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A B S T R A C T

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.

Objectives

The aim of this review was to assess the risks of endarterectomy under local compared with general anaesthetic.

Search strategy

We searched the Stroke Group trials register (April 2003), MEDLINE (1966 to April 2003), EMBASE (1980 to 2002), and Index to

Scientific and Technical Proceedings (1980 to 1994). We handsearched 13 relevant journals up to 2002, and searched the reference lists

of articles identified. We also advertised the review in Vascular News (a newspaper for European vascular specialists) in August 2001.

Selection criteria

Randomised trials and non-randomised studies comparing carotid endarterectomy under local versus general anaesthetic.

Data collection and analysis

One reviewer selected studies for inclusion and another independently checked the decisions. Two reviewers assessed trial quality and

independently extracted the data.

Main results

Seven randomised trials involving 554 operations, and 41 non-randomised studies involving 25622 operations were included. The

methodological quality of the non-randomised trials was questionable. Eleven of the non-randomised studies were prospective and

29 reported on a consecutive series of patients. In nine non-randomised studies the number of arteries, as opposed to the number

of patients, was unclear. Meta-analysis of the non-randomised studies showed that the use of local anaesthetic was associated with

significant reductions in the odds of death (35 studies), stroke (31 studies), stroke or death (26 studies), myocardial infarction (22

studies), and pulmonary complications (7 studies), within 30 days of the operation. Meta-analysis of the randomised studies showed

that the use of local anaesthetic was associated with a significant reduction in local haemorrhage (OR = 0.31, 95% CI = 0.12 to 0.79)

within 30 days of the operation, but there was no evidence of a reduction in the odds of operative stroke. However, the trials were too

small to allow reliable conclusions to be drawn, and in some studies intention-to-treat analyses were not possible because of exclusions.

Authors’ conclusions

There is insufficient evidence from randomised trials comparing carotid endarterectomy performed under local and general anaesthetic.

Non-randomised studies suggest potential benefits with the use of local anaesthetic, but these studies may be biased. More randomised

studies are needed.

1Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



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

We still need more evidence to determine the best type of anaesthesia for carotid endarterectomy

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 decrease the risk of stroke. Nevertheless there is a 5 to 7% risk of the operation

itself causing a stroke, and this may be influenced by the type of anaesthetic. However, from the currently available data we cannot

determine whether carotid endarterectomy is best performed under local anaesthesia (LA) or general anaesthesia (GA). Non-randomised

studies suggest that LA is safer, but there are insufficient data from randomised studies to allow reliable conclusions to be drawn. More

randomised trials are needed. The ongoing GALA Trial will provide much more reliable evidence than is currently available.

B A C K G R O U N D

Carotid endarterectomy has been shown in large, well conducted

randomised controlled trials to reduce the risk of stroke in patients

with recently symptomatic, severe (> 70%) internal carotid artery

stenosis (ECST 1991; NASCET 1991). In a pooled analysis of data

from thee randomised controlled trials of endarterectomy versus

medical treatment, surgery was of marginal benefit in terms of the

5-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). 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 to 7% in the trials. If the risk of

perioperative stroke could be reduced, the benefits from carotid

endarterectomy would be greater. It is therefore important to make

the operation as safe as possible.

Some of the perioperative strokes occur during the operative pro-

cedure and may relate to reduced blood flow during carotid artery

clamping. 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

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

post-operative 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 in-

cluding preoperative assessment (e.g. a history of recent stroke or

occlusion of the contralateral artery), and a variety of methods de-

signed to indirectly or directly monitor cerebral blood flow during

surgery (e.g. electroencephalographic monitoring, somatosensory

evoked potential monitoring, transcranial Doppler monitoring,

measurement of the internal carotid artery back pressure (Coun-

sell 1998a). However, none of these methods are particularly sen-

sitive or specific for detecting intraoperative stroke (Bass 1989;

Gnanadev 1989; Kresowik 1991; Kearse 1992).

A systematic review of comparisons of spinal and epidural anaes-

thesia with general anaesthesia across several different types of

surgical procedures reported that the local anaesthetic techniques

reduced postoperative mortality and other serious complications

(Rodgers 2000). Overall mortality was reduced by about a third

in patients allocated to local anaesthetic. This review did not con-

sider carotid endarterectomy, but it is possible that the benefits

of local anaesthetic may be similar. Performing the operation in

awake patients under local anaesthetic offers the advantage of ac-

curate assessment of the clinical state of the patient during surgery

and during the early postoperative 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 over-

all shorter hospital stay, and therefore associated with economic

savings (Godin 1989).

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 dur-

ing the operation which may result in an increased risk of myocar-

dial ischaemia. Finally, some surgeons may find performing the

operation under local anaesthetic stressful. It is also possible that

there may be certain advantages to operating under general anaes-

thetic. For example, some general anaesthetics may improve cere-
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bral circulation, decrease the brain’s oxygen requirement, and have

neuroprotective effects which protect neurones against ischaemic

damage (Wells 1963; Michenfelder 1976; Markowitz 1984). In

1994, most surgeons (in the United Kingdom at least) favoured

the use of general anaesthetic; only 2 out of 326 vascular surgeons

in the United Kingdom reported that they ’sometimes’ used local

anaesthetic (Murie 1994).

The only way to reliably assess the relative risks and benefits of

operation under local anaesthetic versus general anaesthetic is by

direct comparison in randomised controlled trials (RCTs). We

therefore undertook this review of all such trials. In the absence of

definitive data from RCTs, we also reviewed the non-randomised

comparisons to see if there was any evidence in favour of local

anaesthetic.

O B J E C T I V E S

(1) To determine whether carotid endarterectomy under local

anaesthetic reduces the risk of perioperative stroke and death com-

pared with general anaesthetic.

(2) To determine whether carotid endarterectomy under local

anaesthetic reduces the complication rate (other than stroke) fol-

lowing carotid endarterectomy.

(3) To determine whether carotid endarterectomy under local

anaesthetic is acceptable to patients and surgeons.

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

S T U D I E S F O R T H I S R E V I E W

Types of studies

All truly and quasi- randomised (e.g. alternate) trials and non-

randomised studies that compared local and general anaesthetic

for carotid endarterectomy and that measured clinically relevant

outcomes were eligible. Randomised and non-randomised studies

were, however, analysed separately as non-randomised compar-

isons overestimate treatment effects (Sacks 1982; Chalmers 1983;

Miller 1989).

Types of participants

Trials which included any type of patient undergoing unilateral or

bilateral carotid endarterectomy were considered eligible, whether

the initial indication was symptomatic or asymptomatic carotid

disease.

Types of intervention

We sought to identify all trials comparing carotid endarterectomy

under general anaesthetic of any sort with carotid endarterectomy

under local anaesthetic of any sort including both epidural and

skin/deep infiltration.

Types of outcome measures

The intended measures of outcome were as follows.

Primary outcome

(1) Deaths from all causes within 30 days of the operation. 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.

(2) Any stroke (fatal or non-fatal, contralateral or ipsilateral or

brainstem, haemorrhage or infarction) within 30 days of the op-

eration, and during long term follow up.

Secondary outcomes

(1) Stroke ipsilateral to the operated artery within 30 days of op-

eration and during long term follow up (however data was not

available to analyse).

(2) Any myocardial infarction (fatal or non-fatal) within 30 days

of the operation.

(3) The number of arteries that were shunted during the operation.

(4) Other significant complications related to surgery e.g. local

haemorrhage from the artery or neck wound, pulmonary compli-

cations including pneumonia, pulmonary embolism, atelectasis,

prolonged intubation and pulmonary oedema, and cranial nerve

palsies.

(5) The duration of total hospital stay and intensive care unit stay.

(6) The numbers of patients with hypotension or hypertension

during or after operation.

(7) The overall satisfaction and preference of patients with each

type of procedure. We hoped this would indirectly assess outcomes

such as pain and anxiety during and after the procedure.

(8) The overall satisfaction and preference of surgeons.

(9) The feasibility of operation under local anaesthetic. This was

assessed by calculating the percentage of patients allocated to have

the operation under local anaesthetic but who had it under general

anaesthetic.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: Cochrane Stroke Group methods used in reviews.

This review has drawn on the search strategy developed for the

Stroke Group as a whole. Relevant trials were identified in the

Stroke Group trials register which was last searched in April

2003. In addition, the following methods were used.

(1) The National Library of Medicine’s MEDLINE database

was searched in 2 strategies. Firstly we systematically searched

from 1966- April 2003 inclusive using the term “carotid

endarterectomy” and “carotid surgery”. Secondly the following

electronic search strategy was done:

MEDLINE (Ovid) 1966 to April 2003

1 Endarterectomy, carotid/
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2 exp carotid arteries/su

3 exp carotid artery diseases/su

3 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 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 limit 20 to human

(2) EMBASE was searched from 1980 to 2002 inclusive using

the terms “carotid endarterectomy” and “carotid surgery”.

(3) The Index to Scientific and Technical Proceedings (ISTP) -

a database of conference proceedings on Bath Information and

Data Services (BIDS) - was systematically searched from 1980 to

1994 using the terms “carotid” and “trial or random*”.

N.B. “random*” identifies all words beginning with “random”

i.e. random, randomly, randomized, randomised.

(4) Handsearching of the following journals:

• Annals of Surgery (1981 to 2002)

• Annals of Vascular Surgery (1995 to 2002)

• British Journal of Surgery (1985 to 2002)

• Cardiovascular Surgery (1995 to 2002)

• European Journal of Vascular Surgery (1988 to 2002)

• International Journal of Angiology (1995 to 2002)

• Journal of Cardiovascular Surgery (1995 to 2002)

• Journal of Vascular Surgery (1995 to 2002)

• Neurology (1995 to 2002)

• Neurosurgery (1995 to 2002)

• Surgical Neurology (1995 to 2002)

• Stroke (1995 to 2002)

• World Journal of Surgery (1978 to 2002)

(5) References of all relevant studies reviewed for other studies.

(6) Advertisement in Vascular News (a newspaper for European

vascular specialists) August 2001, issue 11, page 14.

M E T H O D S O F T H E R E V I E W

One reviewer (KR) selected which trials met inclusion criteria

and another (RB) independently reviewed these decisions. All

disagreements were discussed. For the randomised trials, details

of the method of randomisation, the blinding of outcome

assessments, losses to follow-up, cross-overs and exclusions after

randomisation were extracted from the publications. For non-

randomised trials, the method of allocation to general anaesthetic

or local anaesthetic was recorded along with whether the series was

prospective or retrospective, and whether consecutive or selected

patients were included. For all studies, patient characteristics (age,

sex, vascular risk factors, indication for surgery) and details of the

operation (type of cerebral monitoring, use of carotid patching, use

of shunts, use of perioperative antiplatelet therapy) were compared

between the treatment groups in each trial. The outcome events

were then extracted independently by two reviewers (KR, RB)

using a standardised form, and cross checked. Discrepancies were

resolved by discussion.

Some studies included patients who had bilateral operations

but only reported the number 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 papers. Also although asymptomatic patients

were included in some studies, the data were not available

in sufficient detail to allow separate analysis of the outcomes

of carotid endarterectomy in symptomatic and asymptomatic

patients. However, it is unlikely that the relative effect of LA versus

GA will vary qualitatively with symptom status.

