic and asymptomatic patients. 
Second, a recent analysis of data from the CREST trials sug-
gested that women have a higher risk of periprocedural stroke 
or death after CAS (5.5% versus 3.7%).24 However, the treat-
ment-by-sex interaction was not significant, and the results 
are not consistent with other trial data or case series, and no 
results were reported for women <75 years.23 Moreover, these 
CREST data were included in our meta-analyses, with little 
effects on the overall estimates. Third, the cutoff we used 
for age may be questionable. Indeed, the pooled analysis of 
the European trials and CREST have detected an interaction 
between age and treatment effect, with a crossover at an age 
of ≈70 years; CAS being better at younger ages, and CEA 
better at older ages.2,7 However, in most observational stud-
ies, the cutoffs used to categorize patients were either 75 or 
80 years, and SCAR-positive patients <70 years were still at 
higher risk for procedural stroke or death after CAS compared 
with CEA in the CSTC data set. Fourth, we were unable to 
study some potential risk factors attributable to limited avail-
ability of published data from observational studies or lack 
of collection of data in the randomized trials. For instance, 
technical and anatomic factors, especially extreme angulation 
of the carotid artery or calcifications, can have an impact on 
the risks of CAS,12 but there are few similar data published 
for CEA. We have also not been able to analyze patients 
according to both protection device systems and the risk fac-
tors simultaneously. However, there is no known interaction 
between the use of protection device systems and risk factors 
we examined. Leukoariaosis has been shown to be a risk fac-
tor for CEA in NASCET,42 and also for CAS in ICSS,43 but has 
not been widely studied. Similarly, the RR of periprocedural 
stroke or death in relation to the timing of the procedure might 
differ between CAS and CEA,9,44 but definitions of early and 
late intervention differ widely in observational studies. Fifth, 
although the pooled absolute risks of periprocedural stroke or 
death in SCAR-negative patients were identical between CAS 
and CEA in the validation population, our approach cannot 
formally demonstrate noninferiority. Finally, although the rule 
can already be considered useful for clinical practice, further 
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refinement will be required in the future, notably to identify 
the best option between the 2 potential rules we tested.
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Supplementary table I – Characteristics of studies included in the systematic review and meta-analysis 
according to the 9 risk factors analysed. 

Subgroup Intervention 
N studies 

(N) Variable Mean Min Max 
Age (years) CAS 30 Age (years) 71.1 63.0 74.0 

   
Male (%) 69.7 59.0 86.0 

   
Symptomatic (%) 40.8 14.0 100.0 

   
Study size (N patients) 410 15 5341 

   
Single-center studies (N) 14 

     Consecutive enrollment (N)  16   
   Prospective studies (N) 15   

 
CEA 52 Age (years) 69.3 57.0 84.0 

   
Male (%) (%) 74.0 52.0 95.0 

   
Symptomatic (%) 55.8 0.0 100.0 

   
Study size (N patients) 523 79 13622 

   
Single-center studies (N) 34 

     Consecutive enrollment (N) 31   
   Prospective studies (N) 17   
       
Contralateral 
occlusion CAS 9 Age (years) 71.3 69.0 73.0 

   
Male (%) 68.7 62.0 84.0 

   
Symptomatic (%) 32.0 26.0 61.0 

   
Study size (N patients) 471 58 2001 

   
Single-center studies (N) 6 

     Consecutive enrollment (N) 7   
   Prospective studies (N) 5   

 
CEA 33 Age (years) 68.3 57.0 75.0 

   
Male (%) 67.8 58.0 93.0 

   
Symptomatic (%) 53.8 0.0 100.0 

   
Study size (N patients) 526 83 6038 

   
Single-center studies (N) 24 

     Consecutive enrollment (N) 19   
   Prospective studies (N) 11   
       
Coronary artery 
disease CAS 8 Age (years) 70.8 61.0 72.0 

   
Male (%) 70.3 65.0 74.0 

   
Symptomatic (%) 39.7 24.0 100.0 

   
Study size (N patients) 353 26 1380 

   
Single-center studies (N) 7 

     Consecutive enrollment (N) 5   
   Prospective studies (N) 2   

 
CEA 16 Age (years) 68.5 57.0 75.0 

   
Male (%) 66.1 58.0 76.0 

   
Symptomatic (%) 51.8 21.0 100.0 

   
Study size (N patients) 600 83 6038 

   
Single-center studies (N) 8 

     Consecutive enrollment (N) 7   
   Prospective studies (N) 4   
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Supplementary table I – Characteristics of studies included in the systematic review and meta-analysis 
according to the 9 risk factors analysed (continued). 
       

Subgroup Intervention 
N studies 

(N) Variable Mean Min Max 
Diabetes CAS 12 Age (years) 71.2 67.0 73.0 

   
Male (%) 69.5 63.0 84.0 

   
Symptomatic (%) 33.7 22.0 100.0 

   
Study size (N patients) 584 26 1729 

   
Single-center studies (N) 8 

     Consecutive enrollment (N) 7   
   Prospective studies (N) 3   

 
CEA 23 Age (years) 68.4 57.0 75.0 

   
Male (%) 77.9 53.0 95.0 

   
Symptomatic (%) 53.6 0.0 100.0 

   
Study size (N patients) 678 57 13622 

   
Single-center studies (N) 12 

     Consecutive enrollment (N) 11   
   Prospective studies (N) 9   
       
Gender CAS 21 Age (years) 70.1 61.0 73.0 

   
Male (%) 70.1 47.0 90.0 

   
Symptomatic (%) 47.3 24.0 100.0 

   
Study size (N patients) 418 15 5341 

   
Single-center studies (N) 13 

     Consecutive enrollment (N) 7   
   Prospective studies (N) 10   

 
CEA 42 Age (years) 67.9 62.0 75.0 

   
Male (%) 72.4 43.0 95.0 

   
Symptomatic (%) 61.7 0.0 100.0 

   
Study size (N patients) 520 53 13622 

   
Single-center studies (N) 24 

     Consecutive enrollment (N) 22   
   Prospective studies (N) 13   
       
Hypertension CAS 9 Age (years) 70.7 61.0 72.0 

   
Male (%) 71.1 65.0 84.0 

   
Symptomatic (%) 40.0 24.0 100.0 

   
Study size (N patients) 333 26 1380 

   
Single-center studies (N) 8 

     Consecutive enrollment (N) 6   
   Prospective studies (N) 1   

 
CEA 17 Age (years) 68.7 62.0 75.0 

   
Male (%) 66.5 53.0 76.0 

   
Symptomatic (%) 49.3 0.0 100.0 

   
Study size (N patients) 752 252 6038 

   
Single-center studies (N) 6 

     Consecutive enrollment (N) 6   
   Prospective studies (N) 5   
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Supplementary table I – Characteristics of studies included in the systematic review and meta-analysis 
according to the 9 risk factors analysed (continued). 
       

Subgroup Intervention 
N studies 

(N) Variable Mean Min Max 
Peripheral 
artery disease CAS 6 Age (years) 71.3 69.0 72.0 

   
Male (%) 71.2 65.0 77.0 

   
Symptomatic (%) 27.5 24.0 50.0 

   
Study size (N patients) 470 26 1380 

   
Single-center studies (N) 5 

     Consecutive enrollment (N) 4   
   Prospective studies (N) 2   

 
CEA 7 Age (years) 68.4 57.0 72.0 

   
Male (%) 67.5 65.0 74.0 

   
Symptomatic (%) 56.9 21.0 100.0 

   
Study size (N patients) 3056 83 6038 

   
Single-center studies (N) 2 

     Consecutive enrollment (N) 3   
   Prospective studies (N) 3   
       
Restenosis CAS 11 Age (years) 70.7 61.0 74.0 

   
Male (%) 69.1 56.0 74.0 

   
Symptomatic (%) 44.3 17.0 96.0 

   
Study size (N patients) 418 47 5341 

   
Single-center studies (N) 6 

     Consecutive enrollment (N) 3   
   Prospective studies (N) 7   

 
CEA 13 Age (years) 71.9 68.0 74.0 

   
Male (%) 59.5 51.0 70.0 

   
Symptomatic (%) 57.9 37.0 74.0 

   
Study size (N patients) 1341 352 20940 

   
Single-center studies (N) 11 

     Consecutive enrollment (N) 12   
   Prospective studies (N) 5   
       
Stenosis side CAS 4 Age (years) 69.8 67.0 70.0 

   
Male (%) 70.8 68.0 71.0 

   
Symptomatic (%) 59.8 55.0 100.0 

   
Study size (N patients) 562 77 5341 

   
Single-center studies (N) 2 

     Consecutive enrollment (N) 3   
   Prospective studies (N) 1   

 
CEA 8 Age (years) 66.6 57.0 69.0 

   
Male (%) 66.5 65.0 74.0 

   
Symptomatic (%) 72.2 60.0 100.0 

   
Study size (N patients) 1807 83 6038 

   
Single-center studies (N) 2 

  
   

Consecutive enrollment (N) 4 
  

   
Prospective studies (N) 2 
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Supplementary figure I – Meta-analyses of the relative risk of stroke after CAS and CEA according to the 
9 potential risk factors. 
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Supplementary table II – Categorization of patients according to the 2 potential definitions of the SCAR 
rule.  
 

 Contralateral occlusion No contralateral occlusion 
 Restenosis No restenosis Restenosis No restenosis 
 Women Men Women Men Women Men Women Men 
Age <75 >75 <75 >75 <75 >75 <75 >75 <75 >75 <75 >75 <75 >75 <75 >75 
SCAR 
primary 
option 

- - - - - - - - - - - - - + + + 

SCAR 
secondary 
option 

- - - - - - - + - - - + - + + + 
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Supplementary figure II – Pooled absolute risks of stroke and death according to the SCAR rule in the 
three large randomised trials of CEA vs. CAS in the CSTC. 
 

 
 
  

ICSS 7 200 3.5 [1.3 – 6.6] 
SPACE 7 118 5.9 [2.3 – 11.0] 
EVA3S 5 55 9.1 [2.7  - 18.4] SCAR negative CAS 

5.1 [2.5 – 8.5] TOTAL 19 373 

ICSS 8 186 4.3 [1.8 – 7.8] 
SPACE 6 97 6.2 [2.1 – 12.0] 
EVA3S 3 38 7.9 [1.0 – 19.0] 

5.0 [2.7 – 7.8] TOTAL 17 321 

ICSS 52 622 8.4 [6.3 – 10.7] 
SPACE 25 334 7.5 [4.9 – 10.6] 
EVA3S 20 205 9.8 [6.0 – 14.2] 

8.3 [6.8 – 10.0] TOTAL 97 1161 

0 0.05 0.1 0.15 0.2 
30-day absolute risk of stroke or death (%) 

ICSS 19 628 3.0 [1.8 – 4.5 ] 
SPACE 15 347 4.3 [2.4 – 6.7 ] 
EVA3S 7 219 3.2 [1.2 – 6.0] 

3.4 [2.4 – 4.5 ] TOTAL 41 1194 

CEA 

SCAR positive CAS 

CEA 
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Supplementary figure III – Application of the SCAR rule (primary definition) to the pooled data on 
procedural risk of stroke from the three large randomised trials of CEA vs. CAS in the CSTC. 
 
 

 
 

 
 

 
  

Treatment Control
Study Events  /  Patients RR 95% CI

SCAR negative
EVA3S 5 / 55 3 / 38 1.15 0.29-4.53
SPACE 7 / 118 6 / 97 0.96 0.33-2.76
ICSS 6 / 200 7 / 186 0.80 0.27-2.33

TOTAL 18 / 373 16 / 321 0.93 0.48-1.80

Significance: p = 0.83
Heterogeneity: p = 0.92

SCAR positive
EVA3S 19 / 205 6 / 219 3.38 1.38-8.30
SPACE 24 / 334 14 / 347 1.78 0.94-3.38
ICSS 50 / 622 19 / 628 2.66 1.59-4.45

TOTAL 93 / 1161 39 / 1194 2.45 1.70-3.54

Significance: p = <0.0001
Heterogeneity: p = 0.46

0 1 2 3 4 5 6

Relative risk (95% CI)



	
   9	
  

Supplementary figure IV – Application of the SCAR rule (secondary definition, i.e. all factors are 
considered as equivalent) to the pooled data on procedural risk of stroke and death (A) and stroke (B) 
from the three large randomised trials of CEA vs. CAS in the CSTC. 
 
A – Stroke and death 
 

 
 

 
 

 
 
B – Stroke  
 
 

 
 

 
 

 
 
 

Treatment Control
Study Events  /  Patients RR 95% CI

SCAR negative
EVA3S 5 / 53 3 / 38 1.19 0.30-4.70
SPACE 7 / 115 6 / 96 0.97 0.34-2.80
ICSS 7 / 189 8 / 180 0.83 0.31-2.25

TOTAL 19 / 357 17 / 314 0.95 0.50-1.80

Significance: p = 0.88
Heterogeneity: p = 0.92

SCAR positive
EVA3S 20 / 207 7 / 219 3.02 1.31-7.00
SPACE 25 / 337 15 / 348 1.72 0.92-3.21
ICSS 52 / 633 19 / 634 2.74 1.64-4.58

TOTAL 97 / 1177 41 / 1201 2.42 1.69-3.45

Significance: p = <0.0001
Heterogeneity: p = 0.44

0 1 2 3 4 5 6

Relative risk (95% CI)

Treatment Control
Study Events  /  Patients RR 95% CI

SCAR negative
EVA3S 5 / 53 3 / 38 1.19 0.30-4.70
SPACE 7 / 115 6 / 96 0.97 0.34-2.80
ICSS 6 / 189 7 / 180 0.82 0.28-2.38

TOTAL 18 / 357 16 / 314 0.95 0.49-1.84

Significance: p = 0.89
Heterogeneity: p = 0.91

SCAR positive
EVA3S 19 / 207 6 / 219 3.35 1.36-8.22
SPACE 24 / 337 14 / 348 1.77 0.93-3.36
ICSS 50 / 633 19 / 634 2.64 1.57-4.42

TOTAL 93 / 1177 39 / 1201 2.43 1.69-3.51

Significance: p = <0.0001
Heterogeneity: p = 0.47

0 1 2 3 4 5 6

Relative risk (95% CI)
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Abstract
Alu elements and long interspersed element-1 (LINE-1 or L1) are two major human inter-

sperse repetitive sequences. Lower Alu methylation, but not LINE-1, has been observed in

blood cells of people in old age, and in menopausal women having lower bone mass and

osteoporosis. Nevertheless, Alu methylation levels also vary among young individuals.

Here, we explored phenotypes at birth that are associated with Alu methylation levels in

young people. In 2010, 249 twenty-years-old volunteers whose mothers had participated in

a study association between birth weight (BW) and nutrition during pregnancy in 1990, were

invited to take part in our present study. In this study, the LINE-1 and Alu methylation levels

and patterns were measured in peripheral mononuclear cells and correlated with various

nutritional parameters during intrauterine and postnatal period of offspring. This included

the amount of maternal intake during pregnancy, the mother’s weight gain during pregnan-

cy, birth weight, birth length, and the rate of weight gain in the first year of life. Catch-up

growth (CUG) was defined when weight during the first year was>0.67 of the standard

score, according to WHO data. No association with LINE-1 methylation was identified. The

mean level of Alu methylation in the CUG group was significantly higher than those non-

CUG (39.61% and 33.66 % respectively, P< 0.0001). The positive correlation between the

history of CUG in the first year and higher Alu methylation indicates the role of Alu methyla-

tion, not only in aging cells, but also in the human growth process. Moreover, here is the first

study that demonstrated the association between a phenotype during the newborn period

and intersperse repetitive sequences methylation during young adulthood.

Introduction
DNAmethylation is an epigenetic mark directly on CpG dinucleotide sequences [1]. The ma-
jority of DNA methylation in the human genome is on intersperse repetitive sequences (IRS).
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IRS methylation plays a crucial role in cellular phenotypes, controlling genomic integrity as
well as gene expression [2]. Reduction of genomic methylation can lead to genomic instability
[1], relating to endogenous DNA double strand break repair [3]. Genomic instability is one of
the hallmark characteristics of cancer and aging cells. Global hypomethylation also alters gene
expression. For example, long interspersed element-1 (LINE-1 or L1) can regulate the degree
of gene expression by adjusting intragenic LINE-1 methylation level [4,5]. Here in this study
we evaluated whether IRS methylation during young adulthood would be associated with phe-
notypes during the new born period.

Alu elements are human abundant IRS, presenting up to 300,000 copies in the human ge-
nome [1]. Lower Alu methylation has been observed in blood cells of people during old age [6],
and in menopausal women having lower bone mass and osteoporosis [7], familial breast cancer
[8], gastric cancer [9], and chronic lymphocytic leukemia [10]. On the other hand, higher Alu
methylation has been reported in various conditions such as colorectal cancer [11], insulin re-
sistance [12], cardiovascular risk, including hypertension/diabetes [13], and systemic lupus er-
ythematosus [14]. No change was found in many conditions, such as exposure to pollutants,
including metals and particulate air pollution [15], breast cancer [16], and prenatal arsenic ex-
posure [17].

Most of LINE-1s are truncated. Only approximately 2 thousand copies contain 5’UTR,
where methylated CpG were studied [1]. Many studies of blood cells reported lower methyla-
tion of LINE-1 in pollution exposure [9,18–20], smoking in patients with Parkinson’s disease
[21], increased oxidative stress [22], and several cancers [23], whereas higher methylation of
LINE-1 was detected in early colorectal cancer [11], malignant melanoma [24]. Recently some
studies reported the association between intrauterine and early life insult and epigenetic with
the levels of line-1 methylation [17]. For example intrauterine exposure to higher levels of arse-
nic was positively associated with DNA methylation in LINE-1 in umbilical cord blood [17].
Also lower LINE-1 methylation is related to development of adiposity in 553 boys, aged 5–12
years [25].

Here we investigated the correlation between phenotypes of the perinatal period with IRS
methylation during young adulthood. In 2010, we invited volunteers who had participated as
newborns for birth weight and nutrition during a pregnancy study in 1990 (Chiang Mai Low
Birth Weight Study-CMLBWS) [26]. We found that offsprings with history of intrauterine
growth retardation (IUGR) such as poor intrauterine nutrition, mother with pregnancy in-
duced hypertension (PIH) were associated significantly with rapid weight gain (catch-up
growths) in the first year of life than those offsprings without IUGR [27]. Also these IUGR off-
springs with abundant postnatal nutrition were significantly associated with catch-up growths
(CUG) during the first year of life. These CUG had been reported previously, but was associat-
ed with metabolic and non-communicable diseases, such as high body fat deposition [28], in-
creased blood pressure [29], and diabetes [30]. However, the precise mechanism of this
association is still unknown. The epigenetic memory was proposed to be a molecular mecha-
nism [31]. During in utero, or early postnatal development, short term changes through envi-
ronmental affect could permanently change gene expression, and consequently organ
development at a time of extreme vulnerability.

We chose to evaluate DNA methylation, not only its levels, but also its patterns. Changes in
DNAmethylation of IRS is not homogenous. Previously, we demonstrated not only a general,
but also locus specific influence of LINE-1 methylation [32]. Therefore, in some situations
methylation of different IRS loci were not harmoniously changed. For example, both hypo and
hypermethylated LINE-1 loci can be discovered in smoke-exposed oral epithelial [33]. Current-
ly, there are two commonly used techniques: pyrosequencing [1], and Combine Bisulfite Re-
striction Analysis (COBRA) [34].Both techniques precisely measure methylation levels.
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Unfortunately, pyrosequencing can only measure DNAmethylation levels. Therefore, herein
this study, we chose to evaluate LINE-1 and Alu methylation levels and patterns by COBRA.

Materials and Methods
In 2010, we invited adolescents whose mothers had participated in a birth weight and nutrition
during pregnancy study in 1990 [26]. In brief, the 1990 study recruited 2184 pregnant women
with gestational age< 24 weeks. Researchers followed up every subject’s antenatal care up to
delivery. The study recorded demographic data, anthropometric data, socioeconomic data.
During delivery, the birth weight, birth length, and placental weight were also recorded. As a
follow-up, every three months in the first year of the child’s life, their weight was also recorded.
Maternal diet intake was assessed by two methods. First, the 24-hour food recall method was
used during the initial interview. Each mother was asked to recall all food consumed during the
previous day and to estimate quantities in ordinary measures or servings. Then all details were
calculated by using Thai Food Tables [35]. The amount of food was calculated as energy, pro-
tein, fat and carbohydrate at each of the three trimesters: weeks 10–12 (first trimester), weeks
22–24 (second trimester), and weeks 32–34 (third trimester).The food frequency questionnaire
(FFQ) was used to assess the frequency of consumption of 34 foods in the previous month. Nu-
trient intakes in the FFQ were validated against the 24-hour food recall method.

In 2010, all 2184 offspring were invited to participate in the study. Their histories, physical
exams, and blood samples were collected to determine their current general condition. The test
consisted of the participants sitting quietly in a room at the clinic for at least 20 minutes.
Twice, at intervals of 5–10 minutes, their blood pressure was measured on the left arm at heart
level. Anthropometric measurements were performed. While wearing indoor clothes, the par-
ticipant’s height, weight, and waist circumference measurement were taken. Each participant
filled out questionnaires on various cardiovascular risk factors, smoking experience, and past
medical history. The participants fasted at least 12 hours before attending the study, and then
venous blood samples were collected. Total cholesterol and plasma glucose were measured
using the Beckman Coulter analyzer (UnicelDxc 800, Fullerton, California, USA).

COBRA LINE-1 and COBRA Alu
Also blood samples were collected and extracted to measure the level of LINE-1 and Alu meth-
ylation [36]. DNA extraction was performed by standard phenol chloroform extraction proto-
col. All DNA samples were treated with sodium bisulfite essentially following guidelines
provided (EZ DNAMethylation-Gold Kit, Zymo research corp, Orange, CA, USA). For
COBRA LINE-1, the bisulfate-treated DNA was subjected to 40 PCR cycles with LINE-1-F
(5’-CGTAAGGGGTTAGGGAGTTTTT-3’) and LINE-1-R (5’-RTAAAACCCTCCRAAC-
CAAATATAAA-3’) primers at an annealing temperature of 50°C. For COBRA Alu, the bisul-
fite-treated DNA was subjected to 40 cycles of PCR with two primers, Alu-F (5’-
GGCGCGGTGGTTTACGTTTGTAA-3’) and Alu-R (5’TTAATAAAAACGAAAT TTCAC-
CATATTA ACCAAAC-3’) at an annealing temperature of 53°C. After PCR amplification, the
LINE-1 amplicons (160 bp) were digested with TaqI and TasI in NEB buffer 3 (New England
Biolabs, Ontario, Canada), while the Aluamplicons (117 bp) were digested with TaqI in TaqI
buffer (MBI Fermentas, Burlington, Canada). Both digestion reactions were incubated at 65°C
overnight. The LINE-1 and Alu element digested products were then electrophoresed on an
8% non-denaturing polyacrylamide gel and stained with the SYBR green nucleic acid gel stain
(Gelstar, Lonza, Rockland, ME, USA). Distilled water was used as negative control. All experi-
ments were performed in duplicate. DNA samples from HeLa, Jurkat and Daudi cell lines were
used as positive controls in every experiment and to standardize interassay variation [1].
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Both COBRA LINE-1 and COBRA Alu detected methylation status of two CpG dinucleo-
tides [36]. Therefore, COBRA can report four IRS methylation patterns, hypermethylation
(mCmC) when both of the CpGs of the same locus were methylated. Hypomethylation (uCuC)
when both of the CpGs of the same locus were unmethylated. We also reported two partial
methylation pattern (mCuC and uCmC). Both methylation level and pattern were reported in
percentage number. For methylation levels we reported the percentage of methylated CpG. For
methylation pattern, percentage numbers of loci of each pattern were determine. Detail analy-
sis of LINE-1 and Alu methylation levels and patterns were the same as recently reported [36].