Proportional risk reductions were calculated based on a weighted

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

Heterogeneity between trial results was tested using the standard

chi-square test.

D E S C R I P T I O N O F S T U D I E S

There were 41 non-randomised studies including about 25622

operations (the exact number is unknown since some reports

only gave the number of patients) and seven RCTs (including

554 operations) that compared local and general anaesthetic for

carotid endarterectomy. All were in English except two RCTs

which were translated from French (Pluskwa 1989) and German

(Binder 1999). Four non-randomised studies were translated from

Italian (Bartoloni 1991; Rignano 1999) and Spanish (Reina 1998;

Merten 2000). One report (Papavasiliou 2000) was excluded be-

cause it was based on the same cohort as another study (Har-

baugh 2000) and another three reports (Adelman 1995; Riles
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1994; Rockman 1998) were excluded because they were based on

data from the same database as two other reports (Rockman 1996;

Imparato 1998): both of these reports were included because they

reported different types of outcome. One ongoing randomised

controlled trial (GALA) has been identified (McCleary 2001).

Randomised studies

Six 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. Five

trials reported the indication for shunting (Forssell 1989; Binder

1999; Sbarigia 1999; McCarthy 2001a; Kasprzak 2002). Binder et

al used intraluminal shunting in all patients. Four trials indicated

the period of follow up: 30 postoperative days (Sbarigia 1999;

Kasprzak 2002): 2 postoperative days (Binder 1999); 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.

Non-randomised studies

Thirty one papers (76%) reported the details of the local anaes-

thetic technique. Most of the studies (30/31) used only a cervical

block in the LA group. In one study, the surgeons used either cer-

vical block or cervical epidural block (Becquemin 1991) and an-

other three studies used local infiltration of skin (Schwartz 1988;

Palmer 1989; Imparato 1998). The indication for shunting in LA

and GA groups was reported in 28 and 22 studies respectively. In

the LA groups, 27 of 28 studies used a shunt if there were neurolog-

ical symptoms during test clamping. In one study, if patients had

neurological symptoms during cross clamping, the operation was

postponed and then performed under GA with a shunt 3 days later

(Andersen 1980). In the GA group, there were many indications

for shunting, including EEG changes (7 studies), stump pressure

< 50 mmHg (5 studies), stump pressure < 40 mmHg (4 studies),

stump pressure < 25 mmHg (1 study), severe contralateral stenosis

(9 studies), recent ipsilateral stroke (5 studies) and routine in all

patients (8 studies). One study followed up the patients for more

than 30 days (up to 2 years), 18 studies followed up patients until

30 days, 12 studies followed up patients until hospital discharge,

one study followed up during the period of intensive care and one

study only followed up patients for 24 hours post surgery. In eight

studies, the duration of follow up was unclear.

In both the randomised and non-randomised studies, important

outcomes were not assessed. It was usually not possible to deter-

mine whether or not the strokes were ipsilateral to the operated

artery (although most strokes will have been ipsilateral and in

some studies we suspect that only ipsilateral strokes were reported).

Cause of death was not usually reported, nor was the severity of

stroke in terms of disability. Patient and surgeon satisfaction were

not formally assessed.

M E T H O D O L O G I C A L Q U A L I T Y

Randomised studies

Two of seven RCTs were only published as abstracts (McCarthy

2001a; Kasprzak 2002). For one of these, additional unpublished

data were obtained from the author (Kasprzak 2002). For the

other trial, only data from the abstract and oral presentation were

available (McCarthy 2001a). In general, reporting of methodol-

ogy was poor. In two studies randomisation was performed using

sequentially numbered envelopes (Forssell 1989; Sbarigia 1999),

one study used block randomisation (Binder 1999) and the re-

maining trials were unclear. Regarding concealment, one trial used

sealed envelopes but it was not stated if these were opaque (Fors-

sell 1989), whilst three trials used computer concealment (Binder

1999; Sbarigia 1999; Kasprzak 2002). In the other three trials the

method of concealment of allocation was unknown. In most tri-

als, the blinding of outcome assessment was unclear. In only one

trial was outcome assessed by a neurologist who was blind to the

type of anaesthesia used (Sbarigia 1999). In four studies (Forssell

1989; Binder 1999; Sbarigia 1999; Kasprzak 2002), some patients

who were randomised to have their operation under LA actually

had it done under GA. The reasons for the change were usually

unclear, and these patients were excluded from the analysis in all

four trial reports. In one trial (Forssell 1989), 11 (11%) patients

underwent staged bilateral endarterectomies and were randomised

twice. Some of these patients may have had one operation under

GA and the other under LA.

None of the trials reported major differences in baseline prognostic

factors between the two groups of patients although only limited

data were provided in some. Only three trials commented on the

use of patching. Two trials used a selective patch approach (Sba-

rigia 1999; Kasprzak 2002), and one used patching in all patients

(Binder 1999). None of the trials gave details of perioperative an-

tiplatelet therapy.

Non-randomised studies

Two studies were only published as abstracts, and the data from

three studies are unpublished (ECST 1998; NASCET 1998; Tay-

lor 1999). Most (28/41) were reported after 1991. Only eleven

non-randomised studies were prospective. Twenty nine of 41 stud-

ies indicated that they included consecutive patients. Patients were

divided between general and local anaesthetic using a variety of

methods including by surgeon and patient preference (8 studies),

by hospital of admission (1 study), and by year of the operation

(7 studies), whilst 25 studies did not report how treatment was

allocated. Nine studies reported the outcome only in terms of the

number of patients, and the number of arteries in each group was

unclear.

Twenty six studies reported a comparison of the major vascular

risk factors at baseline. In 15 studies, there were no significant

differences between the LA and GA groups. Five studies had more

asymptomatic patients in the LA group (Schwartz 1988; Bartoloni
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1991; Becquemin 1991; Allen 1994; McCarthy 2001b), and one

study had more asymptomatic patients in the GA group (Gabel-

man 1983). In one study the proportion of strokes vs transient

ischaemic attacks was higher in the LA group (Rockman 1996).

Patients who undergo combined carotid endarterectomy and coro-

nary artery bypass grafting (CABG) require a general anaesthetic.

These patients may be at increased risk of serious complications

following surgery, and so including them in the GA group may

lead to bias. In nine studies, patients who underwent a combined

procedure were excluded from the GA group. In another study,

the results of patients having a combined procedure were given

separately and these were excluded from this review (Shah 1994).

However, in the remaining 32 studies it was unclear whether com-

bined procedures were included in the GA group. Nine studies

reported the use of carotid artery patching and in four of these

studies patching was more frequent in the GA group (Allen 1994;

Shah 1994; Fiorani 1997; Stone 2000). Only one study (Gabel-

man 1983) reported the use of antiplatelet agents in the periop-

erative period. These agents were used more frequently in the LA

group (50% versus 26%).

R E S U L T S

Data from 41 non-randomised trials (25622 operations) and seven

randomised trials (554 operations) were included in this review.

Only outcomes within 30 days of operation were assessed.

Randomised studies

Death from all causes

There were seven deaths: 5 coronary artery disease, 1 stroke and 1

pneumonia, and 1 death in the LA group. There was no significant

difference between the LA group and the GA group (OR 0.23),

and the 95% confidence interval (CI) was very wide (0.05 to 1.02).

Any stroke

There were only twelve recorded strokes of any type within 30

days of surgery and there was no significant difference between

the LA group and the GA group (OR 1.01, 95% CI = 0.32 to

3.18). No data were available to analyse further separately between

ipsilateral/contralateral stroke.

Any stroke or death

The risk of stroke or death in the LA group was not significantly

different to that in the GA group but again the confidence interval

around the odds ratio was wide (OR 0.63, 95% CI 0.25 to 1.62).

Myocardial infarction (MI)

Only nine patients suffered an MI within 30 days (four LA, five

GA) and there was no significant difference in odds between LA

and GA group (OR 0.77, 95%CI 0.21 to 2.88).

Other operative complications

Local haemorrhage

Four studies reported the risk of haemorrhage from the wound.

There were significantly fewer haemorrhages in the LA group than

in the GA group (OR 0.31, 95% CI 0.12 to 0.79). This was based

on eighteen haemorrhages overall. There was no indication of the

severity of these bleeds.

Cranial nerve injury
Three trials reported cranial nerve palsies. No significant difference

was found between the two types of anaesthesia. The risks of cranial

nerve injury under LA and GA were not significantly different

(OR 1.98, 95% CI 0.39 to 9.97).

Pulmonary complications
No trial reported pulmonary complications.

Blood pressure

Six trials recorded the blood pressure during and after the opera-

tion. However, neither the number of patients with significant hy-

potension or hypertension nor the mean arterial pressures during

and after the operation were always given, and the definitions of

hyper- and hypotension varied between trials. We have therefore

simply described the results.

In four trials which reported the blood pressure after induction

(Forssell 1989; Pluskwa 1989; Prough 1989; McCarthy 2001a),

blood pressure dropped in the GA group after induction of anaes-

thesia, and in one trial (Forssell 1989) more patients in the GA

group had significant hypotension during or after the operation

(25% versus 7%). However, this was not confirmed in another

trial (Pluskwa 1989).

Three trials showed that blood pressure tended to increase during

clamping of the carotid artery in the LA group (Forssell 1989;

Pluskwa 1989; Prough 1989) but this was not found in another

trial (McCarthy 2001a). In two trials, there were significantly more

patients with hypertension in the LA group during surgery (Fors-

sell: 0% versus 36%; Pluskwa 20% versus 80%). Two studies sug-

gested that hypotension was more common in the postoperative

period with LA (Pluskwa 1989; Prough 1989). One trial found

patients operated under GA had more postoperative (day 1) hy-

pertension than those under LA (Kasprzak 2002).

Shunting

Four studies reported the number of arteries shunted. The use of

local anaesthetic was associated with fewer shunts (OR 0.68, 95%

CI 0.40 to 1.14), but there was a significant heterogeneity between

studies (chi-squared = 21.26, P < 0.0001). However in one trial all

patients were shunted irrespective of treatment allocation (Binder

1999).

Hospital stay

The duration of hospital stay was reported in one trial. The mean

time in hospital after carotid endarterectomy was long in both the

LA and GA groups (7.9 versus 9.2 days-long length of stay) and

was not significantly different (Binder 1999).

Patient satisfaction
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Patient satisfaction was not formally assessed. However, in the

Forssell study (Forssell 1989), of the three patients who had repeat

carotid endarterectomies having had a LA for the first operation,

none refused repeat randomisation. In this study, it was reported

that one patient in the LA group became extremely agitated during

the procedure. Another trial evaluated patients satisfaction by a

questionnaire (Binder 1999). They found that both types of anaes-

thesia were equally acceptable but this paper did not give details

of each item in the questionnaire. All patients preferred the same

type of anaesthesia if they needed a second operation, except one

patient in the LA group (total 27 patients) who wished to have

GA for any further surgery.

Surgeon satisfaction

The satisfaction or preference of the surgeon was not assessed in

any trial.

Feasibility of performing operation under local anaesthetic

One trial recorded the number of patients randomised to have the

operation under LA, but who had it under GA (Forssell 1989).