Statistical analysis
We analyzed the association between the level of LINE-1 and Alu methylation with various
nutritional parameters, both intrauterine factors and early postnatal period. Since our study in
LINE-1 and Alu methylation was conducted in blood sampling 20 years later, we therefore ana-
lyzed current parameters and epigenetic levels to see the difference between perinatal risk fac-
tors and current risk factors. The small for gestational age (SGA) defined as weight<10
percentile of gestational age [37], and the history of CUG in weight during the first year of life,
defined the weight>0.67 standard score according to WHO data [38]. For the dichotomous
data, an independent sample t-test was performed to determine differences between LINE-1
and Alu element methylation patterns. The continuous data were analyzed for the correlation
with Pearson method. All P value was corrected for multiple comparisons (fault discovery rate
—Simmes method). The data was presented in mean and standard deviation. Analysis was per-
formed by STATA for Windows version 13.0. The significant levels quoted were two-sided and
P< 0.05 was considered statistically significant.

Table 1. Baseline data of participants during pregnancy and delivery period (in 1990) and during
follow up period in 2010 study.

Baseline item Mean ± standard deviation

Pregnancy and delivery period

Mothers age (yr) during pregnancy 26 ± 4.63

Body mass index at recruitment in study 21.26 ± 2.50

Birth weight (gram) 2814.54 ± 452.07

Birth length (cm) 47.89 ± 4.61

Gestational age (months) 38.90 ± 1.98

Age of mother during delivery (years) 26.20 ± 4.69

Placental weight (gm) 556 ± 111.57

Placental diameter (cm) 19.20 ± 2.64

Follow up period

Age of offsprings (months) 246.06 ± 5.63

Waist circumference (cm) 77.25 ± 1.30

Body mass index 21.71 ± 4.80

Plasma cholesterol (mg/dl) 167.13 ± 31.93

Fasting blood sugar (mg/dl) 83.66 ± 13.27

Systolic blood pressure (mmHg) 115.23 ± 12.93

Diastolic blood pressure (mmHg 73.71 ± 10.80

doi:10.1371/journal.pone.0120032.t001
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Table 2. The comparison of percentage of Alu (above panel) methylation and the percentage of LINE-1 methylation (below panel) in participants
who are absence or presence the following risk factors: catch up growth, small for gestational age, male and smoking history.

Type of methylation Total Alu Alu_UU Alu_MM Alu_UM Alu_MU

Intrauterine factor/early postnatal factors

Catch up growth history Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 33.66 39.61 44.85 37.39 12.16 16.60 23.75 26.04 19.23 19.97

SD 6.99 7.22 8.76 8.71 9.07 8.58 6.95 7.11 6.06 6.55

p-values control the FDR(simes) <0.00001 <0.00001 0.0233 0.1858 0.7849

Small for gestational age
history

Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 36.32 33.91 40.50 44.61 13.14 12.44 25.56 24.06 20.80 18.90

SD 7.67 7.72 8.78 9.36 11.00 8.31 7.89 6.73 6.89 5.54

p-values control the FDR(simes) 0.1428 0.0700 0.6999 0.3723 0.1428

Gender of off spring Female Male Female Male Female Male Female Male Female Male

Mean 34.63 34.06 43.20 44.62 12.47 12.74 25.04 23.38 19.30 19.26

SD 7.92 7.53 9.66 8.93 8.89 8.95 7.30 6.43 5.56 6.32

p-values control the FDR(simes) 0.8233 0.6373 0.9136 0.3820 0.9574

Smoking history Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 34.07 35.27 44.07 42.99 12.21 13.53 24.30 23.49 19.42 19.99

SD 7.55 7.75 9.37 8.72 8.53 9.79 6.85 5.50 5.68 6.77

p-values control the FDR(simes) 0.6251 0.6251 0.6251 0.6251 0.6251

Type of methylation Total LINE- 1 LINE- 1_MM LINE- 1_UU LINE- 1_MU LINE- 1_UM

Intrauterine factor/early postnatal factors

Catch up growth history Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 79.87 79.74 49.09 50.49 7.86 8.35 22.28 20.19 20.78 20.98

SD 5.52 8.95 12.20 18.26 5.40 6.21 9.35 10.10 14.19 15.46

p-values control the FDR(simes) 0.9410 0.7849 0.7849 0.4542 0.9410

Small for gestational age
history

Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 79.24 80.21 48.95 49.53 9.27 7.31 23.11 21.90 18.67 21.26

SD 6.23 5.96 13.14 12.42 6.22 4.99 9.03 9.02 13.63 13.25

p-values control the FDR(simes) 0.4470 0.7718 0.0990 0.5007 0.3723

Gender of off spring Female Male Female Male Female Male Female Male Female Male

Mean 80.11 79.88 49.91 48.72 8.24 6.93 21.54 22.98 20.31 21.37

SD 5.73 6.42 12.09 13.18 5.69 4.61 8.39 9.81 13.14 13.65

p-values control the FDR(simes) 0.9136 0.8233 0.3820 0.6373 0.8233

Smoking history Absence Presence Absence Presence Absence Presence Absence Presence Absence Presence

Mean 79.69 80.48 48.82 49.94 7.86 6.61 21.57 23.38 21.76 20.06

SD 5.98 6.96 12.46 14.23 5.54 3.60 8.92 9.50 13.54 12.72

p-values control the FDR(simes) 0.6251 0.6251 0.6251 0.6251 0.6251

doi:10.1371/journal.pone.0120032.t002
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Ethics statement
This study was conducted according to the guidelines laid down in the Declaration of Helsinki,
and all procedures involving human subjects were approved by the Human Experimentation
Committee, Research Institute for Health Sciences, Chiang Mai University, Chiang Mai, Thai-
land (Project Number 17/52). Written informed consent was obtained from all subjects togeth-
er with their mothers and participants’ anonymity was preserved.

Results
249 participants, who were offspring in CMLBWS, were recruited in this study. There were 103
males (41.4%), 27 current smokers (10.8%), 49 SGA, and 45 CUG. Mothers in CMLBWS, on
average, had a normal range of BMI (Table 1). During delivery phase, the mean birth weight of
offspring was 2814.54 grams, which was not in a low birth weight range.

In the perinatal parameters, there were significant correlations only between CUG and non-
CUG in the levels of methylation in the percentage of total Alu, Alu_UU, and Alu_MM
(Table 2). The mean level of total Alu_methylation in the CUG group was marked higher than

Fig 1. The boxplots of the total Alu methylation (%) between non catch up growth group (non-CUG) and catch up growth (CUG).

doi:10.1371/journal.pone.0120032.g001
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those not in CUG (39.61% and 33.66% respectively, P< 0.0001) (Fig. 1). In contrast, the mean
level of unmethylated loci (Alu_UU) in the CUG group was considerably lower than those in
non-CUG group (37.39% and 44.85%, P<.0001 respectively). In contrast, there was no signifi-
cant association between the levels of Alu_methylation with other perinatal parameters. The
LINE-1 methylation levels were not correlated with any perinatal parameters (Fig. 2).

There was no significant correlation between the levels of Alu_methylation and LINE-1
methylation with various intrauterine parameters (during pregnancy), including maternal in-
take during 3 trimesters (carbohydrate, protein, fat, energy, weight gain), birth weight and pla-
cental weight (Table 3). Similarly no correlation was found between Alu_methylation and
LINE-1 methylation with early postnatal factors.

There was no significant correlation between Alu_methylation and LINE-1 methylation
with current factors such as gender, age, BMI, waist circumference, plasma cholesterol, fasting
glucose and blood pressure (Table 4) (Figs. 3, 4). When authors analysed the association be-
tween CUG and non-CUG with the perinatal data, CUG group had higher incidence of preg-
nancy induce hypertension of mother during pregnancy than those in non-CUG (9.8% and
0.3% respectively, P = 0.04). Also maternal fat intake in the first trimester in CUG group was
significant lower than those in non-CUG group (P = 0.03). When authors explored further on
the association between CUG and non-CUG with current factors, waist circumference in CUG

Fig 2. The boxplots of the LINE-1 methylation (%) between non catch up growth group (non-CUG) and catch up growth (CUG).

doi:10.1371/journal.pone.0120032.g002
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Table 3. The correlation analysis between the percentage of Alu and LINE-1 methylation in various nutritional factors during pregnancy and
delivery.

Type of methylation Total
Alu

Alu_UU Alu_MM Alu_UM Alu_MU Total
LINE-1

LINE-
1_MM

LINE-
1_UU

LINE-
1_MU

LINE-
1_UM

Intrauterine factor/early postnatal factors

bmi in first visit of mothers

Correlation, r 0.0868 -0.1361 0.0079 0.1834 -0.0131 0.0025 0.0165 0.0588 -0.0620 0.0031

p-values control the FDR(simes) 0.6217 0.1895 0.9687 0.0500 0.9687 0.9687 0.9687 0.7134 0.7134 0.9687

Gestational age at delievery

Correlation, r 0.0061 0.0307 0.0430 -0.0218 -0.0883 0.0797 0.0437 -0.1459 -0.1139 0.0938

p-values control the FDR(simes) 0.9260 0.8015 0.7340 0.8233 0.4222 0.4222 0.7340 0.2150 0.3675 0.4222

Mother age when pregnancy

Correlation, r 0.1340 -0.1308 0.0956 0.0357 0.0215 -0.0758 -0.0496 0.0675 0.0603 -0.0209

p-values control the FDR(simes) 0.2300 0.2300 0.4853 0.7341 0.7446 0.5737 0.6236 0.5737 0.5737 0.7446

Mother weight gain in 1st trim

Correlation, r -0.2221 0.1445 -0.2911 0.0495 0.0008 -0.0719 -0.0911 -0.0730 0.0495 0.0809

p-values control the FDR(simes) 0.9188 0.9188 0.9188 0.9188 0.9972 0.9188 0.9188 0.9188 0.9188 0.9188

Mother weight gain in 2nd trim

Correlation, r 0.0359 0.0313 0.0939 -0.0664 -0.1127 0.0282 0.0194 -0.0134 -0.0977 0.0543

p-values control the FDR(simes) 0.8295 0.8295 0.5313 0.8012 0.5313 0.8295 0.8364 0.8364 0.5313 0.8030

Mother weight gain in 3rd trim

Correlation, r 0.0069 -0.0298 -0.0191 0.0597 0.0054 -0.0026 0.0399 0.1415 -0.1234 -0.0075

p-values control the FDR(simes) 0.9681 0.9681 0.9681 0.9681 0.9681 0.9681 0.9681 0.2835 0.2835 0.9681

maternal protein intake in 1st
trim

Correlation, r 0.1792 -0.3042 -0.0243 0.3200 0.2015 -0.1120 -0.0679 0.0569 0.1524 -0.0596

p-values control the FDR(simes) 0.4560 0.1070 0.8576 0.1070 0.4427 0.6782 0.7490 0.7490 0.5154 0.7490

maternal protein intake in 2nd
trim

Correlation, r -0.0781 0.0889 -0.0426 -0.0523 -0.0090 0.0771 0.1000 0.0220 -0.0971 -0.0347

p-values control the FDR(simes) 0.6140 0.6140 0.8016 0.8016 0.9062 0.6140 0.6140 0.8533 0.6140 0.8016

maternal protein intake in 3rd
trim

Correlation, r 0.0351 0.0047 0.0662 -0.0471 -0.0516 0.0649 0.0316 -0.0599 -0.0524 0.0277

p-values control the FDR(simes) 0.7752 0.9494 0.7752 0.7752 0.7752 0.7752 0.7752 0.7752 0.7752 0.7752

maternal carbohydrate intake
in 1st trim

Correlation, r 0.0455 -0.1566 -0.1002 0.2867 0.0863 -0.0482 -0.0179 0.0986 0.1776 -0.1482

p-values control the FDR(simes) 0.8188 0.6780 0.7476 0.3060 0.7476 0.8188 0.8950 0.7476 0.6780 0.6780

maternal carbohydrate intake
in 2nd trim

Correlation, r 0.0130 -0.0545 -0.0335 0.0541 0.0717 -0.0548 -0.0362 0.0292 -0.0124 0.0326

p-values control the FDR(simes) 0.8679 0.8679 0.8679 0.8679 0.8679 0.8679 0.8679 0.8679 0.8679 0.8679

maternal carbohydrate intake
in 3rd trim

Correlation, r 0.0667 -0.0562 0.0586 0.0261 -0.0319 0.0584 0.0239 -0.0744 -0.0437 0.0346

p-values control the FDR(simes) 0.7371 0.7371 0.7371 0.7371 0.7371 0.7371 0.7371 0.7371 0.7371 0.7371

maternal fat intake in 1st trim

Correlation, r -0.1108 -0.0070 -0.2159 0.1875 0.1165 -0.2166 -0.1785 0.1022 0.0731 0.0820

p-values control the FDR(simes) 0.6420 0.9589 0.4600 0.4600 0.6420 0.4600 0.4600 0.6420 0.6543 0.6543

(Continued)
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group was significantly higher than those in non-CUG group (78.6 cm and 74.9 cm respective-
ly, P = 0.04). The mean BMI in CUG group was higher than those in non- CUG group
(22.5 cm and 20.7 cm respectively, P = 0.05).

Discussion
This study evaluated the association between Alu and LINE-1 methylation of 20-year-old indi-
viduals with various phenotypes during their babies period (intrauterine and early postnatal
period). Whereas no association with LINE-1 methylation was identified, the correlation be-
tween the history of CUG in the first year, and higher Alu methylation,was demonstrated. In-
terestingly, Alu, but not LINE-1 hypomethylation, is associated with aging, and also disease
phenotype due to aging, such as osteoporosis [6][7]. These two evidences suggest that methyla-
tion of different IRSs possess different functions. Alu methylation plays a role in cell growth
and prevents cellular aging[6][7]. The role of IRS methylation is to control genome stability.
Loss of Alu methylation in aging cells may lead to genomic instability, one of the hallmarks of
aging cells. Cells of individuals with CUG may require higher levels of genome stability. Our

Table 3. (Continued)

Type of methylation Total
Alu

Alu_UU Alu_MM Alu_UM Alu_MU Total
LINE-1

LINE-
1_MM

LINE-
1_UU

LINE-
1_MU

LINE-
1_UM

maternal fat intake in 2nd trim

Correlation, r -0.0856 0.0317 -0.1138 0.0983 0.0020 -0.0075 -0.0097 -0.0065 0.0657 -0.0357

p-values control the FDR(simes) 0.8757 0.9797 0.8757 0.8757 0.9797 0.9797 0.9797 0.9797 0.9422 0.9797

maternal fat intake in 3rd trim

Correlation, r -0.1703 0.2038 -0.0872 -0.1354 -0.0260 0.0059 -0.0040 -0.0109 -0.0217 0.0223

p-values control the FDR(simes) 0.0975 0.0500 0.5855 0.2130 0.9557 0.9557 0.9557 0.9557 0.9557 0.9557

Amount of energy intake in 1st
trim

Correlation, r 0.0310 -0.1641 -0.1361 0.3124 0.1248 -0.1082 -0.0672 0.1172 0.1745 -0.1053

p-values control the FDR(simes) 0.8189 0.5444 0.5444 0.1800 0.5444 0.5444 0.6880 0.5444 0.5444 0.5444

Amount of energy intake in
2nd trim

Correlation, r -0.0230 -0.0237 -0.0635 0.0658 0.0541 -0.0340 -0.0152 0.0283 -0.0078 0.0094

p-values control the FDR(simes) 0.9169 0.9169 0.9169 0.9169 0.9169 0.9169 0.9169 0.9169 0.9169 0.9169

Amount of energy intake in 3rd
trim

Correlation, r -0.0078 0.0339 0.0214 -0.0367 -0.0421 0.0534 0.0186 -0.0692 -0.0468 0.0398

p-values control the FDR(simes) 0.9152 0.8831 0.8831 0.8831 0.8831 0.8831 0.8831 0.8831 0.8831 0.8831

brithweight

Correlation, r -0.0985 0.1054 -0.0604 0.0283 -0.1105 0.1267 0.0767 -0.1694 -0.1095 0.0693

p-values control the FDR(simes) 0.2233 0.2170 0.3984 0.6673 0.2170 0.2170 0.3270 0.0750 0.2170 0.3466

birthlegth

Correlation, r -0.1064 0.0905 -0.0887 0.0533 -0.0713 0.0487 0.0102 -0.1007 -0.0204 0.0438

p-values control the FDR(simes) 0.5120 0.5120 0.5120 0.6491 0.6170 0.6491 08809 0.5120 0.8487 0.6491

Placental weight

Correlation, r -0.0935 0.0415 -0.1196 0.0860 0.0118 -0.0427 -0.0417 -0.0056 -0.0587 0.0809

p-values control the FDR(simes) 0.5340 0.6724 0.5340 0.5340 0.9320 0.6724 0.6724 0.9320 0.6724 0.5340

trim = trimester

doi:10.1371/journal.pone.0120032.t003
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PCR evaluated overall methylation statuses of a hundred thousand copies of Alu, but only a
few thousand copies of LINE-1. Although there are hundreds of thousands of copies of Alu
and LINE-1, most of LINE-1 are truncated and missing CpG dinucleotide containing 5’UTR.
Therefore, Alu methylation represents genomic methylation more than LINE-1, consequently
genomic stability.

This study is the first to show the correlation of IRS methylation in young adults with that
of new born phenotypes. Therefore, it is highly likely that IRS methylation is quite stable.
There are a number of studies that show differences in IRS methylation in WBC of many dis-
eases [8–14]. Therefore, IRS methylation is a potential marker for disease risk prediction.

An additional study to evaluate Alu methylation levels at birth is useful to prove that Alu
hypermethylation is discoverable at birth. Moreover, Alu methylation level may be useful in
predict in growth rates of new born infants and better nutritional management. This is particu-
larly important because many previous studies found CUG in early life is associated with meta-
bolic syndrome [39][40] and future coronary artery disease [41][42]. Guenard and colleagues
conduct a study to analyse the effect of maternal weight loss surgery (bariatric surgery) on

Table 4. The correlation analysis between the percentage of Alu and LINE-1 methylation in various current risk factors during follow up study
(2010).

Type of methylation Total
Alu

Alu_uu Alu_MM Alu_UM Alu_MU Total
LINE-1

LINE-
1_MM

LINE-
1_UU

LINE-
1_MU

LINE-
1_UM

Factors in follow up study 2010

Age at recent study

Correlation, r 0.0503 -0.0050 0.0815 -0.0294 -0.0805 0.0056 -0.0010 -0.0492 -0.0083 0.0261

p-values control the FDR(simes) 0.9881 0.9881 0.9881 0.9881 0.9881 0.9881 0.9881 0.9881 0.9881 0.9881

Body mass index in recent
study

Correlation, r 0.0307 -0.0788 -0.0295 0.0497 0.1114 -0.0459 -0.0716 -0.1211 -0.0350 0.1391

p-values control the FDR(simes) 0.6541 0.5224 0.6541 0.6541 0.2997 0.6541 0.5224 0.2845 0.6541 0.2845

Waist circumference in recent
study

Correlation, r -0.0013 -0.0324 -0.0364 0.0155 0.0885 -0.0536 -0.0819 -0.1282 -0.0360 0.1532

p-values control the FDR(simes) 0.9839 0.7789 0.7789 0.9049 0.5010 0.7789 0.5010 0.2230 0.7789 0.1620

Plasma cholesterol in recent
study

Correlation, r -0.0063 -0.0361 -0.0498 0.0482 0.0755 -0.0183 -0.0035 0.0604 -0.0228 -0.0034

p-values control the FDR(simes) 0.9589 0.9589 0.9589 0.9589 0.9589 0.9589 0.9589 0.9589 0.9589 0.9589

Fasting glucose in recent
study

Correlation, r -0.0478 0.0655 -0.0145 -0.0858 0.0186 0.0545 0.0671 0.0758 -0.0958 -0.0287

p-values control the FDR(simes) 0.6713 0.6428 0.8270 0.6428 0.8270 0.6582 0.6428 0.6428 0.6428 0.8174

Systolic blood pressure in
recent study

Correlation, r 0.0679 -0.0244 0.0925 -0.0917 0.0077 -0.0123 -0.0162 -0.0653 -0.0523 0.0766

p-values control the FDR(simes) 0.6138 0.9072 0.6138 0.6138 0.9072 0.9072 0.9072 0.6138 0.6892 0.6138

Diastolic blood pressure in
recent study

Correlation, r 0.0773 -0.0369 0.0959 -0.0158 -0.0677 -0.0465 -0.0463 0.0155 -0.1551 0.1423

p-values control the FDR(simes) 0.6015 0.7194 0.4850 0.8133 0.6084 0.6697 0.6697 0.8133 0.1270 0.1270

trim = trimester

doi:10.1371/journal.pone.0120032.t004
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methylation levels of genes involved in cardiometabolic pathway in before surgery and after
surgery [43]. Based on 5,698 genes, the methylation level was differentiated between before sur-
gery and after surgery sibling, indicating a preponderance of glucoregulatory, inflammatory
and vascular disease genes. They also demonstrated previously that the prevalence of obesity,
adiposity, hypertension, dyslipidemia in children born after bariatric surgery was markedly
lower than in sibling born before maternal bariatric surgery[44]. They suggest that these im-
provements in cardiometabolic indicators may be attributable to an improvement intrauterine
environment. Similarly our study found the mean level of Alu methylation was higher in CUG
group than those non-CUG. Maternal in CUG had higher incidence of pregnancy induced hy-
pertension and lower maternal diet of fat in first trimester than those in non-CUG group. Also
CUG group was associated with higher waist circumference and BMI than those in non-CUG
group in adult. These stressed the importance of the intrauterine environment such as nutri-
tional factors and maternal stress in fetal programming [45]. Epigenetics is a potential mecha-
nism of this association.

Conclusions
This study showed the positive correlation between the history of CUG in the first year, and
that higher Alu methylation indicates the role of Alu methylation in the human growth

Fig 3. The boxplots of the total Alu methylation (%) between female andmale.

doi:10.1371/journal.pone.0120032.g003
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process. To our knowledge, this is the first study which demonstrated the association between
a phenotype during the newborn period and IRS methylation during young adulthood. Know-
ing Alu methylation levels at birth may be useful in predicting the growth rate of newborns,
and better nutritional management to prevent metabolic syndrome and coronary artery disease
in adults.
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studies, the results on absolute risks of MI were heterogeneous. 
In comparison to the available randomized studies this metaanalysis 
does not enhance the knowledge about rate and riskfactors of MI after CEA or CAS. 

Reviewer #3: 

This is a very well-analysed systemic review on the periprocedural risks of MI after CEA an CAS. 

The authors state that cervical incision provokes local inflammation, stress and liberation of pro 
inflammatory cytokines that causes prothrombotic state. This prothrombotic state could favor the 
periprocedural risk of MI after CEA. A reference to this statement is missing and should be included.