Eight patients crossed over from LA to GA whilst none switched

from GA to LA. The most common reasons for cross-over were

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

unstable cardiac disease. In another trial, six patients were con-

verted from LA to GA due to severe agitation, but these patients

were excluded from the published analysis (Kasprzak 2002). How-

ever, we understand from the authors that none of these patients

suffered any adverse outcomes.

Non-randomised studies

Death from all causes

Thirty five studies reported perioperative deaths. There were sig-

nificantly fewer deaths in the LA group compared with the GA

group (OR 0.67, 95% CI 0.46 to 0.97). The result was statistically

significant at the 5% level (z = 2.09, p = 0.04) with a fixed effect

model, but was not significant with a random effects model (z =

1.49, p = 0.14).

Any stroke

Thirty one studies reported this outcome. There were fewer peri-

operative strokes in the LA group compared with the GA group

and this was statistically significant (OR 0.56, 95% CI 0.44 to

0.70, p < 0.001). Some studies may only have reported ipsilateral

strokes, but this was rarely defined. Therefore we are unable to

perform separate analyses for ipsilateral and contralateral stroke.

The severity of stroke was rarely reported.

Any stroke or death

These data were available for 26 studies. Significantly fewer pa-

tients in the LA group suffered a stroke or died compared with the

GA group (OR 0.61, 95% CI 0.48 to 0.77, p < 0.001).

Myocardial infarction (MI)

Performance of the carotid endarterectomy under LA was associ-

ated with a significantly lower risk of MI within 30 days of surgery

(OR 0.55, 95% CI 0.39 to 0.79, p = 0.001). It was unclear how

many of these MIs were fatal.

Other operative complications

Local haemorrhage
Fifteen studies reported the number of patients with haematoma or

haemorrhage from the wound. There was no significant difference

in local haemorrhage between the two groups (OR 0.74, 95% CI

0.51 to 1.07). The severity of the haemorrhages was not reported.

Pulmonary complications
Only seven studies reported pulmonary complications. The defi-

nition of pulmonary complication varied between studies and in-

cluded pneumonia in five studies, pulmonary emboli in two stud-

ies, pulmonary oedema in one study and prolonged intubation in

one study. These complications were rare, but there were signifi-

cantly fewer pulmonary complications in the LA group compared

with the GA group (OR 0.31, 95% CI 0.15 to 0.63 p = 0.001).

Cranial nerve palsies
Only 13 studies reported this outcome. There was no significant

difference in cranial nerve palsies between the LA and GA groups

but again the confidence interval was wide (OR 0.92, 95% CI 0.64

to 1.33). Cranial nerve VII and XII injuries were reported most

frequently and these are likely to have recovered spontaneously in

the majority of cases (Hartsell 1999; Stone 2000)

Blood pressure

Seventeen studies recorded blood pressure during and after the

operation. We were unable to assess the number of patients with

hypertension or hypotension because different studies used dif-

ferent definitions and, more importantly, the number of patients

with each type of outcome was not usually reported (instead the

number of episodes of hyper- or hypotension was reported or the

mean blood pressure).

In the intraoperative period, hypertension was found more com-

monly in the LA group in three studies (Gabelman 1983; Stul-

lken 1984; McCarthy 2001b), and in the GA group in one study

(Corson 1987). During the postoperative period, hypertension

was found more commonly in the GA group in six studies (Jopling

1983; Corson 1987; Godin 1989; Allen 1994; Kraiss 1995; Mc-

Carthy 2001b), and in the LA group in one study (Gabelman

1983). However, postoperative hypotension was more common

in the GA group in three studies, (Jopling 1983; Corson 1987;

Allen 1994), and in the LA group in one study (Gabelman 1983).

In the two other studies, patients in the LA group required more

administration of fluid to maintain blood pressure at a systolic

value greater than 120 mmHg (Stullken 1984; Scuderi 1989). One

trial showed the reverse with patients in the GA group requiring

more administration of fluid to maintain blood pressure (Muskett

1986).

Shunting

Many fewer shunts were inserted in patients operated under LA

compared with GA (OR 0.11, 95% CI 0.10 to 0.12). However,
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there was considerable heterogeneity between studies (chi squared

1443.47, df = 27, p < 0.0001). There was also considerable vari-

ation in the use of shunting in the GA group, depending on the

selection criteria used, and to a lesser extent in the LA group. The

percentage of arteries shunted in the GA group ranged from 9 %

to 100%, and in the LA group from 1% to 86%.

Hospital stay

Eleven of the non-randomised studies gave some data about the

total duration of hospital stay and four provided the duration

spent in the intensive care unit. Meta-analysis could not be per-

formed because the data were not normally distributed and we

were unable to transform the data because we did not have access

to the original individual patient data. The four studies (Corson

1987; Godin 1989; Stoughton 1998; Bowyer 2000) which mea-

sured intensive care stay showed that those who had the operation

done under LA required less time in intensive care (Bowyer: mean

24 versus 30 hours; Godin: 0.1 versus 1.2 days; Corson: 0.8 ver-

sus 1.7 days; and Stoughton: 1.1 versus 1.2 days). Eleven studies

(Gabelman 1983; Muskett 1986; Schwartz 1988; Godin 1989;

Palmer 1989; Allen 1994; Kraiss 1995; Stoughton 1998; Bowyer

2000; Harbaugh 2000; McCarthy 2001b) recorded the total hos-

pital stay and all of these showed shorter stays in LA group by

an average of about two days (1.5): mean durations in days were

3.0 versus 4.0; 3.5 versus 4.5; 7.1 versus 9.2; 4.1 versus 6.1; 1.3

versus 3.5; 1.3 versus 3.1; 2 versus 3; 3.2 versus 5.6; 5 versus 5.8;

3.1 versus 5.1; 1.3 versus 1.9 days respectively in the LA and GA

groups (although, as previously stated, means were not the most

appropriate statistic). One study reported that the cost saving per

carotid endarterectomy performed under LA compare under GA

was GBP£225 (McCarthy 2001b).

Patient satisfaction

Patient satisfaction was formally assessed in one study (Quigley

2000). No significant difference was found between the two types

of anaesthesia in terms of discomfort in the perioperative period,

perception of attentiveness of staff and appropriate length of stay,

satisfaction with hospital stay, time to complete recovery and rec-

ollection of events in the operating room. Two studies reported

the use of LA in those patients who went on to have a second

carotid endarterectomy. In the Corson study, 8% (31/368) of pa-

tients had bilateral-staged carotid endarterectomy, and no patient

who previously had the operation under local anaesthetic elected

to have contralateral surgery under general anaesthetic (Corson

1987). From the Shah study, 13% (116/873) of patients had bilat-

eral carotid endarterectomies and only two cases changed to gen-

eral anaesthetic at the second operation because of patient prefer-

ence (Shah 1994).

Surgeon satisfaction

This was not assessed in any of the studies.

Feasibility of performing the operation under LA

Crossovers were poorly reported in the non-randomised studies.

Only sixteen studies reported the number of patients in whom

operation under LA was not possible. In those studies, between

0% to 8.6% of patients in the LA group had the operation under

GA (Hartsell 1999; McCarthy 2001b).

D I S C U S S I O N

There were 48 studies comparing the outcome between local

anaesthesia and general anaesthesia following carotid endarterec-

tomy, but only seven were randomised comparisons. Non-ran-

domised studies are, of course, highly susceptible to bias (Sacks

1982; Chalmers 1983; Miller 1989). Although the studies gen-

erally reported that the patients having local and general anaes-

thetic were comparable in terms of age, sex and vascular risk fac-

tors, this certainly does not imply that they were similar for all

important prognostic factors. For example, there appeared to be

more patients in the local anaesthetic group who had an operation

for asymptomatic carotid disease, suggesting that these patients

may indeed have been at lower risk of poor outcome (Rothwell

1996b). There may also have been differences in the ways that the

patients in the LA and GA groups were treated which may have

confounded the results. For example, there may have been differ-

ences in the percentage of patients in each group who received an

arterial patch or who received perioperative antiplatelet therapy,

both of which may be associated with improved outcomes (APT

1994; Counsell 1998b). Few studies reported these data, but in

at least two non-randomised studies there were major differences

in the use of patching (Agrifoglio 1987) and antiplatelet therapy

(Gabelman 1983) which favoured the LA group.

Most of the non-randomised studies were also retrospective and

some included non-consecutive cases. It is therefore likely that

some cases were missed or excluded, and this may have introduced

bias. The person who assessed the outcomes in the patients would

almost certainly have known whether the patient had received a

local or general anaesthetic and this may have biased their assess-

ment of non-fatal outcomes (minor strokes, for example). These

studies were also not analysed on an intention to treat basis, i.e.

if the patient was planned to have the operation under LA but,

in fact, had it under GA, they would probably have been anal-

ysed in the GA group. If the patients who crossed over differed in

some systematic way from those who did not, then this may bias

the results. Finally, publication bias may have seriously affected

the results of the non-random studies such that series showing

poor outcome with local anaesthetic may have been less likely to

be submitted for publication (Dickersin 1994). There were also

other methodological problems with the non-random studies. In

particular, the duration of follow up was short and was not con-

stant across the different studies (it varied between hospital dis-

charge and 30 days). Many of the studies did not report the num-

ber of patients (rather than arteries) in each group, most did not
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report whether the strokes were ipsilateral to the operated artery

or whether they were disabling, and most made no assessment of

patient (or surgeon) satisfaction with the procedure.

As a result of these biases, non-randomised studies can only be

hypothesis generating and their conclusions must be adequately

tested in well designed RCTs. We found patients under LA had

lower risk of local haemorrhage. However, a review of the evidence

from RCTs showed that too few patients had been recruited in

such trials and too few outcomes had occurred to confirm whether

LA offered significant advantages over GA. Once again, there were

significant problems in the quality of the randomised trials: the

method of concealment of allocation in four trials was inadequately

reported and the duration of follow up was again limited. It was

also unclear from most RCTs whether the outcome had been as-

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

which have neurologists as assessors, are associated with higher

stroke and death rates (Rothwell 1996a). Only one study stated

clearly that they had neurologists as blinded assessors. At least four

of the trials also excluded some of the randomised patients from the

analysis especially patients who crossed-over anaesthetic type. If

patients excluded differed systematically from those patients who

remained in the analysis, this may bias the results. Finally, as in the

non-randomised studies, some important outcome measures were

not reported. Again, it was not clear how many of the strokes were

ipsilateral, how many were disabling, and few assessed patients’ or

surgeons’ satisfaction or preference, or the duration of intensive

care and overall hospital stay.

The randomised studies indicated that carotid endarterectomy un-

der LA might be associated with lower risks of postoperative lo-

cal haemorrhage than surgery under GA. The non-randomised

studies showed potentially important clinical and economic ben-

efits in favour of performing carotid endarterectomy under LA,

with a 39% reduction in the relative odds of stroke and death, a

45% reduction in the relative odds of early myocardial infarction,

and a reduction in the length of hospital stay. There were no ob-

vious increases in other operative complications with LA. There

was marked heterogeneity between studies in the use of shunts

with both types of anaesthesia. This reflects the different policy in

shunting between studies. For example in one randomised con-

trolled trial, all patients under local anaesthetic have been shunted,

although in fact surgeons preferred local anaesthetic due to low

rate of shunting.

The risk of postoperative local haemorrhage in randomised studies

was reduced by about two-third in patients allocated to local anaes-

thetics comparing with those in general anaesthetics. This may be

explained by the inclusion of adrenaline in the local anaesthetic

used in local anaesthesia cases. However, this result was not con-

firmed in the non-randomised studies. The definition of the local

haemorrhage varied between studies, some using only haematoma

needing re-operation and others using any haematoma collection.

Given that the majority of carotid endarterectomies are presently

performed under GA, much stronger evidence will be required

from well designed randomised trials before it can be recom-

mended that LA should be the first choice for patients undergo-

ing this operation. Such a recommendation would have major im-

plications for the training of neurological and vascular surgeons.

However, even if LA is shown to be safer than GA, it is unlikely

that all operations could be performed under LA. In some patients

the operation may be technically more difficult under LA, e.g. in

those with short, fat necks. Some patients - perhaps 10% (Forssell

1989) - will also refuse to have the operation under LA and some

surgeons may refuse to perform the operation under LA.

A large scale randomised controlled trial (GALA Trial) is underway

and intends to recruit 5000 patients (McCleary 2001).

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

There is no reliable evidence to guide the choice of whether to use

local or general anaesthetic technique for carotid endarterectomy.

Implications for research

A large scale randomised controlled trial to assess the balance of

risks and benefits of local anaesthetic compared with general anaes-

thesia for carotid endarterectomy is warranted. At least one such

trial is underway.
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T A B L E S

Characteristics of included studies

Study Agrifoglio 1987

Methods Non RCT

Allocation: unclear

Retrospective study

Consecutive patients

Participants Italy 1983-1986

57 patients, 60 operations

Age-mean: 64 yrs (LA), 63 yrs (GA)

Male: 63% (LA), 70% (GA)

Comparability: groups similar for vascular risk factors.

Indication for surgery: TIA, stroke and asymptomatic cases.

Interventions LA: superficial & deep cervical block with bupivacaine

GA: general anaesthesia and barbiturates

Patching: 44.8% (LA), 14.3% (GA)

Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deterioration during test clamp

GA: EEG or stump pressure < 50 mmHg in 3 minutes clamp

Outcomes Death

Any stroke

Myocardial infarction

Shunted arteries

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Allen 1994

Methods Non RCT

Allocation: Pre 1990 - GA; Post 1990 - LA mainly

Retrospective study

Consecutive patients

Participants USA 1987-1993

584 patients, 679 operations

Age-mean: 70 yrs (LA), 69 yrs (GA)

Male: 59% (LA), 59% (GA)

Comparability: groups similar for vascular risk factors
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Characteristics of included studies (Continued )

Indication for surgery - more asymptomatic patients in LA (43% vs 32%)

Interventions LA: superficial & deep cervical block with bupivacaine & lidocaine

GA: Alfentanyl with nitrous oxide/oxygen inhalation

Patching: 12.3% (LA), 12.5% (GA)

Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deterioration during test clamp

GA: contralateral stenosis, recent ipsilateral stroke, EEG change, stump pressure < 40 mmHg

Outcomes Death

Any stroke

Myocardial infarction

Pulmonary complications (pneumonia, prolonged intubation, reintubation)

Wound haematoma

Cranial nerve palsy

Blood pressure

Duration of hospital stay

Shunted arteries

Notes FU: mean 23 months

Ex: combined CABG

Allocation concealment C – Inadequate

Study Andersen 1980

Methods Non RCT

Allocation: 1967-1972 LA, 1974-1976 GA

Retrospective study

Not consecutive patients

Participants USA 1967-1976

331 patients, 421 operations

Age: not reported

Male: 72% in both groups

Comparability: not reported

Indication for surgery: similar % with asymptomatic disease

Interventions LA: superficial & deep cervical block with xylocaine

GA: Halothane

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA; never shunting (patients with neurological symptoms during clamping under LA would postpone to

GA),

GA; routine use of temporary indwelling shunt

Outcomes Death

Any stroke

Notes FU: 30 days

Ex: unclear

Allocation concealment C – Inadequate

Study Bartoloni 1991

Methods Non RCT

Allocation:

unclear
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Characteristics of included studies (Continued )

Retrospective study

Consecutive patients: unclear

Participants Italy 1988-1990

144 patients, 147 operations

Age-mean: 62 yrs (LA), 60 yrs (GA)

Male: 76%

Comparability: groups similar for vascular risk factors (except more patients with IHD in GA (32% vs 15%))

Indication for surgery: more asymptomatic patients in LA (25% vs 17%)

Interventions LA: superficial & deep infiltration with bipuvacaine

GA: Sodium thiopentone, isoflurane, fentanyl

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunting:

LA: signs during 2 minutes clamping

GA: severe contralateral disease or stump pressure <40 mmHg

Outcomes Death

Any stroke

Myocardial infarction

Pulmonary complications (pneumonia)

Wound haematoma

Cranial nerve palsy

Shunted arteries

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Becquemin 1991

Methods Non RCT:

Allocation: chosen after discussion between patient, surgeon, anaesthesiologist

Retrospective study

Consecutive patients

Participants France 1984-1989

352 patients, 387 operations

Age & sex: unclear

Comparability: groups similar for age, sex, vascular risk factors

Indication for surgery: more asymptomatic patients in LA (47% vs 9%)

Interventions LA: either

(1) superficial & deep cervical block with lidocaine & bupivacaine (n=31)

(2) cervical epidural anesthesia with bupivacaine & fentanyl (n=114) in C6-7 space

GA: Flunitrazepam, thiopental, fentanyl, vecuronium, isoflurane, nitrous oxide, oxygen

Patching &

Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deterioration during 1 minute test clamp

GA: contralateral occlusion/infarct on CT

Outcomes Death

Any stroke

Myocardial infarction

Wound haematoma

Cranial nerve injury
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Characteristics of included studies (Continued )

Shunted arteries

Notes FU: 30 days

Ex: acute stroke

Allocation concealment C – Inadequate

Study Binder 1999

Methods RCT:

Block randomisation,

Blinding: unclear

C: computer

Crossover: yes, but number excluded during trial was unclear

no patients were lost to FU

Participants Austria 1999

46 patients (46 operations)

Age mean: 73 yrs (LA), 68 yrs (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 bood pressure

Shunted arteries

Notes FU: 48 hrs

Ex: recent neurological deficit < 4 wks, 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

Allocation concealment A – Adequate

Study Bowyer 2000

Methods Non RCT

Allocation: surgeon preference

Retrospective study

Consecutive patients: unclear

Participants USA 1982-1998

489 patients, 500 operations

age-mean: 66.8yrs (LA), 65.7yrs (GA)

Males: 71% (LA), 72% (GA)

comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: deep cervical block (intrasclalene injection) with light intravenous sedation
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Characteristics of included studies (Continued )

GA: not reported

Patching & Antiplatelet Rx:

not reported

Indication for shunting in GA & LA: varied between surgeon.

Outcomes Death

Any stroke

Myocardial infarction

TIA

Bleeding

Cranial nerve injuries

Shunted arteries

Blood pressure

Time in hospital

Notes FU: 30 days

Ex: unclear

Allocation concealment C – Inadequate

Study Brown 1999

Methods Non RCT

Allocation: not reported

Retrospective study

Consecutive patients

Participants USA 1995

272 patients, 272 operations

Age and Sex: not reported

comparability: not reported

Indications for surgery: not reported

Interventions LA & GA technique: not reported

Patching & Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death

Myocardial infarction

Notes FU: unclear

Ex: unclear

Allocation concealment C – Inadequate

Study Corson 1987

Methods Non RCT

Allocation: chosen after patient/doctor discussion

Retrospective study

Consecutive patients

Participants USA 1979-1985

368 patients, 399 operations

Age & sex unclear Comparability: groups similar for age, sex, vascular risk factors

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block with lidocaine & bupivacaine; sedation with small amounts of diazepam

and/or narcotics

GA: Thiopental, nitrous oxide, isoflurane
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Characteristics of included studies (Continued )

Patching &

Antiplatelet Rx: not reported

Indication for shunting:

LA: change in neurological status,

GA: stump pressure < 25 mmHg/poor backflow/severe stenosis of contralateral artery/routine shunting for

some surgeons

Outcomes Death

Any stroke

Myocardial infarction

Pulmonary complication (pneumonia, atelectasis, prolonged intubation)

Wound haematoma

Cranial nerve palsy

Shunted arteries

Notes FU: 30 days

Ex: Combined CABG or other major procedures

Allocation concealment C – Inadequate

Study ECST 1998

Methods Non RCT

Allocation: unclear

Prospective study

Non-consecutive patients

Participants Multicenter Trial in Europe 1981-1994

1732 patients, 1739 operations

Age-mean: 64 yrs (LA), 62 yrs (GA)

Males: 79% (LA), 72% (GA)

Comparability: not available

Indications for surgery: symptomatic carotid stenosis

(0-99%)

Interventions LA & GA technique: not standardised

Patching: 28.8% (LA), 27.7% (GA)

Anticoagulation: 100% (LA), 92.4% (GA)

Antiplatelet Rx: not reported

Indications for shunting: not standardised

Outcomes Death

Any stroke

TIA

Myocardial infarction

Shunted arteries

Blood pressure

Notes FU: 30 days

Ex: any patients who might have had an embolism from the heart or with more severe disease in the distal

ICA than in the proximal ICA

Allocation concealment C – Inadequate

Study Fiorani 1997

Methods Non RCT

Allocation: GA 1985-Sept 1987; LA Sept 1987-1994

Retrospective study
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Characteristics of included studies (Continued )

Consecutive patients

Participants Italy 1985-1994

892 patients, 1020 operations

Age-mean: 63yrs (LA), 64yrs (GA)

Males: 81.7% (LA), 76.9% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: symptomatic severe ICA stenosis & asymptomatic ICA stenosis

Interventions LA: superficial & deep cervical block with bupivacaine and lignocaine

GA: droperidol, fentanyl, thiopental, succinyl choline, vercuronium, isoflurane in nitrous oxide

Patching: 28.4% LA, 40.4% GA

Antiplatelet Rx: not reported

Indication for shunting:

LA: deterioration of consciousness, aphasia, contralateral motor deficit.

GA: stump pressure < 40 mmHg, reduced frequency and amplitude of EEG, high neurological risk patients

such as previous stroke or infarction seen on CT scan, severe bilateral ICA stenosis

Outcomes Any stroke

Myocardial infarction

Shunted arteries

Feasibility

Notes FU: hospital stay

Ex: unclear

Allocation concealment C – Inadequate

Study Forssell 1989

Methods RCT

C: unclear

Blinding: unclear

Sequentially numbered envelope. Crossovers: 8 LA performed under exclusions during trial: 8 crossovers

No losses to FU

Participants Sweden 1985-1987

100 patients, 111 operations

Age-mean: 66 yrs (LA), 63 yrs (GA)

Male: 71% (LA), 64% (GA)

Comparability - groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: cervical block & skin infiltration with bupivacaine & mepivacaine/adrenaline

GA: thiopental, isoflurane & bupivacaine/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
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Characteristics of included studies (Continued )

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

Allocation concealment B – Unclear

Study Gabelman 1983

Methods Non RCT

Allocation: early used GA, later offered LA

Retrospective study

Consecutive patients: unclear

Participants USA 1977-1982

88 patients, 100 operations

Age: mean 66 yrs (LA), 61 yrs (GA)

Sex: not reported

Comparability: groups similar for vascular risk factors, except more younger patients and asymptomatic

patients in GA (18% vs 0%).