Peter Rothwell <peter.rothwell@ndcn.ox.ac.uk> Mon, Jun 1, 2015 at 8:19 PM
To: "stroke@strokeahajournal.org" <stroke@strokeahajournal.org>, "touze-e@chu-caen.fr" <touze-e@chu-
caen.fr>
Cc: "marion.boulanger@club-internet.fr" <marion.boulanger@club-internet.fr>, "lcameliere@gmail.com" 
<lcameliere@gmail.com>, "rjrfelgueiras@gmail.com" <rjrfelgueiras@gmail.com>, "berger-l@chu-caen.fr" 
<berger-l@chu-caen.fr>, "rerkase@gmail.com" <rerkase@gmail.com>

Well done!

Peter

From: stroke@strokeahajournal.org [mailto:stroke@strokeahajournal.org] 
Sent: 01 June 2015 14:18
To: touze-e@chu-caen.fr
Cc: marion.boulanger@club-internet.fr; lcameliere@gmail.com; rjrfelgueiras@gmail.com; 
berger-l@chu-caen.fr; rerkase@gmail.com; Peter Rothwell
Subject: STROKE/2015/010052 Decision Letter

[Quoted text hidden]

TOUZE EMMANUEL <touze-e@chu-caen.fr> Tue, Jun 2, 2015 at 3:06 PM
To: "lcameliere@gmail.com" <lcameliere@gmail.com>, "rjrfelgueiras@gmail.com" 
<rjrfelgueiras@gmail.com>, BERGER LUDOVIC <berger-l@chu-caen.fr>, "rerkase@gmail.com" 
<rerkase@gmail.com>, "peter.rothwell@ndcn.ox.ac.uk" <peter.rothwell@ndcn.ox.ac.uk>
Cc: "marion.boulanger@club-internet.fr" <marion.boulanger@club-internet.fr>

Dear all,

As you already know, we got good news from Stroke. The paper requires minor revisions. Well done 
to all. 

May I ask you to submit electronic disclosure and copyright forms on the website as soon as you can. 

Thanks in advance,

Best wishes

Emmanuel 

Page 3 of 4Gmail - STROKE/2015/010052 Decision Letter

3/7/2558https://mail.google.com/mail/u/0/?tf=1&ui=2&ik=a330249956&view=pt&q=touze-e%4...



De : stroke@strokeahajournal.org [mailto:stroke@strokeahajournal.org] 
Envoyé : lundi 1 juin 2015 15:18
À : TOUZE EMMANUEL
Cc : marion.boulanger@club-internet.fr; lcameliere@gmail.com; rjrfelgueiras@gmail.com; 
BERGER LUDOVIC; rerkase@gmail.com; peter.rothwell@ndcn.ox.ac.uk
Objet : STROKE/2015/010052 Decision Letter

[Quoted text hidden]

Kittipan Rerkasem <rerkase@gmail.com> Thu, Jun 4, 2015 at 5:17 PM
To: TOUZE EMMANUEL <touze-e@chu-caen.fr>

Emmanuel

I have submitted these two documents as your previous mail indicated.

Kittipan
[Quoted text hidden]
-- 
ขอแสดงความนับถือ Best Wishes
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Abstract 

Background and Purpose – Carotid Angioplasty and Stenting (CAS) is associated with higher 

risk of periprocedural stroke and death compared with carotid endarterectomy (CEA). By 

contrast, the risk of myocardial infarction (MI) was higher after CEA than after CAS in 

randomized trials. However, numbers were small and risk factors are unknown. We aimed to 

estimate the 30-day absolute risk of MI after CAS and CEA and to determine subgroups at 

higher risk.  

Methods – We performed a systematic review and a meta-analysis of studies published from 

01/1980 to 06/2014 and collected unpublished data. We extracted data on 9 predefined risk 

factors (age, contralateral carotid occlusion, coronary artery disease, diabetes mellitus, sex, 

hypertension, peripheral artery disease, type stenosis, and clinical presentation). We selected 

studies with data available on MI in at least one subgroup, calculated absolute and relative 

risks and identified differential effects on risks of MI. 

Results – The 30-day absolute risk of MI was 0.87% (95%CI, 0.69-1.07) after CEA and 

0.70% (95%CI, 0.54-0.88) after CAS (Pint=0.07). After CAS, patients with symptomatic 

stenosis, restenosis were at higher risk of MI whereas males were at lower risk. After CEA, 

age, history of coronary artery disease, peripheral artery disease, and restenosis increased the 

risk of MI. Only the effect of sex differed between CAS and CEA with males being at lower 

risk of MI than females after CAS whereas there was no difference between after CEA 

(Pint=0.01).  

Conclusions – The risk of MI is slightly higher after CEA than after CAS. Risk factors for MI 

are overall similar in both techniques except that males are at lower risk of MI after CAS but 

not after CEA. 
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Introduction 

Carotid artery stenosis accounts for 15-20% of patients with ischemic stroke (IS) or 

transient ischemic attack (TIA). Carotid endarterectomy (CEA) reduces the absolute risk of IS 

by about 50% in patients with symptomatic or asymptomatic carotid stenosis compared with 

medical treatment.1,2,3 Carotid angioplasty and stenting (CAS) has been evaluated as an 

alternative to CEA for several years. In the 3 European trials conducted in patients with 

symptomatic carotid stenosis, the 30-day risk of stroke or death was higher after CAS than 

after CEA.4 In CREST, a similar higher risk of periprocedural stroke or death was observed in 

symptomatic and asymptomatic carotid stenosis.5 Nevertheless, CEA and CAS have a similar 

long-term beneficial effect.4,5,6,7  

An excess risk of periprocedural MI after CEA was observed in all randomized trials 

(pooled OR=2.23; 95%CI 1.37-3.63, 6 studies, 5725 patients, I2=0%; supplementary figure I). 

Thus, in CREST, the 4-year composite outcome (stroke, MI, death) did not differ between 

CEA and CAS. This excess of MI after CEA is not well understood and the clinical 

importance of these coronary events has been questioned, mainly because small elevations of 

cardiac enzymes were considered in CREST.8,9 On the other hand, it has been shown that 

small elevations of cardiac enzymes after a variety of vascular non cardiac and cardiac 

procedures are associated with increased future mortality and this has also been shown in 

CREST.5,9-17 Thus, while stroke is correlated with functional impairment, MI could be an 

important cause of periprocedural death. Although this finding is consistent across all trials, 

the number of events observed in these trials was small (<100 MI in total) and risk factors for 

periprocedural MI remains unknown. We have recently shown that using a simple rule 

(SCAR rule) could help selecting patients with a similar risk of periprocedural stroke or death 

after CAS as after CEA,18 but it is unknown whether this applies for MI.  We therefore 

performed a systematic review of observational and randomized studies of the risk of 
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periprocedural MI after CAS and CEA in order (1) to assess the absolute risk of 

periprocedural MI and the absolute risk of periprocedural death after CAS and CEA, and (2) 

to identify which risk factors may differ between the 2 interventions.  

   

Methods 

We updated our previous systematic reviews,18,19 from October 1st, 2011 until June 

30th, 2014, following the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) recommendations for reporting.20  

Selection criteria – Eligible studies were those which enrolled patients with symptomatic or 

asymptomatic stenosis located in the region of the carotid bifurcation, treated by CAS or 

CEA, and in which the numbers of MI or death could be extracted for any subgroup among a 

predefined list of 9 risk factors: age (≥ 75-80 years vs. <75-80 years, corresponding to the 

most common cutoffs used to separate elderly from nonelderly patients), contralateral carotid 

occlusion, coronary artery disease, diabetes mellitus, sex (male vs. female), hypertension, 

peripheral artery disease, type of stenosis (restenosis after CEA vs. primary atherosclerotic 

disease) and clinical presentation (symptomatic vs. asymptomatic stenosis). Studies were 

considered irrespective of setting and language. We excluded studies that enrolled only 

specific populations (e.g. postradiation stenosis, restenosis after CEA, and patients treated in 

an emergency context) and case reports. 

For estimation of the absolute risks, we included studies that reported the risks at 30 

days only. For the relative risks analysis, we included all studies that reported periprocedural 

risk (that could be periprocedural, intra-hospital or within 30 days after intervention).  

Search strategy – The search strategy was based primarily on electronic searches of 3 

databases (Medline, Embase and Cochrane Library database) from 1980 until 30th June 2014. 
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(supplementary table III). We hand-searched the references of all included studies and any 

relevant reviews. We also searched books of abstracts from recent conferences that were 

available online, the US Food and Drug Administration (http://fda.gov) and the European 

Medicines Agency (http://emea.europa.eu) databases. We contacted 17 authors of studies 

published after 2003 with data on the risk of periprocedural MI but with no data available on 

subgroups. We also added a retrospective registry from the vascular surgery department of 

our hospital (Caen University Hospital, France) of all patients treated by CEA from 2000 until 

2013. In case of multiple publications referred to the same population, we retained one with 

data of the most important number of patients or the most relevant for the studied subgroup.  

 

Analysis 

Absolute risk – Proportion of MI and death were calculated after CAS and CEA. Each 

individual proportion was first transformed into a quantity with the Freeman-Tukey variance 

stabilizing transformation.21 A weighted mean of the transformed proportions was computed 

by using a DerSimonian-Laird random effects model.22 The combined proportion was 

calculated as the back-transform of this weighted mean.23 We estimated the median year of 

the period of inclusion (mid-cohort year) and analyzed the evolution of the absolute risks over 

time by meta-regressions.  

Relative risks – For each of the 9 potential risk factors and separately for studies of CAS and 

CEA, we calculated the relative risks (RR) of a periprocedural event in patients versus those 

without the risk factor. Because of differences between studies in which the risk factor data 

were reported, the numbers of studies (and patients) included in each meta-analysis differed. 

When zero cell count was observed in 1 group or both groups (i.e., patients with and without 

the risk factor) we used a continuity correction, by adding a factor proportional to the 

reciprocal of the size of the contrasting study group to all cells.24 Homogeneity of RR across 

studies in each meta-analysis was assessed using the I2 statistic. I2 >30% represents moderate 
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heterogeneity, I2 >50% substantial heterogeneity and I2 >70% considerable heterogeneity. For 

each risk factor, we assessed whether the effect on the periprocedural risk of event differed 

between CAS and CEA by performing an interaction test using random effects meta-

regressions. As recommended for such analyses, we considered a probability value of  ≤0.10 

as evidence of statistically significant interaction.25 Statistical analyses were performed with 

SAS 9.2 and STATA 11.0. 
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Results 

Of the 1584 articles identified from our update of the electronic searches, 147 abstracts 

were screened, 140 references were retrieved for assessment in full text and 96 references 

were finally eligible for the systematic review (supplementary figure II). 

In addition, we added 202 references obtained from other sources: (1) 200 references 

from our previous systematic review;18 (2) one reference from our own registry from the 

department of vascular surgery (2000 to 2013); (3) one reference for which unpublished data 

was obtained (i.e., the only author who replied).26 These 202 references and the 96 references 

obtained from electronic searches were screened and we secondly excluded 25 references 

corresponding to multiple publications referring to same population. Therefore, 273 

references were included corresponding to 120 independent populations (studies). The list of 

all references included in the systematic review is available in the supplementary data. 

 
30-day absolute risk of MI 

We included 52 independent studies of CEA (62,336 patients) and 68 independent 

studies of CAS (31,843 patients) for the calculation of the absolute risk of MI. The 

characteristics of these studies and those of the 1,609 patients from our own registry, the list 

of references and the list of all references included in the systematic review are shown in 

supplementary tables I and II. 

Only 29 (56%) out of 52 CEA studies and 13 (19%) out of the 68 CAS studies 

provided an explicit definition of MI. Table 1 shows that MI definitions varied across studies, 

being based on clinical parameters (chest pain suggestive of coronary ischemia), and/or 

biology (elevation of myocardial necrosis enzymes levels such as creatine kinase (CK), CK-

MB or troponin), and/or ECG changes (development of pathological Q waves, new significant 

ST segment changes or T waves changes or new left bundle branch block). In our registry, MI 

was defined as a chest pain associated with ECG changes (development of pathological Q 
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waves, new significant ST segment changes or T waves changes or new left bundle branch 

block) or/and elevation of troponin higher than the laboratory limit.  