Indication for surgery: unclear

Interventions LA: superficial cervical block by lidocaine & bupivacaine

GA: not reported

Patching: 67% (LA), 63% (GA)

Antiplatelet Rx: more in LA (50% vs 26%)

Indication for shunting:

LA: neurological deterioration after clamp

GA: EEG changes

Outcomes Death

Any stroke

Myocardial infarction

Wound haematoma

Cranial nerve injury

Blood pressure

Duration of stay

Hospital cost

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Ghali 1997

Methods Non RCT

Allocation: not reported

Retrospective study

Consecutive

patients

Participants USA 1992-1995

87 patients,

90 operations

age & sex: not reported

comparability: not reported

Indication for surgery: not reported

Interventions LA & GA technique: not reported

Patching &
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Characteristics of included studies (Continued )

Antiplatelet Rx:

not reported

Indication for shunting:

LA: neurological changes

GA: Middle cerebral artery velocity after cross clamping 40% or less of preclamping velocity, significant

contralateral disease

Outcomes Death

Shunted arteries

Notes FU: 30 days

Ex: patients without transcranial doppler (TCD) monitoring or no window for TCD

Allocation concealment C – Inadequate

Study Godin 1989

Methods Non RCT

Allocation: state hospital (LA), private hospital (GA)

Prospective

study

Consecutive patients

Participants USA

100 patients,

?No. of operations

Age: mean 62 yrs (LA), 64 yrs (GA)

Male: 76% (LA), 70% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: superficial & deep regional cervical block with bupivacaine

GA: thiopental, isoflurane, nitrous oxide

Patching &

Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death

Any stroke

Blood pressure

Days in ICU/regular ward in hospital

Hospital cost

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Harbaugh 2000

Methods Non RCT

Allocation: surgeon preference; contraindication for LA was contralateral phrenic nerve palsy

Prospective study 1990-June 1994 Retrospective June 1994-1999

Consecutive

patients

Participants USA 1990-1999

798 patients, 803 operations

Age-mean: 70.0yrs (LA), 67.9yrs (GA)

Males: 62.5% (LA), 63.2% (GA)
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comparability: groups similar for vascular risk factors

Indication for surgery: symptomatic ICA stenosis > 50% & asymptomatic ICS stenosis > 60%

Interventions LA: superficial & deep cervical block with lidocaine

GA technique: not reported

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: somnolent episodes during cross clamping

GA: not reported

Outcomes Death

Any stroke

Myocardial infarction

Bleeding

Cranial nerve injuries

Time in hospital

Other complications

Notes FU: 30 days

Ex: not reported

Allocation concealment C – Inadequate

Study Hartsell 1999

Methods Non RCT

Allocation: surgeon and patient preference

Retrospective study

Consecutive

patients

Participants USA 1994-1997

224 patients, 253 operations

Age-mean: 72yrs (LA), 71yrs (GA)

Males: 50% (LA), 50% (GA)

comparability: groups similar for vascular risk factors

Indication for surgery: TIA, stroke, asymptomatic ICA stenosis 80% or more

Interventions LA: superficial & deep cervical block

GA: fentanyl and inhalation such as nitrous oxide, isoflurane

Patching &

Antiplatelet Rx:

not reported

Indication for shunting:

LA: neurological deterioration during clamping

GA: recent ipsilateral stroke, carotid stump pressure < 50mmHg

Outcomes Death

Any stroke

TIA

Bleeding

Cranial nerve injuries

Shunted arteries

Blood pressure

Feasibility

Notes FU: 30 days

Ex: combined CABG, patients required conversion from LA to GA such as inadequate analgesia
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Allocation concealment C – Inadequate

Study Imparato 1998

Methods Non RCT

Allocation: not reported Retrospective study

Consecutive patients

Participants USA 1962-1994

?No. of patients, 3975 operations

Age & sex: not reported

Comparability: groups similar for vascular risk factors (except more contralateral ICA occlusion in GA (GA

21.8%, LA 15.4%))

Indication for surgery: not reported

Interventions LA: local infiltration 1962-1970 & cervical plexus block 1971-1994

GA technique: not reported

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: sign of cerebral ischaemic during clamping

GA: all patients

Outcomes Death

Neurological deficit.

Shunted arteries

Notes FU: unclear

Ex: not reported

Allocation concealment C – Inadequate

Study Jopling 1983

Methods Non RCT

Allocation: unclear

Retrospective

Consecutive patients

Participants USA 1983

80 patients

?No. of operations

Age-mean: 66 yrs (LA), 64 yrs (GA)

Male: not reported

Comparability: groups similar for age, physical status (except more hypertension and myocardial infarction

in LA)

Indication for surgery: not reported

Interventions LA: cervical block GA: not reported

Patching &

Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deficits or altered mental status after 1 minute clamp

GA: not reported

Outcomes Death

Any stroke

Blood pressure

Notes FU: probable hospital discharge
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Ex: unclear

Allocation concealment C – Inadequate

Study Karp 1998

Methods Non RCT

Allocation: not reported Retrospective study

Consecutive

patients

Participants USA 1993

1945 patients, ?No of operations

Age & sex: not reported

Comparability: not reported

Indication for surgery: not reported

Interventions LA & GA technique: not reported

Patching & Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Severe stroke & death

Notes FU: 30 days

Ex: incomplete medical record data, inaccurate billing information

Allocation concealment C – Inadequate

Study Kasprzak 2002

Methods RCT

C: computer

Blinding: unclear

Crossover: 6 patients

Exclusion during trial: yes

Loss FU: unclear

Participants Germany 1996-1997

180 patients, 180 operations

(40 patients excluded from study due to 20 patients in pilot study, 10 recall consent, 6 cross over, 4 severe

co-morbidity problem)

Age-mean: 69.6yrs (LA), 69.2yrs (GA)

Males: 61.2% (LA), 61.1% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery symptomatic ICA stenosis > 70%, asymptomatic ICA stenosis > 80%

Interventions LA: superficial & deep regional cervical block with bupivacaine, prilocaine

GA: fentanyl, etomidate, rocuronium, isoflurane

Patching: 3.5% (LA), 8.4%(GA)

Antiplatelet Rx: unclear (result waiting)

Indication for shunting:

LA: motor deficit, aphasia, deterioration or loss of consciousness

GA: decrease somato-sensory evoked potential below 30% of baseline

Outcomes Death

Any stroke

Myocardial infarction

TIA, Bleeding

Cranial nerve injuries

blood pressure
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Shunted arteries

Notes FU: 30 days

Ex: age < 45 or > 89 yrs, recent stroke (< 4wks), progressive stroke, MI < 6 months, unstable angina,

urgent indication for myocardial revascularisation, aortic stenosis, hypertrophic cardiomyopathy, left bundle

brach block, medication with digoxin, untreated hypertension, cardiac insufficiency, cardiac pacemaker,

hyperthyroidism, haemodialysis, renal insufficiency serum creatinine > 2 mg/dl, anaemia with hemoglobin

< 10 mg/dl, thrombocytopenia, thrombocytosis, contraindication for LA (eg. contralateral phrenic nerve

palsy)

Allocation concealment A – Adequate

Study Kraiss 1995

Methods Non RCT

Allocation: surgeon preference - LA 1 surgeon, GA 14 surgeons

Retrospective study

Consecutive patients

Participants USA 1991-1993

?No. of patients, 196 operations

Age & Sex: not reported

Comparability: groups similar for American Society of Anesthesiology score

Indication for surgery: not reported

Interventions LA & GA technique: not reported, admitted to ICU routinely

Patching &

Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death

Any stroke

Hospital stay

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Kucey 1998

Methods Non RCT

Allocation: not reported Retrospective study

Consecutive

patients

Participants USA 1994-1996

?No of patients, 1280 operations

Comparability: not reported

Indication for surgery: not reported

Interventions LA & GA technique: not reported

Patching &

Antiplatelet Rx:

not reported

Indication for shunting: not reported

Outcomes Death

Non fatal stroke and death

Notes FU: 30 days
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Ex: combined other arterial reconstruction or carotid surgery for non-atherosclerotic disease.

Allocation concealment C – Inadequate

Study Love 2000

Methods Non RCT

Allocation: LA: Jan 1995-1998

GA: Feb 1979-Feb 1985

Prospective study

Consecutive patients

Participants Australia: 1979-1985 and 1995-1998

378 patients, 443 operations

Age-mean: 73yrs (LA), 65yrs (GA)

Male sex: 72.5% (LA), 68.3% (GA)

Comparability: groups similar for vascular risk factors (except older patients and higher degree of ICA stenosis

in LA).

Indication for surgery: asymptomatic cases, transient ischaemic attack, amaurosix fugax, reversible ischaemic

neurological deficit, disabling cerebrovascular accident with persisting neurological deficit > 3 wks

Interventions LA: superficial & deep cervical block with bupivacain or ropivacaine/ lignocaine

GA: intravenous induction agents and inhalational agents

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: deteriorating level of consciousness, increasing confusion or irritability, development of neurological

deficit

GA: recent stroke, contralateral carotid occlusion, frequent transient ischaemic attacks, stump pressure < 50

mmHg, haemodynamic instability (intraoperative)

Outcomes Death

Any stroke

Bleeding

Cranial nerve injuries

Shunted arteries

Notes FU: 30 days

Ex: a crossover patient (from LA to GA.)