The pooled 30-day absolute risk of MI was 0.87% (95%CI, 0.69-1.07, I2=81%) after 

CEA and 0.70% (95%CI, 0.54-0.88, I2=59%) after CAS (Pint=0.07). In meta-regressions 

analyses using the mid-cohort year as covariate, the absolute risk of MI did not vary over time 

neither in CAS studies (since 1990, p=0.82) nor in CEA studies (since 1980, p=0.54) 

(supplementary figure III).   

 

30-day absolute risk of death  

We included 101 independent studies of CEA (30,553 patients) and 83 independent 

studies of CAS (39,184 patients) for the calculation of the 30-day absolute risk of death. The 

pooled 30-day absolute risk of death was 0.64% (95%CI, 0.53-0.75; I2=88%) after CEA and 

1.03% (95%CI, 0.83-1.26; I2=70%) after CAS (Pint=0.25). In metaregression analyses, the 

risk of death slightly decreased over time in CEA studies (p<0.001) but did not changed in 

CAS studies (Pint=0.80). There was no interaction between CAS and CEA (Pint=0.17) (figure 

not shown) 

 

30-day proportion of death related to stroke and MI 

 Afterwards, we retained only studies that had recorded the 30-day proportions of death 

attributable to stroke (stroke-death) and/or death attributable to MI (MI-death). We included 

35 independent studies of CEA (24,690 patients) and 21 independent studies of CAS (7,321 

patients) in this analysis. The proportion of stroke-death was 35% (95%CI, 25-46, I2=53%) 

after CEA and 42% (95%CI, 25-60, I2=67%) after CAS. The proportion of MI-death was 24% 

(95%CI, 17-31, I2=30%) after CEA and 18% (95%CI, 8-29, I2=47%) after CAS. 
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Risk factors for periprocedural MI 

Figure 1 shows the relative risks of periprocedural MI according to the 9 potential risk 

factors. Patients with symptomatic stenosis, restenosis were at higher risk of MI whereas 

males were at lower risk of MI after CAS. Older age, coronary artery disease, peripheral 

artery disease, and restenosis increased the risk of MI after CEA. Only the effect of sex 

differed between CAS and CEA with males being at lower risk of MI than females after CAS 

whereas there was no difference after CEA (Pint=0.01).  

 

Risk factors for periprocedural death 

Figure 2 shows the relative risks of periprocedural death according to the 9 potential 

risk factors. Older age and symptomatic stenosis were associated with a higher risk of death 

after CAS. Older age, contralateral occlusion, coronary heart disease, diabetes, peripheral 

artery disease, and symptomatic stenosis were associated with a higher risk of death after 

CAS. We did not found any differential effect on death between CAS and CEA. 

 

Discussion 

We have shown that the 30-day absolute risk of MI is slightly higher after CEA than 

after CAS, but with a small absolute difference (0.87% vs. 0.70%) and that there was no 

major factors that could help to identify patients with a differential risk of MI after CEA 

compared to CAS.  

The absolute risk of MI we found after CEA was lower than the one found in a pooled 

analysis restricted to randomized trials only (1.87%). By contrast, the absolute risk of MI after 

CAS was comparable to that observed in randomized trials (0.75%). The risk of MI after CEA 

could have been underestimated because we included retrospective registries, but a similar 

underestimation should have been found for CAS. As overall, CEA registries were carried out 
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earlier than CAS registries and because definition of MI has changed over time, there is a 

possibility that MI was less likely to be diagnosed in the past. If this excess of periprocedural 

MI after CEA compared to CAS is true, the reasons remain unclear. First, the use of combined 

antiplatelet therapy (aspirin/clopidogrel for at least 1 month) in CAS but not in CEA might 

explain the absolute difference between CAS and CEA. Combined antiplatelet therapy is not 

commonly used in patients scheduled for CEA as it seems to increase the risk of bleeding and 

to slow down healing. Second, the type of anesthesia differs between CEA and CAS. CAS is 

performed under local anesthesia while, depending on centers, CEA is performed under 

general or locoregional anesthesia. Although the periprocedural risk of stroke and death at 30 

days does not differ between the two types of anesthetic techniques after CEA,27 there is no 

data on the risk of MI. One randomized controlled trial reported a two-fold higher risk of MI 

at 30 days after general anesthesia compared with local anesthesia, but the number of events 

was small (3/52 vs 1/55) and all cases had known coronary artery disease.28 Thus, considering 

the few number of studies it remains difficult to know the exact influence of anesthesia 

technique on the risk of MI after CEA and CAS. Third, cervical incision provokes local 

inflammation, stress and liberation of pro-inflammatory cytokines that causes pro-thrombotic 

state. This pro-thrombotic state could favor the periprocedural risk of MI after CEA.  

Non-cardiac vascular surgery (carotid artery, lower extremity artery, abdominal aortic 

aneurysm) is associated with a periprocedural risk of MI, mainly because atherosclerosis is a 

systematic disease. In a meta-analysis, this risk has been estimated to vary between 1 and 

26%.16 As expected, in our study, the main risk factor for periprocedural MI was a history of 

coronary artery disease. The periprocedural risk of MI after surgery and angioplasty/stenting 

has never been compared in other atherosclerotic arteries. Thus uncertainty remains on 

whether our results are specific or not of the carotid artery.  
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Sex had a differential effect on the risk of MI between CAS and CEA. As compared to 

what we found for stroke and death, sex was the only factor that differed between the 2 

techniques.18 Males were at lower risk of MI than females after CAS. On the contrary, in our 

previous meta-analysis, male sex was associated with a lower risk of periprocedural stroke or 

death after CEA whereas sex had no significant influence on the risk after CAS. Considering 

the huge number of studies included for this subgroup and the absence of heterogeneity in our 

analyses on MI, the effect is likely to be true. However, it remains difficult to explain. No data 

is available on the influence of sex on the periprocedural risk of MI after angioplasty/stenting 

and surgery in other atherosclerotic arteries.  

Our analysis has several potential limitations. First, the numbers of events were 

sometimes small and because of the population case-mix, our results on absolute risks were 

heterogeneous (I2=81% for CEA and 59% for CAS). However, this heterogeneity is common 

in the combination of absolute risks. We consequently used random effects models. In 

opposite, there was no or little heterogeneity in analyses dedicated to risk factors. Second, MI 

definitions have varied over time and between studies, especially the use of cardiac 

biomarkers has changed (CK appeared first then CK-MB and troponin is now used since a 

decade). However, this has probably not affected the estimate of the risk of MI. Diagnosis of 

MI in studies was based, when available, on the presence of several parameters (clinical 

symptoms and at least one parameter among biology or ECG). It is common knowledge that 

elevation of cardiac biomarkers can occur after vascular carotid procedure. For this reason, 

biomarkers elevation without symptoms suggestive of coronary ischemia or ECG changes 

were not included in the calculation of the absolute risk of MI. Furthermore, in spite of 

changes in MI definition over time, the absolute risk of MI has not changed over time. Third, 

we were not able to validate our results on sex in randomized controlled trials. Few 

randomized controlled trials have recorded data on MI for sex subgroup. Moreover, the total 
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number of events in these randomized trials was too small to assess the reproducibility of our 

results. Fourth, we only included studies that reported events in at least one of the 9 

predefined subgroups for the calculation of the absolute risk of MI and death. However, this 

should not have introduced selection bias. On the one hand, we excluded most of the 

randomized controlled trials; on the other hand, the ones retained were the randomized 

controlled trials with larger sample size than those excluded and had therefore more precise 

estimations of absolute risks. Additionally, 8% of total of references eligible (from our 

previous systematic review and update) were excluded due to absence of data on subgroup 

that represents a negligible proportion. 

Randomized controlled trials have shown that stroke is the main cause of 

periprocedural death after carotid revascularization.2,29-31 Our results do not support that MI is 

an important cause of periprocedural death. Therefore, it appears more relevant to focus on 

the risk factors for periprocedural stroke to better understand the risk factors for 

periprocedural death. Although we found that male sex is associated with a lower risk of MI 

compared with female sex after CAS, this should not be considered as a major criteria to 

select candidates for CAS, because MI is far less common than stroke, MI accounts little for 

periprocedural death, and male sex is a strong risk factor for periprocedural stroke or death 

after CAS.  
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Figure 1. Meta-analyses of the relative risk of MI after CAS and CEA according to the 9 

potential risk factors. 

 

 

 

 

N indicates number of studies; n1, number of events in patients with clinical factor; N1, 

number of patients with clinical factor; n0, number of events in patients without clinical 

factor; N0, number of patients without clinical factor; Phet, Cochran homogeneity test 

probability value; Pint , P interaction; Psig, P significance; and RR, relative risk. 
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Figure 2. Meta-analyses of the relative risk of death after CAS and CEA according to 

the 9 potential risk factors.  

 

 

N indicates number of studies; n1, number of events in patients with clinical factor; N1, 

number of patients with clinical factor; n0, number of events in patients without clinical 

factor; N0, number of patients without clinical factor; Phet, Cochran homogeneity test 

probability value; Pint , P interaction; Psig, P significance; and RR, relative risk. 
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Table 1. MI definitions used in the studies included for the calculation of the 30-day 
absolute risk of MI 
 
 

CAS 

(N= 68 studies) 

CEA 

(N= 52 studies) 

MI definitions N (%) N (%) 

Symptoms suggestive of MI  
and CK-MB or troponin 
elevation and ECG changes 

5 (7) 11 (21) 

Symptoms suggestive of MI  
and CK-MB elevation and ECG 
changes 

4 (6) 15 (29) 

Symptoms suggestive of MI  
and  troponin elevation and 
ECG changes 

3 (4) 3 (6) 

Symptoms suggestive of MI  
and ECG changes without 
biological markers 

1 (1) 
 

0 

No explicit definition 55 (81) 23 (44) 
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Supplementary table I - Characteristics of studies included for the calculation of the 30-
day absolute risk of MI. 

 

CAS CEA 
68 studies (31,843 patients) 52 studies (62336 patients) 

Characteristics Value N (%)*  
N studies with 
data available

Value N (%)*  
N studies with 
data available  

Mean number of 
patients per study 
(min/max) 

468  
(20/3,737) 

68 
1,199 

(65/9,440) 
52 

Mean age (years) 71.4 61 69.5 39 
Male  18,818 (67) 59 27,473 (60) 40 
Symptomatic 
stenosis 

11,066 (46) 60 25,923 (54) 43  *Except where stated otherwise in the table 
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Supplementary table II - Characteristics of the patients treated by CEA at Caen 

University Hospital from 2000 to 2013. 

 Caen University Hospital registry 
(N= 1609) 

Characteristics N (%) *  
  
Mean age (years) 71,8 
Minimal /Maximal age (years) 43/97 
Age > 80 ans 400 (25) 
Males 1170 (73) 
Hypertension 1317 (82) 
Coronary artery disease 574 (36) 
Diabetes 397 (25) 
Symptomatic stenosis 578 (36)  *Except where stated otherwise in the table 
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Supplementary table III - Search Strategy. 

 (((((((carotid stenosis[MeSH Terms]) AND stenting[MeSH Terms]) OR angioplasty[MeSH 

Terms]) OR endarterectomy[MeSH Terms]) AND myocardial infarction[MeSH Terms]) 

AND outcome[MeSH Terms]) OR death[MeSH Terms]) AND humans[MeSH Terms] AND 

("2011/10"[Date - Publication] : "2014/07"[Date - Publication]) 
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Supplementary figure I - Risk of periprocedural MI in all randomized controlled trials 

comparing CAS (carotid angioplasty stenting) and CEA (carotid endarterectomy). 

 
The risk of periprocedural MI was 0.75% (95% CI, 0.31-1.39) after CAS and 1.87% (95% CI,0.84-3.31) after 

CEA. The following trials CARESS, LEICESTER, SPACE, TESCAS, and WALLSTENT, did not assess 

periprocedural MI.  
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Supplementary figure II - Flow chart for selection of studies. 
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Supplementary figure III - Evolution of the absolute risk of MI at 30 days according to 

the mid-cohort year in CAS and CEA studies from 1980 à 2014 by meta-regressions.  