Allocation concealment C – Inadequate

Study McCarthy 2001a

Methods RCT

C: unclear

Blinding: unclear

Crossover: unclear

Loss FU: unclear

Participants UK 1998-2001

66 patients, 67 operations

Age-mean: not reported

Sex: not reported

Comparability: groups similar for vascular risk factors

Indication for surgery: unclear

Interventions LA: superficial cervical block with lignocaine

GA: Midazolam, fentanyl, propofol

Patching: unclear
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Antiplatelet Rx:

unclear

Indication for shunting:

LA: focal or global neurological deficit

GA: reduction 50% or more of middle cerebral artery velocity during clamping or no window for transcranial

doppler

Outcomes Stroke and death

Blood pressure

Notes FU: unclear

Ex: unclear

Allocation concealment B – Unclear

Study McCarthy 2001b

Methods Non RCT

Allocation: not reported

Prospective study

Consecutive

patients

Participants UK 1993-1999

216 patients, 240 operations

Age-mean: 71yrs (LA), 70yrs (GA)

Males: 97% (LA); 54.3% (GA)

Comparability: groups similar for vascular risk factors (except more asymptomatic cases in LA) Indication

for surgery: not reported

Interventions LA: superficial cervical block with bupivacaine and xylocaine

GA: fentanyl, alfentanil, propofol and isofluorane

Patching: LA: 41%; GA: 25%

Antiplatelet Rx:

not reported

Indication for shunting:

LA: any patients unable to move a contralateral limb or who became unresponsive to questioning

GA: no TCD monitoring or > 50% reduction in middle cerebral artery velocity during clamping

Outcomes Death

Any stroke

Myocardial infarction

TIA

Bleeding

Cranial nerve injuries

Shunted arteries Time in hospital Blood pressure Cost

Notes FU: 30 days

Ex: not reported

Allocation concealment C – Inadequate

Study McCleary 1996

Methods Non RCT

Allocation: not reported

Prospective study

Consecutive

patients
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Participants UK 1996

65 patients,

?No. of operations

age-mean: 67yrs (LA), 69yrs (GA)

Males: 75% (LA); 57.6% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block

with bupivacaine and prilocaine

GA: fentanyl, etomide, pancuronium, isoflourane and nitrous oxide

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: deterioration of cerebral function or the level of consciousness (by squeezing a squeaky toy)

GA: mean stump pressure < 50 mmHg

Outcomes Death

Any stroke

Myocardial infarction

Shunted arteries

Blood pressure

Notes FU: probably - in hospital stay

Ex: not reported

Allocation concealment C – Inadequate

Study Merten 2000

Methods Non RCT

Allocation: unclear

Prospective study

Consecutive patients: unclear

Participants Chile1998-1999

?No. of patients, 94 operations

Age & sex: not reported

Comparability: not reported

Indication for surgery: stable symptomatic ICA stenosis or asymptomatic ICA stenosis > 70%

Interventions LA: superficial & deep cervical block

GA: not reported

Patching & Antiplatelet Rx: unclear

Indication for shunting:

LA: neurological symptoms during surgery or severe contralateral disease

GA: unclear

Outcomes Death

Notes FU: 30 days

Ex: unclear

Allocation concealment C – Inadequate

Study Muskett 1986

Methods Non RCT

Allocation: surgeon preference

Retrospective study
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Consecutive patients

Participants USA 1984-1985

75 patients,

?No of operations

Age: similar

Comparability: groups similar for vascular risk factors (except more contralateral occlusion in GA (22% vs

13%))

Indication for surgery - similar % asymptomatic disease

Interventions LA: superficial & deep cervical block by lidocaine & bupivicaine and lidocaine skin infiltration; fentanyl for

light sedation

GA: halothane or fluorane and nitrous oxide

Patching &

Antiplatelet Rx: not reported

Indication for shunting: not reported

Outcomes Death

Any stroke

Myocardial infarction

Pulmonary complications (pulmonary oedema)

Blood pressure

Shunted arteries

Days of hospital stay

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study NASCET 1998

Methods Non RCT

Allocation: not reported

Prospective study

Non consecutive

patients

Participants Multicenter international Trial (mainly in USA) 1988-1997

?No of patients, 1414 operations

Age: not available

Male: 70.5% (of all patients)

Comparability: not available

Indication for surgery: symptomatic carotid stenosis

(30-99%)

Interventions LA & GA technique: not standardised

Patching: not available

Antiplatelet Rx: not reported

Use of shunt: not standardised

Outcomes Death

Any stroke

Shunted arteries

Blood pressure

Notes FU: 30 days

Ex: any patients with limited life expectancy <5 yrs, cerebral infarction (limited function), nonatherosclerotic

carotid disease, cardiac embolism, history of ipsilateral endarterectomy or any patients without informed

consent, ICA occlusion or severe intracranial stenosis
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Allocation concealment C – Inadequate

Study Ombrellaro 1996

Methods Non RCT

Allocation: patient and surgeon preference Retrospective study

Consecutive

patients

Participants USA 1991-1994

?No. of patients, 266 operations

Age-mean: 68yrs (LA), 68yrs (GA)

Males: 60.7% (LA), 64.3% (GA)

Comparability: groups similar for vascular risk factors (except coronary angioplasty was higher in LA)

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block

with bupivacaine

GA: Alfentanil hydrochloride and nitrous oxide

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: deterioration for questioning and weakness of the contralateral hand

GA: contralateral ICA occlusion, stump pressure < 40 mmHg

Outcomes Death

Any stroke

Myocardial infarction

TIA

Shunted arteries

Blood pressure

Notes FU: not reported

Ex: unclear

Allocation concealment C – Inadequate

Study Palmer 1989

Methods Non RCT

Allocation: early GA, later LA, single surgeon

Retrospective study

Consecutive patients

Participants USA 1985-1988

221 patients, ?No. of operations

Age-mean: 73 yrs (LA), 71 yrs (GA)

Sex: not reported

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: deep cervical block in 46 cases, local cervical block in 138 cases

GA: not reported

Patching &

Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deterioration during cross-clamping

GA: all patients

Outcomes Death

31Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Characteristics of included studies (Continued )

Any stroke

Myocardial infarction

Shunted arteries

Notes FU: hospital discharge

Ex: unclear

Allocation concealment C – Inadequate

Study Pluskwa 1989

Methods RCT

C: random number list, ?open

Blinding: unclear

Crossovers: none

Exclusions during trial: none

Losses to FU: none

Participants France 1989

20 patients, 20 operations

Age-mean: 66 yrs (LA), 63 yrs (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 & 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

Allocation concealment B – Unclear

Study Prough 1989

Methods RCT

C: unclear

Blinding: unclear

Crossovers: none

Exclusions during trial: none

Losses to FU: none

Participants USA 1989

23 patients, 23 operations

Age-mean: 67 yrs (LA), 61 yrs (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 & Antiplatelet Rx: not reported
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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

Allocation concealment C – Inadequate

Study Quigley 2000

Methods Non RCT

Allocation: all patients had LA unless specific conditions were present (eg. anticipation of exposure difficulties,

anxious patients, post radiation of neck)

Prospective study

Consecutive

patients

Participants USA 1995-1997

169 patients, 186 operations

age & sex: not reported

Comparability: not reported

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block with lidocaine and bupivacaine

GA: barbiturate, inhalation and narcotics

Patching &

Antiplatelet Rx:

not reported

Indication for shunting:

LA: neurological deficit during clamping

GA: all patients

Outcomes Death

Any stroke

Myocardial infarction

Bleeding

Cranial nerve injuries

Shunted arteries

Patient satisfaction

Notes FU: unclear

Ex: not reported

Allocation concealment C – Inadequate

Study Reina 1998

Methods Non RCT

Allocation: before 1994 mainly GA and after 1994 mainly LA

Prospective study 1994-1996 Retrospective study 1987-1993

Consecutive patients: unclear

Participants Spain 1987-1996

265 patients, 304 operations

Age-mean: 69yrs (LA), 64yrs (GA)
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Males: 86.2% (LA), 87.8% (GA)

Comparability: groups similar for vascular risk factors (except more hypertension, more ECG abnormality

and older patients in LA)

Indication for surgery: not reported

Interventions LA: superficial and deep cervical block

GA technique: not reported

Patching: LA; 18.1%, GA; 5.3%

Antiplatelet Rx: not reported Indication for shunting:

LA: contralateral weakness,

loss of consciousness during clamping

GA: not reported

Outcomes Death

Any stroke

Myocardial infarction

Shunted arteries

Patched artereies

Notes FU: 30 days

Ex: patients unable to tolerate LA

Allocation concealment C – Inadequate

Study Rignano 1999

Methods Non RCT

Allocation: not reported

Retrospective study

Consecutive patients

Participants Italy 1993-1996

245 patients, ?No. of operations

Age & sex: not reported

Comparability: unclear

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block with bupivacaine, lignocaine

GA: neuroleptic drug, muscle relaxant and inhalation anaesthesia

Patching &

Antiplatelet Rx: not reported

Indication for shunting:

LA: deficit after cross clamping

GA: reduced amplitude of electroencephalography or evoked potentials

Outcomes Death

Myocardial infarction

Shunted arteries

Blood pressure

Notes FU: not reported

Ex: not reported

Allocation concealment C – Inadequate

Study Rockman 1996

Methods Non RCT

Allocation: surgeon preference with input from patient and anesthesiologist
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Retrospective study

Consecutive patients

Participants USA 1962-1994

?No of patients, 3975 operations

Age-mean: 65.6yrs (LA), 66.1yrs (GA)

Sex: not reported

Comparability: groups similar for vascular risk factors (except more stroke, contralateral occlusion in GA)

Indication for surgery: not reported

Interventions LA & GA technique: not reported

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: during cross clamping, patients had convulsions, loss of consciousness, aphasia, extremity weakness,

confusion and slowing of mentation

GA: all patients

Outcomes Death

Any stroke

Myocardial infarction

Shunted arteries

Notes FU: unclear

Ex: not reported

Allocation concealment C – Inadequate

Study Sbarigia 1999

Methods RCT:

Randomisation: casual number

C: computer

Blinding: assessor (neurologist)

Crossovers: 2 exclusions during trials

Loss to FU: 18

Participants Italy 1995-1998

107 patients, 107 operations

Age-mean: 69.0yrs (LA), 70.4 yrs (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 Thiopenthal+ Fentanyl+ Isoflurane or vercuronium+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

35Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Characteristics of included studies (Continued )

Notes FU: 30 days

Ex: clinical signs of congestive heart disease, severe valvular heart disease, unstable angina, left bundle branch

block (by ECG)

Allocation concealment A – Adequate

Study Schwartz 1988

Methods Non RCT

Allocation: surgeon preference

Retrospective study

Consecutive patients

Participants USA 1979-1985

311 patients, 324 operations

Age: mean 65 yrs (LA), 63 yrs (GA)

Male: 59%

Comparability: groups similar for vascular risk factors (except more prior stroke in GA) Indication for surgery:

not reported

Interventions LA: skin infiltration with bipuvacaine & lidocaine; sedated with diazepam, fentanyl, droperidol

GA: induction with barbiturate/muscle relaxant and followed by standard GA

Patching: 7.7% (GA) vs 3.1% (LA) Antiplatelet Rx: not reported

Indication for shunting:

LA: neurological deficit after test clamp

GA: routine or low stump pressure

Outcomes Death

Any stroke

Myocardial infarction

Pulmonary complications (aspiration, pneumonia, pulmonary emboli)

Shunted arteries

Notes FU: unclear

Ex: combined CABG

Allocation concealment C – Inadequate

Study Scuderi 1989

Methods Non RCT

Allocation: chosen by one surgeon and patient preference

Retrospective study

Consecutive patients: unclear

Participants USA 1959-1980

203 patients, 249 operations

Age & sex: unclear Comparability: groups similar for vascular risk factors (except more uncontrolled hyper-

tension in LA (41% vs 30%))

Indication for surgery: not reported

Interventions LA: superficial cervical block with local infiltration as necessary, intravenous diazepam, thiopental, narcotics

as required

GA: thiopental, halothane and enflurane

Patching & Antiplatelets: not reported

Indication for shunting: not reported

Outcomes Blood pressure

Notes FU: 24 hours post surgery
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Ex: unclear

Allocation concealment C – Inadequate

Study Shah 1994

Methods Non RCT

Allocation: surgeon/patient preference

Retrospective

study

Consecutive patients

Participants USA 1979-1993

?No. of patients, 873 operations

Age-mean: 68 yrs

Male: 65%

Comparability: groups similar for vascular risk factors

Indication for surgery: not reported

Interventions LA: superficial & deep cervical block by bupivacaine; sedation with small amounts of diazepam and/or

narcotics

GA: thiopental, nitrous oxide, isoflurane

Patching: 2.1% (LA), 3.2% (GA)

Antiplatelet Rx : not reported

Indication for shunting:

LA: neurological deterioration

GA: stump pressure < 50 mmHg, severe contralateral, occlusion, EEG change, surgeon’s choice

Outcomes Death

Any stroke

Myocardial infarction

Shunted arteries

Notes FU: 2-3 weeks

Ex: unclear

Allocation concealment C – Inadequate

Study Stone 2000

Methods Non RCT

Allocation: patients and anesthesiologist preference together with technical consideration

Retrospective study

Consecutive

patients

Participants USA 1994-1999

116 patients, 128 operations

Age-mean: 73yrs (LA), 74yrs (GA)

Males: 56.7% (LA); 47.5% (GA)

Comparability: unclear

Indication for surgery: symptomatic and asymptomatic cases

Interventions LA: superficial & deep cervical block with bupivacaine

GA: thiopental / propofol and isofluorane

Patching: 37.3% (LA); 49.2% (GA)

Antiplatelet Rx: not reported

Indication for shunting:

LA: any problem with motor function and simple question
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GA: previous stroke, poor distal carotid artery back bleeding, contralateral ICA occlusion

Outcomes Death

Any stroke

Bleeding

Cranial nerve injuries

Shunted arteries

Feasibility of LA

Notes FU: 30 days

Ex: any carotid endarterectomy which needed second operations such as subclavian to carotid bypass addi-

tional to CEA.

Allocation concealment C – Inadequate

Study Stoughton 1998

Methods Non RCT

Allocation:

all patients were allocated for LA unless patients refused, cognitive limitation, anxiety, orthopnea, language

barrier (GA)

Prospective study

Consecutive

patients

Participants USA 1994-1997

182 patients, 208 operations

Age-mean: 72yrs (LA), 74yrs (GA)

Males: 48% (LA); 43% (GA)

Comparability: groups similar for vascular risk factors

Indication for surgery: symptomatic and asymptomatic ICA stenosis 70% or more

Interventions LA: superficial cervical block etidocaine

GA: thiopental or propofol, muscle relaxant, nitrous oxide, isoflurane, fentanyl

Patching & Antiplatelet Rx: not reported

Indication for shunting:

LA: speech change, significant agitation, confusion, contralateral weakness, seizure or unresponsivness

GA: all patients

Outcomes Death

Any stroke

Myocardial infarction

TIA

Shunted arteries

Time in hospital and in intensive care

Notes FU: 30 days

Ex: none

Allocation concealment C – Inadequate

Study Stullken 1984

Methods Non RCT

Allocation: group selection unclear

Retrospective study

Consecutive patients: unclear

Participants USA 1969-1982

?No. of patients, 250 operations
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Characteristics of included studies (Continued )

Age & sex: not reported

Comparability: not reported

Indication for surgery: not reported

Interventions LA: superficial cervical block; light sedation

GA: thiopental and various maintenance techniques

Patching: not reported

Antiplatelet Rx: not reported

Indication for shunt: not reported

Outcomes Blood pressure

Notes FU: until in intensive care

Ex: unclear

Allocation concealment C – Inadequate

Study Syrek 1999

Methods Non RCT

Allocation: all patients to LA unless patients or surgeon had preference for GA or patients needed conversion

to GA.

Prospective study

Consecutive

patients

Participants USA 1995-1996

109 patients,

?No. of operations

age & sex: not reported

Comparability: not reported Indication for surgery: not reported

Interventions LA & GA technique: not reported

Patching & Antiplatelet Rx:

not reported

Indication for shunting: not reported

Outcomes Death

Any stroke

Notes FU: hospital stay

Ex: any patients under surgeons who did not participate protocol, combined with other operation (eg CABG),

emergency admission

Allocation concealment C – Inadequate

Study Taylor 1999

Methods Non RCT

Allocation: unclear

Prospective study

Non consecutive

patients

Participants Multicenter international Trial (mainly in USA) 1994-1998

1292 operations

Age: not available

Males: 70.0% (of all patients)

Comparability for vascular risk factors: not available

Indications for surgery: All patients eligible for CEA
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Characteristics of included studies (Continued )

Interventions LA & GA technique: not standardised

Patching: not available

Antiplatelet Rx: not reported

Indications for shunting: not standardised

Outcomes Death

Any stroke

Shunted arteries

Notes FU: 30 days

Ex: patients unable to stop acetylsalicylic acid, recent disabling stroke, cardiac surgery within 30 days of

CEA, lack of informed consent

Allocation concealment C – Inadequate

Study Wellman 1998

Methods Non RCT

Allocation: surgeon preference

Retrospective study

Consecutive

patients

Participants USA

217 patients, 225 operations

Age-mean: 68.1yrs (LA), 63.9yrs (GA)

Sex: not reported

Comparability: groups similar for vascular risk factors

Indication for surgery: asymptomatic carotid stenosis, transient ischaemic attack, stroke

Interventions LA: cervical block

with bupivacaine

GA: nitrous oxide, halothane, isoflurane, fentanyl, muscle relaxant

Patching &

Antiplatelet Rx:

not reported

Indication for shunting:

LA: neurological deficit

GA: electroencephalography finding of suppresion, slowing or loss of fast activity

Outcomes Shunted arteries

Notes FU: unclear

Ex: not reported

Allocation concealment C – Inadequate

RCT-Randomised controlled trial; C-Concealment of allocation; GA-General anaesthetic; FU-Follow up; Ex-exclusion; Rx-Therapy; CABG-Coronary

artery bypass grafting; LA-Local anaesthetic; ICA-internal carotid artery, Ex-exclusion criteria, TIA-transient ischaemic attack, Allocation concealment

- the information to determine how good study hide the randomisation code: A = adequate, B = Unclear, C = Inadequate, D = Not used

Characteristics of ongoing studies

Study McCleary 2001

Trial name or title GALA trial

Participants 5000 patients

Interventions

Outcomes Stroke and death
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Length of stay Requirement of high dependency/intensive care

Cardiac complication

Patient satisfaction

Treatment cost

Starting date July 1997

Contact information Bridgit Colam, Neurosciences Trial Unit,

Edinburgh

website: http://www.dcn.ed.ac.uk/gala/proto_summ.htm

Notes

A N A L Y S E S

Comparison 01. Local vs general anaesthetic: randomised trials

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Death within 30 days of

operation

7 554 Peto Odds Ratio 95% CI 0.23 [0.05, 1.02]

02 Any stroke within 30 days of

operation

7 554 Peto Odds Ratio 95% CI 1.01 [0.32, 3.18]

03 Stroke or death within 30 days

of operation

7 554 Peto Odds Ratio 95% CI 0.63 [0.25, 1.62]

04 Myocardial infarction within

30 days of operation

7 554 Peto Odds Ratio 95% CI 0.77 [0.21, 2.88]

05 Local haemorrhage 4 444 Peto Odds Ratio 95% CI 0.31 [0.12, 0.79]

06 Cranial nerve injuries 3 333 Peto Odds Ratio 95% CI 1.98 [0.39, 9.97]

07 Arteries shunted 4 444 Peto Odds Ratio 95% CI 0.68 [0.40, 1.14]

Comparison 02. Local vs general: non-randomised studies

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Death within 30 days of

operation

35 17703 Peto Odds Ratio 95% CI 0.67 [0.46, 0.97]

02 Any stroke within 30 days of

operation

31 16832 Peto Odds Ratio 95% CI 0.56 [0.44, 0.70]

03 Stroke or death within 30 days

of operation

26 13547 Peto Odds Ratio 95% CI 0.61 [0.48, 0.77]

04 Myocardial infarction within

30 days of operation

22 14773 Peto Odds Ratio 95% CI 0.55 [0.39, 0.79]

05 Local haemorrhage 15 7426 Peto Odds Ratio 95% CI 0.74 [0.51, 1.07]

06 Pulmonary complications 7 2927 Peto Odds Ratio 95% CI 0.31 [0.15, 0.63]

07 Cranial nerve injury 13 6873 Peto Odds Ratio 95% CI 0.92 [0.64, 1.33]

08 Arteries shunted 28 15850 Peto Odds Ratio 95% CI 0.11 [0.10, 0.12]

I N D E X T E R M S

Medical Subject Headings (MeSH)
∗Anesthesia, General; ∗Anesthesia, Local; Clinical Trials as Topic; ∗Endarterectomy, Carotid [adverse effects; methods]

MeSH check words

Humans

41Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



C O V E R S H E E T

Title Local versus general anaesthesia for carotid endarterectomy

Authors Rerkasem K, Bond R, Rothwell PM

Contribution of author(s) Kittipan Rerkasem: designed the protocol, performed searched, selected studies for inclusion

or exclusion, and updated the review.

Richard Bond: designed the protocol, performed searched, selected studies for inclusion or

exclusion, and updated the review.

Peter Rothwell: Locally co-ordinated the update, advised on the design of the updated

protocol and updated the review.

Issue protocol first published 1996/1

Review first published 1996/1

Date of most recent amendment 22 October 2004

Date of most recent

SUBSTANTIVE amendment

03 December 2003

What’s New In the seven years since this review was first published there have been 26 new non-ran-

domised studies and 4 new randomised trials identified.

Date new studies sought but

none found

Information not supplied by author

Date new studies found but not

yet included/excluded

Information not supplied by author

Date new studies found and

included/excluded

30 May 2002

Date authors’ conclusions

section amended

06 December 2002

Contact address Dr Peter Rothwell

Consultant Neurologist and MRC Senior Clinical Fellow

Stroke Prevention Research Unit, Oxford University Department of Clinical Neurology

Radcliffe Infirmary

Woodstock Road

Oxford

Oxfordshire

OX2 6HE

UK

E-mail: peter.rothwell@clneuro.ox.ac.uk

Tel: +44 01865 224237

Fax: +44 01865 228572

DOI 10.1002/14651858.CD000126.pub2

Cochrane Library number CD000126

Editorial group Cochrane Stroke Group

Editorial group code HM-STROKE

42Local versus general anaesthesia for carotid endarterectomy (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



G R A P H S A N D O T H E R T A B L E S

Analysis 01.01. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 01 Death within 30

days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 01 Death within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 0/27 0/19 0.0 Not estimable

Forssell 1989 0/56 1/55 14.5 0.13 [ 0.00, 6.70 ]

Kasprzak 2002 0/85 1/95 14.4 0.15 [ 0.00, 7.62 ]

McCarthy 2001a 1/34 1/33 28.5 0.97 [ 0.06, 15.85 ]

x Pluskwa 1989 0/10 0/10 0.0 Not estimable

x Prough 1989 0/13 0/10 0.0 Not estimable

Sbarigia 1999 0/55 3/52 42.6 0.12 [ 0.01, 1.21 ]

Total (95% CI) 280 274 100.0 0.23 [ 0.05, 1.02 ]

Total events: 1 (Local), 6 (General)

Test for heterogeneity chi-square=1.43 df=3 p=0.70 I² =0.0%

Test for overall effect z=1.93 p=0.05

0.1 0.2 0.5 1 2 5 10

Local better General better
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Analysis 01.02. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 02 Any stroke

within 30 days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 02 Any stroke within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 0/27 0/19 0.0 Not estimable

Forssell 1989 4/56 2/55 49.1 1.97 [ 0.38, 10.15 ]