 

 

The size of each circle is inversely proportional to the variance of the absolute risk. 

The absolute risk of MI according to mid-cohort year did not vary over time neither in CAS studies (since 1990, 
p=0.82) nor in CEA studies (since 1980, p=0.54).
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Katzen B et al. Am J Cardiol 2006;98:11M.  (death and MI) 
Kawabata Y et al. J Vasc Interv Radiol 2009;20:9-16. (death) 
Kfoury E et al.  Vasc Endovascular Surg 2013;47:599-602. (death and MI) 
Lam RC et al. J Vasc Surg. 2007;45:875-880. (death and MI) 
Langhoff R et al. Vasc Endovasc Surg 2014;48:317-324. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Matsumura JS et al. J Vasc Surg 2012;55:968-977. (death and MI) 
Myla S et al. Catheter Cardiovasc Interv 2010;75:817-822. (death and MI) 
Pinter L et al. J Vasc Surg 2011;54:1317-1323. (death and MI) 
Safian RD et al. J Am Coll Cardiol 2006;47:2384-2389. (death and MI) 
Schlutler M et al. J Endovasc Ther 2007;14:271-278. (death) 
Setacci C et al. J Endovasc Ther 2006;13:302-309 (death and MI) 
Shawl F et al. J Am Coll Cardiol 2000;35:1721-1728. (death and MI) 
Sztriha LK et al. Stroke 2004;35:2862-2866. (MI) 
Takayama K et al. Radiat Med 2008; 26:348-354. (death and MI) 
Tatli E et al. Postep Kardiol Inter 2013;9(33): 221–227. (death and MI) 
Tedesco MM et al. J Vasc Surg 2009;49:607-613. (death)  
Teitelbaum GP et al. Surgical Neurology1998;50:300-311. (death and MI) 
Zahn R et al. Eur Heart J 2007;28:370-375. (death and MI) 
Zarins CK et al. J Endovasc Ther 2009;16:397-409. (death and MI) 
 
CEA 
Aune S et al. Int Angiol. 2003;22:421-425. (death) 
Allcutt DA et al. Br J Neurosurg. 1991;5:257-264. (death and MI) 
Alozairi O et al. Eur J Vasc Endovasc Surg. 2003;26:245-249. (death) 
Ballotta E et al. J Vasc Surg. 2009;50:518-25. (death and MI) 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
Brott T et al. Stroke 1984;15;950-955. (death) 
Brown KE et al. Ann Vas Surg 2009,23:439-445. (death) 
Cartier B et al. Ann Vasc Surg 2002;16:751-725. (death and MI) 
Coyle KA et al. Ann Vasc Surg 1994;8:417-420. (death and MI) 
Dorafshar AH et al. Ann Vasc Surg 2004;18:729-735. (death and MI) 
Duran Marino JL et al. Rev Esp Geriatr Gerontol 2011;46:121-124. (death) 
ECST Lancet 1998; 351:1379-1387. (death and MI) 
Faggioli G et al. J Vasc Interv Radiol 2013; 24:370-377. (death and MI) 
Goldmann KA et al. Vascular Surgery 1999;33:451-459. (death and MI) 
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Goldstein LB et al. Stroke 1994;25:1116-1121. (death and MI) 
Kang JL et al. J Vasc Surg 2009;49:331-339. (death) 
Kerdiles Y et al. J Cardiovasc Surg 1997;38:327-334. (death and MI) 
Kfoury E et al. Vasc Endovascular Surg 2013;47:599-602. (death and MI) 
Kucey DS et al. J Vasc Surg 1998;28:1051-1058. (death) 
Lau D et al. The American Journal of Surgery 2005;190:795-799. (death and MI) 
Love A et al. Cardiovascular Surgery 2000;8:429-435. (death) 
Magnadottir HB et al. Neurosurgery 1999;45:786-791. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Maxwell JG et al. Am Surg 2000;66:773-780. (death) 
Menyhei G et al. Eur J Vasc Endovasc Surg 2011;41:735e740. (death) 
Middleton S et al. J Vasc Surg 2002;36:62-69. (death and MI) 
Miller MT et al. J Vasc Surg 2005;41:231-237. (death and MI) 
Navas I et al. Neurología 2008;23:408-414. (death) 
Nunnelee JD et al. Geriatr Nurs 1995;15:121-123. (death and MI) 
Ommer A et al. Cardiovasc Surg 2001;9:552-558. (death) 
Organ N et al. Eur J Vasc Endovasc Surg 2008;35:273-279. (death) 
Ouriel K et al. Surg Gynecol Obst 1986;162:334-336. (death and MI) 
Papachristou EA et al. Vascular Surgery 1994;28:531-537. (death and MI) 
Perler BA et al. Cardiovasc Surg 1995;3:631-636. (death and MI) 
Pruner G et al. Cardiovasc Surgery 2003;11:105-112. (death and MI) 
Reed AB et al. J Vasc Surg 2003;37:1191-1199. (death and MI) 
Rockman CB et al. Ann Vasc Surg 2003;17:9-14. (death and MI) 
Salameh JR et al. Arch Surg 2002;137:1284-1287. (death and MI) 
Schneider JR et al. J Vasc Surg 2000;31:927-35 (death and MI) 
Schultz RD et al. Surg Gynecol Obstet 1988;166:245-251. (death) 
Sokol D et al. Acta Neurochir 2011;153:363-369. (death and MI) 
Sternbergh WC et al. The Ochsner Journal 2003;5:23-29. (death) 
Stoner MC et al. Vasc Surg 2006;43:285-296. (death) 
Teso D et al. J Am Coll Surg 2005; 200:734-741. (death) 
Thomas PC et al. Aust N Z J Surg 1996;66:231-234. (death and MI) 
Ting ACW et al. Cardiovascular Surgery, 2000;8:441-445. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
Van Damme H et al. Acta Chir Belg 1996;96:71-77. (death and MI) 
Young B et al. Stroke. 1996;27:2216-2224. (death and MI) 
Zarins CK et al. J Endovasc Ther 2009;16:397-409. (death and MI) 
 
Sub-group: Contralateral occlusion 
CAS 
Clark DJ et al. Catheter Cardiovasc Interv 2004; 63:355-362. (death) 
Hofmann R et al. Stroke 2006;37:2557-2561. (MI) 
Kao HL et al. Cardiology 2002;97:89-93. (MI) 
Kawabata Y et al. J Vasc Interv Radiol 2009;20:9-16. (death) 
Keldahl ML et al. Ann Vasc Surg 2012;26:40-45. (death and MI) 
Lanzer P et al. Clin Res Cardiol 2006;95:4-12. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Massop D et al. Catheter Cardiovasc Interv 2009;73:129-136. (death) 
Mehta RH et al. Am J Cardiol 2009;104:725-731. (death and MI) 
Pinter L et al. J Vasc Surg 2011;54:1317-1323. (death and MI) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Veselka J et al. Ann Vasc Surg 2011;25:796-804. (death and MI) 
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CEA 
AbuRahma AF et al. Stroke 2000;31:1566-1571. (death and MI) 
Allcutt DA et al. Br J Neurosurg 1991;5:257-264. (death and MI) 
Ballotta E et al. Langenbeck’s Arch Surg 2002;387:216-221. (death and MI) 
Barnett HJM et al. N Engl J Med 1998; 339:1415-1425. (death and MI) 
Bunt TJ et al. Am Surg 1985;51:61-69. (death) 
Cao P et al. Eur J Vasc Endovasc Surg 1995;10:16-22. (death and MI) 
da Silva AF et al. Br J Surg 1996;83:1370-1372. (death) 
Domenig C et al. Ann Vasc Surg 2003;17:622-628. (death and MI) 
Deriu GP et al. Ann Vasc Surg 1994;8:337-342. (death) 
ECST Lancet 1998;351:1379-1387. (death and MI) 
Fitzpatrick CM et al. Mil Med 2005;170:1069-1074. (death and MI) 
Furst H et al. World J Surg 2001;25:969-974. (MI) 
Grego F et al. Ann Vasc Surg 2005;19:882-889. (death) 
Jansen C et al. Ann Vasc Surg 1993;7:95-101. (death) 
Karmeli R et al. Cardiovasc Surg 2001;9:334-338. (death) 
Lacroix H et al. Cardiovasc Surg 1994;2:26-31. (death) 
Mackey WC et al. J Vasc Surg 1990;11:778-83 (death) 
Magnadottir HB et al. Neurosurgery 1999;45:786-791. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Mattos MA et al. Surgery 1992;112:670-679. (death) 
Menyhei G et al. Eur J Vasc Endovasc Surg 2011;41:735e740. (death) 
McCarthy WJ et al. Am J Surg 1993;166:168-171. (death) 
Perler BA et al. J Vasc Surg 1992;16:347-352. (death and MI) 
Plestis KA et al. J Vasc Surg 1996;24:109-119. (death) 
Reed AB et al. J Vasc Surg 2003;37:1191-1199. (death) 
Rockman CB et al. Ann Vasc Surg 2003;17:9-14. (death and MI) 
Samson RH et al. Cardiovasc Surg 1998; 6:475-484. (death and MI) 
Schneider JR et al. J Vasc Surg 2002;35:1114-1122. (death) 
Simo G et al. Cardiovasc Surg 2001;9:29-29. (death) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
Young B et al. Stroke 1996;27:2216-24. (death and MI) 
 
Sub-group: Coronary artery disease 
CAS 
Aydiner O et al. Anadolu Kardiyol Derg 2007;7:152-157. (death and MI) 
Balashankar GS et al. Indian Heart J. 2008;60:325-329. (MI) 
Gupta AK et al. Neurol India 2006;54:68-72. (death and MI) 
Hofmann R et al. Stroke 2006;37:2557-2561. (MI) 
Lanzer P et al. Clin Res Cardiol 2006;95:4-12. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Tatli E et al. Postep Kardiol Inter 2013;9:221-227. (death and MI) 
Tedesco MM et al. J Vasc Surg 2009;49:607-613. (death) 
 
CEA 
Allcutt DA et al. Br J Neurosurg 1991;5:257-264. (death and MI) 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
ECST Lancet 1998; 351:1379-1387. (death and MI) 
Faggioli G et al. J Vasc Interv Radiol 2013;24:370-377. (death and MI) 
Furst H et al. World J Surg 2001;25:969-974. (death and MI) 
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Kucey DS et al. J Vasc Surg 1998; 28:1051-1058. (death) 
Magnadottir HB et al. Neurosurgery 1999;45:786-791. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Radak DJ et al. Ann Vasc Surg 2010;24:185-189. (death) 
Papachristou EA et al. Vascular Surgery 1994;28:531-537. (death) 
Plestis KA et al. J Vasc Surg 1996;24:109-119. (death) 
Posaciogliu H et al. Tex Heart Inst J 2008;35:395-401. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
Young B et al. Stroke. 1996;27:2216-2224. (death and MI) 
 
Sub-group: Diabetes 
CAS 
Aydiner O et al. Anadolu Kardiyol Derg 2007;7:152-157. (death and MI) 
Balashankar GS et al. Indian Heart J. 2008;60:325-329. (MI) 
Clark DJ et al. Catheter Cardiovasc Interv 2004;63:355-362. (MI) 
Criado E et al. Am J Cardiol 2006;98(suppl1). (death and MI) 
Gurm HS et al. Catheter Cardiovasc Interv 2007;69:541-545. (death and MI) 
Hofmann R et al. Stroke 2006;37:2557-2561. (MI) 
Kawabata Y et al. J Vasc Interv Radiol 2009;20:9-16. (death) 
Lanzer P et al. Clin Res Cardiol 2006;95:4-12. (death) 
Pinter L et al. J Vasc Surg 2011;54:1317-1323. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Schlutler M et al. J Endovasc Ther 2007;14:271–278. (death) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Tedesco MM et al. J Vasc Surg 2009;49:607-613. (death) 
 
CEA 
Aguiar ET et al. Sao Paulo Medical Journal 2001;119:206-211. (death and MI) 
Allcutt DA et al. Br J Neurosurg 1991;5:257-264. (death and MI) 
Ballotta E et al. Langenbeck’s Arch Surg 2002;387:216-221. (death and MI) 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
Dorigo W et al. J Vasc Surg 2011;53:44-52. (death) 
ECST Lancet 1998;351:1379-1387. (death and MI) 
Debing E et al. Vasc Endovasc Surg 2011;45:28-32. (death) 
Faggioli G et al. J Vasc Interv Radiol 2013;24:370-377. (death and MI) 
Furst H et al. World J Surg 2001;25:969-974. (death and MI) 
Kang JL et al. J Vasc Surg 2009;49:331-339. (death) 
Kucey DS et al. J Vasc Surg 1998;28:1051-1058. (death) 
Magnadottir HB et al. Neurosurgery 1999;45:786-791. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Mommertz G et al. J Cardiovasc Surg 2009;50:665-668. (death and MI) 
Papacristou EA et al. Vascular Surgery 1994;28:531-537. (MI) 
Pistolese GR et al. J Vasc Surg 2001;33:148-154. (death and MI) 
Plestis KA et al. J Vasc Surg 1996;24:109-119. (death) 
Posaciogliu H et al. Tex Heart Inst J 2008;35:395-401. (death) 
Radak DJ et al. Ann Vasc Surg 2010;24:185-189. (death) 
Rigdon EE et al. Am Surg 1998;6:527-530. (death) 
Rockman CB et al. Ann Vasc Surg 2003;17: 9-14. (death and MI) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Stoner MC et al. J Vasc Surg 2006;43:285-295. (death) 
Teso D et al. J Am Coll Surg 2005;200:734-741. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
Young B et al. Stroke. 1996;27:2216-2224. (death and MI) 
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Sub-group: Sex 
CAS 
Allison SK et al. J Am Coll Surg 2011;213:173-179. (MI) 
Arjomand H et al. J Am Coll cardiol 2008;52(suppl2). (death and MI) 
Aydiner O et al. Anadolu Kardiyol Derg 2007;7:152-157. (death and MI) 
Balashankar GS et al. Indian Heart J. 2008;60:325-329. (MI) 
Bayram N et al. Perfusion 2012;27:146-149. (death and MI) 
Biasi GM et al. Circulation 2004;110;756-762. (death) 
Bisdas T et al. European J of Vasc Endovasc Surg 2012;44:244-250. (death and MI) 
Clark DJ et al. Catheter Cardiovasc Interv 2004;63:355-362. (MI) 
Goldstein LJ et al. J Vasc Surg 2009;49:315-324. (death and MI) 
Gonzales-Marcos JR et al. Int J Stroke 2006;1(suppl1). (MI) 
Gupta AK et al. Neurol India 2006;54:68-72. (death and MI) 
Howard VJ et al. Stroke 2009;40:1140-1147. (death and MI) 
Jim J et al. J Vasc Surg 2014;59:742-8 (death and MI) 
Kawabata Y et al. J Vasc Interv Radiol 2009;20:9-16. (death and MI) 
Kypta A et al. Am J Cardiol 2006;98(suppl1):244M. (death) 
Langhoff R et al. Vasc Endovasc Surg 2014;48:317-324. (death and MI) 
Lihara K et al. J Neurosurg 2006;105:546-554. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Park BD et al. J Vasc Surg 2009;50:526-533. (death and MI) 
Pinter L et al. J Vasc Surg 2011;54:1317-1323. (death and MI) 
Sidawy AN et al. J Vasc Surg 2009;49:71-79. (death and MI) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Sztriha LK et al. Stroke 2004;35:2862-2866. (death) 
Takayama K et al. Radiat Med 2008;26:348-354. (death and MI) 
Tatli E et al. Postep Kardiol Inter 2013;9:221-227. (death and MI) 
Tietke MW et al. Neuroradiology 2010;52:611-618. (death) 
Teitelbaum GP et al. Surgical Neurology1998;50:300-311. (death and MI) 
Tedesco MM et al. J Vasc Surg 2009;49:607-613. (death) 
 
CEA 
Archie JP et al. J Vasc Surg 1999;29:654-664. (death) 
Aguiar ET et al. Sao Paulo Medical Journal 2001;119:206-211. (MI) 
Akbari CM et al. J Vasc Surg 2000;31:1103-1109. (death and MI) 
Ballotta E et al. Ann Surg 2000;232:119-125. (death and MI) 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
Bisdas T et al. European J of Vasc Endovasc Surg 2012;44:244-250. (death and MI) 
Blohme L et al. Eur J Vasc Endovasc Surg 1999;17:213-218. (MI) 
Chang JB et al. Vasc Endovasc Surg 2002;36:21-27. (death and MI) 
Dorigo W et al. J Vasc Surg 2009;50:1301-1307. (death and MI) 
Eckstein HH et al. J Vasc Surg 2002;36:997-1004. (death and MI) 
ECST Lancet 1998; 351:1379-1387. (death and MI) 
Faggioli G et al. J Vasc Interv Radiol 2013;24:370-377. (death and MI) 
Furst H et al. World J Surg 2001;25:969-974. (death and MI) 
Harthun NL et al. J Vasc Surg 2005;41:223-230. (death) 
Hartmann A et al. Cerebrovasc Dis 1999;9:152-156. (death) 
Howard VJ et al. Lancet Neurol 2011;10:530-537. (death) 
Hugl B et al. Ann Vasc Surg 2006;20:602-608. (death) 
James DC et al. Am J Surg 2001;182:654-657. (death and MI) 
Jim J et al. J Vasc Surg 2014;59:742-748. (death and MI) 
Kapral MK et al. Stroke 2003;34:1120-1124. (death) 
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Kapral MK et al. J Women’s Health Gender Med 2000;9:987-994. (death) 
Kucey DS et al. J Vasc Surg 1998;28:1051-1058. (death) 
Lane JS et al. J Vasc Surg 2003;37:568-574. (death) 
Magnadottir HB et al. Neurosurgery 1999;45:786-791. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Mattos MA et al. Annals of Surgery 2001;234:438-446. (death and MI) 
Middleton S et al. J Vasc Surg 2002;36:62-69. (death and MI) 
Menyhei G et al. Eur J Vasc Endovasc Surg 2011;41:735e740. (death) 
Mommertz G et al. J Cardiovasc Surg 2009;50:665-668. (death and MI) 
Papachristou EA et al. Vascular Surgery 1994;28:531-537. (death) 
Park BD et al. J Vasc Surg 2009;50:526-533. (death and MI) 
Perler BA et al. Cardiovasc Surg 1995;3:631-636. (death) 
Plestis KA et al. J Vasc Surg 1996;24:109-119. (death) 
Posaciogliu H et al. Tex Heart Inst J 2008;35:395-401. (death) 
Rigdon EE et al. Am Surg 1998;6:527-530. (death) 
Rockman CB et al. J Vasc Surg 2001;33:236-241. (death and MI) 
Sarac TP et al. J Vasc Surg 2002;35:748-753. (death) 
Schneider JR et al. J Vasc Surg 1997;25:890-898. (death and MI) 
Sidawy AN et al. J Vasc Surg 2009;49:71-79. (death and MI) 
Sokol D et al. Acta Neurochir 2011;153:363-369. (death and MI) 
Sternbach Y et al. Surgery 2000;127:272-275. (death and MI) 
Stoner MC et al. J Vasc Surg 2006;43:285-295. (death) 
Syrek JR et al. Surgery 1999;125:96-101. (death) 
Teso D et al. J Am Coll Surg 2005;200:734–741. (death) 
Vigo J et al. Bol Assoc Med P R 1992;84:128-131. (death) 
Zenonos G et al. Neurosurgery 2012;70:646-655. (MI) 
Kang JL et al. J Vasc Surg 2009;49:331-339. (death) 
 
Sub-group: Hypertension 
CAS 
Aydiner O et al. Anadolu Kardiyol Derg 2007;7:152-157. (death and MI) 
Balashankar GS et al. Indian Heart J. 2008;60:325-329. (MI) 
Gupta AK et al. Neurol India 2006;54:68-72. (death and MI) 
Hofmann R et al. Stroke 2006;37:2557-2561. (MI) 
Kawabata Y et al. J Vasc Interv Radiol 2009;20:9-16. (death and MI) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Tedesco MM et al. J Vasc Surg 2009;49:607-613. (death) 
 
CEA 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
ECST Lancet 1998;351:1379-1387. (death and MI) 
Faggioli G et al. J Vasc Interv Radiol 2013;24:370-377. (death and MI) 
Furst H et al. World J Surg 2001;25:969-974. (death and MI) 
Kang JL et al. J Vasc Surg 2009;49:331-339. (death) 
Kucey DS et al. J Vasc Surg 1998;28:1051-1058. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Mommertz G et al. J Cardiovasc Surg 2009;50:665-668. (death and MI) 
Papachristou EA et al. Vascular Surgery 1994;28:531-537. (MI) 
Plestis KA et al. J Vasc Surg 1996;24:109-119. (death) 
Posaciogliu H et al. Tex Heart Inst J 2008;35:395-401. (death) 
Radak DJ et al. Ann Vasc Surg 2010;24:185-189. (death) 
Rigdon EE et al. Am Surg 1998;6:527-530. (death) 
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Stingele R et al. Lancet Neurol 2008;7:216-222. (death) 
Teso D et al. J AmColl Surg 2005;200:734-741. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
Young B et al. Stroke 1996;27:2216-2224. (death and MI) 
 
Sub-group: Peripheral artery disease 
CAS 
Aydiner O et al. Anadolu Kardiyol Derg 2007;7:152-157. (death and MI) 
Hofmann R et al. Stroke 2006;37:2557-2561. (MI) 
Lanzer P et al. Clin Res Cardiol 2006;95:4-12. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
 
CEA 
Allcutt DA et al. Br J Neurosurg 1991;5:257-264. (death and MI) 
Barnett HJM et al. N Engl J Med 1998;339:1415-1425. (death and MI) 
ECST Lancet 1998;351:1379-1387. (death and MI) 
Kang JL et al. J Vasc Surg 2009;49:331-339. (death) 
Kucey DS et al. J Vasc Surg 1998;28:1051-1058. (death) 
Mas JL et al. N Engl J Med 2006;355:1660-1671. (death) 
Posaciogliu H et al. Tex Heart Inst J 2008;35:395-401. (death) 
Radak DJ et al. Ann Vasc Surg 2010;24:185-189. (death) 
Tu JV et al. Stroke 2003;4:2568-2573. (death) 
 
Sub-group: Restenosis 
CAS 
AbuRahma AF et al. J Vasc Surg 2009;5:1031-1039. (death and MI) 
Biasi GM et al. Circulation 2004;110;756-762. (death) 
Clark DJ et al. Catheter Cardiovasc Interv 2004;63:355-362. (MI) 
Eskandari MK et al. J Vasc Surg 2010;51:1145-1151. (death and MI) 
Fokkema M et al. J Vasc Surg 2014;59:8-15. (MI) 
Halabi M et al. Catheter Cardiovasc Interv2006;67:513-518. (death) 
Gupta A et al. Catheter Cardiovasc Interv 2000;50:1-8. (death and MI) 
Gupta AK et al. Neurol India 2006;54:68-72. (MI) 
Kasirajan K et al. Int J Angiol 2006;15:20-24. (death) 
Mehta RH et al. Am J Cardiol 2007;99:1288-1293. (death and MI) 
Nolan BW et al. J Vasc Surg 2012;56:990-996. (death and MI) 
Pinter L et al. J Vasc Surg 2011;54:1317-1323. (death and MI) 
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