Kasprzak 2002 2/85 1/95 25.4 2.20 [ 0.23, 21.51 ]

x McCarthy 2001a 0/34 0/33 0.0 Not estimable

Pluskwa 1989 0/10 1/10 8.6 0.14 [ 0.00, 6.82 ]

x Prough 1989 0/13 0/10 0.0 Not estimable

Sbarigia 1999 0/55 2/52 17.0 0.13 [ 0.01, 2.03 ]

Total (95% CI) 280 274 100.0 1.01 [ 0.32, 3.18 ]

Total events: 6 (Local), 6 (General)

Test for heterogeneity chi-square=4.26 df=3 p=0.24 I² =29.5%

Test for overall effect z=0.02 p=1

0.1 0.2 0.5 1 2 5 10

Local better General better
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Analysis 01.03. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 03 Stroke or death

within 30 days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 03 Stroke or death within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 0/27 0/19 0.0 Not estimable

Forssell 1989 4/56 3/55 38.1 1.33 [ 0.29, 6.09 ]

Kasprzak 2002 2/85 2/95 22.5 1.12 [ 0.15, 8.11 ]

McCarthy 2001a 1/34 1/33 11.3 0.97 [ 0.06, 15.85 ]

Pluskwa 1989 0/10 1/10 5.7 0.14 [ 0.00, 6.82 ]

x Prough 1989 0/13 0/10 0.0 Not estimable

Sbarigia 1999 0/55 4/52 22.3 0.12 [ 0.02, 0.88 ]

Total (95% CI) 280 274 100.0 0.63 [ 0.25, 1.62 ]

Total events: 7 (Local), 11 (General)

Test for heterogeneity chi-square=4.59 df=4 p=0.33 I² =12.8%

Test for overall effect z=0.96 p=0.3

0.1 0.2 0.5 1 2 5 10

Local better General better

Analysis 01.04. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 04 Myocardial

infarction within 30 days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 04 Myocardial infarction within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 0/27 0/19 0.0 Not estimable

Forssell 1989 2/56 1/55 33.5 1.94 [ 0.20, 19.01 ]

x Kasprzak 2002 0/85 0/95 0.0 Not estimable

McCarthy 2001a 1/34 2/33 33.1 0.49 [ 0.05, 4.86 ]

x Pluskwa 1989 0/10 0/10 0.0 Not estimable

x Prough 1989 0/13 0/10 0.0 Not estimable

Sbarigia 1999 1/55 2/52 33.4 0.48 [ 0.05, 4.70 ]

Total (95% CI) 280 274 100.0 0.77 [ 0.21, 2.88 ]

0.1 0.2 0.5 1 2 5 10

Local better General better (Continued . . . )
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(. . . Continued)

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Total events: 4 (Local), 5 (General)

Test for heterogeneity chi-square=0.94 df=2 p=0.62 I² =0.0%

Test for overall effect z=0.39 p=0.7

0.1 0.2 0.5 1 2 5 10

Local better General better

Analysis 01.05. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 05 Local

haemorrhage

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 05 Local haemorrhage

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Binder 1999 1/27 1/19 11.0 0.69 [ 0.04, 11.94 ]

Forssell 1989 1/56 6/55 38.3 0.22 [ 0.05, 0.99 ]

Kasprzak 2002 2/85 4/95 33.7 0.56 [ 0.11, 2.86 ]

Sbarigia 1999 0/55 3/52 17.0 0.12 [ 0.01, 1.21 ]

Total (95% CI) 223 221 100.0 0.31 [ 0.12, 0.79 ]

Total events: 4 (Local), 14 (General)

Test for heterogeneity chi-square=1.67 df=3 p=0.64 I² =0.0%

Test for overall effect z=2.45 p=0.01

0.1 0.2 0.5 1 2 5 10

Local better General better
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Analysis 01.06. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 06 Cranial nerve

injuries

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 06 Cranial nerve injuries

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 0/27 0/19 0.0 Not estimable

Kasprzak 2002 2/55 2/52 66.2 0.94 [ 0.13, 6.90 ]

Sbarigia 1999 2/85 0/95 33.8 8.41 [ 0.52, 136.10 ]

Total (95% CI) 167 166 100.0 1.98 [ 0.39, 9.97 ]

Total events: 4 (Local), 2 (General)

Test for heterogeneity chi-square=1.57 df=1 p=0.21 I² =36.3%

Test for overall effect z=0.83 p=0.4

0.1 0.2 0.5 1 2 5 10

Local better General better

Analysis 01.07. Comparison 01 Local vs general anaesthetic: randomised trials, Outcome 07 Arteries shunted

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 01 Local vs general anaesthetic: randomised trials

Outcome: 07 Arteries shunted

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Binder 1999 27/27 19/19 0.0 Not estimable

Forssell 1989 5/56 25/55 39.1 0.16 [ 0.07, 0.37 ]

Kasprzak 2002 19/85 10/95 43.2 2.39 [ 1.08, 5.28 ]

Sbarigia 1999 5/55 6/52 17.6 0.77 [ 0.22, 2.66 ]

Total (95% CI) 223 221 100.0 0.68 [ 0.40, 1.14 ]

Total events: 56 (Local), 60 (General)

Test for heterogeneity chi-square=21.26 df=2 p=<0.0001 I² =90.6%

Test for overall effect z=1.46 p=0.1

0.1 0.2 0.5 1 2 5 10

Fewer shunts Local Fewer shunts General
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Analysis 02.01. Comparison 02 Local vs general: non-randomised studies, Outcome 01 Death within 30 days

of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 01 Death within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Agrifoglio 1987 0/29 2/28 1.8 0.13 [ 0.01, 2.06 ]

Allen 1994 2/274 4/310 5.3 0.58 [ 0.12, 2.89 ]

Andersen 1980 6/179 1/152 6.1 3.66 [ 0.82, 16.41 ]

x Bartoloni 1991 0/69 0/75 0.0 Not estimable

Becquemin 1991 1/132 6/220 5.8 0.37 [ 0.08, 1.71 ]

Bowyer 2000 2/272 2/228 3.6 0.84 [ 0.12, 6.02 ]

x Brown 1999 0/157 0/132 0.0 Not estimable

Corson 1987 1/145 3/223 3.4 0.54 [ 0.07, 4.08 ]

ECST 1998 0/58 17/1681 2.0 0.35 [ 0.02, 5.03 ]

Gabelman 1983 0/48 1/40 0.9 0.11 [ 0.00, 5.68 ]

x Ghali 1997 0/33 0/57 0.0 Not estimable

x Godin 1989 0/50 0/50 0.0 Not estimable

Harbaugh 2000 2/632 0/171 1.2 3.57 [ 0.12, 105.59 ]

Hartsell 1999 2/116 1/118 2.7 1.99 [ 0.21, 19.35 ]

Imparato 1998 47/3382 12/593 26.6 0.65 [ 0.32, 1.33 ]

x Jopling 1983 0/50 0/30 0.0 Not estimable

Kraiss 1995 0/18 1/178 0.3 0.33 [ 0.00, 294.58 ]

Kucey 1998 0/185 23/1096 10.1 0.30 [ 0.09, 0.98 ]

Love 2000 0/200 3/243 2.7 0.16 [ 0.02, 1.56 ]

McCarthy 2001b 2/100 0/140 1.7 11.13 [ 0.67, 186.25 ]

McCleary 1996 1/32 0/33 0.9 7.62 [ 0.15, 384.38 ]

x Merten 2000 0/22 0/72 0.0 Not estimable

x Muskett 1986 0/30 0/45 0.0 Not estimable

NASCET 1998 0/104 14/1310 3.4 0.34 [ 0.04, 2.53 ]

x Ombrellaro 1996 0/140 0/126 0.0 Not estimable

Palmer 1989 2/184 0/37 1.0 3.34 [ 0.08, 137.98 ]

0.1 0.2 0.5 1 2 5 10

Local better General better (Continued . . . )
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(. . . Continued)

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Quigley 2000 0/126 1/78 0.9 0.07 [ 0.00, 4.13 ]

Reina 1998 3/116 3/188 5.0 1.67 [ 0.32, 8.77 ]

Rignano 1999 0/76 1/169 0.8 0.23 [ 0.00, 16.24 ]

Schwartz 1988 0/149 2/162 1.8 0.15 [ 0.01, 2.35 ]

Shah 1994 5/654 3/219 5.4 0.51 [ 0.10, 2.56 ]

x Stone 2000 0/67 0/61 0.0 Not estimable

x Stoughton 1998 0/150 0/58 0.0 Not estimable

Syrek 1999 1/83 0/26 0.7 3.72 [ 0.04, 369.48 ]

Taylor 1999 2/140 16/1152 6.2 1.03 [ 0.23, 4.60 ]

Total (95% CI) 8202 9501 100.0 0.67 [ 0.46, 0.97 ]

Total events: 79 (Local), 116 (General)

Test for heterogeneity chi-square=24.29 df=24 p=0.45 I² =1.2%

Test for overall effect z=2.09 p=0.04

0.1 0.2 0.5 1 2 5 10

Local better General better

Analysis 02.02. Comparison 02 Local vs general: non-randomised studies, Outcome 02 Any stroke within 30

days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 02 Any stroke within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Agrifoglio 1987 1/30 4/30 1.6 0.28 [ 0.04, 1.70 ]

Allen 1994 6/274 10/310 5.4 0.68 [ 0.25, 1.83 ]

Andersen 1980 5/232 5/189 3.3 0.81 [ 0.23, 2.85 ]

Bartoloni 1991 2/71 4/76 2.0 0.54 [ 0.11, 2.74 ]

Becquemin 1991 5/132 7/220 3.8 1.20 [ 0.37, 3.94 ]

Bowyer 2000 3/272 12/228 5.0 0.24 [ 0.09, 0.67 ]

Corson 1987 1/145 6/223 2.3 0.34 [ 0.07, 1.58 ]

ECST 1998 1/58 112/1681 4.7 0.44 [ 0.15, 1.28 ]

Fiorani 1997 12/683 15/337 8.0 0.35 [ 0.16, 0.79 ]

0.1 0.2 0.5 1 2 5 10

Local better General better (Continued . . . )
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(. . . Continued)

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Gabelman 1983 2/54 2/46 1.3 0.85 [ 0.12, 6.24 ]

Godin 1989 0/50 1/50 0.3 0.14 [ 0.00, 6.82 ]

Harbaugh 2000 15/632 4/171 4.3 1.01 [ 0.33, 3.08 ]

Hartsell 1999 2/116 2/118 1.4 1.02 [ 0.14, 7.32 ]

x Jopling 1983 0/50 0/30 0.0 Not estimable

Kraiss 1995 0/18 6/178 0.7 0.32 [ 0.02, 5.35 ]

Love 2000 2/200 8/243 3.3 0.35 [ 0.10, 1.25 ]

McCarthy 2001b 2/100 4/140 2.0 0.70 [ 0.14, 3.63 ]

McCleary 1996 0/32 1/33 0.3 0.14 [ 0.00, 7.03 ]

Muskett 1986 1/30 0/45 0.3 12.18 [ 0.22, 665.65 ]

NASCET 1998 8/104 67/1310 6.7 1.67 [ 0.69, 4.07 ]

Ombrellaro 1996 3/140 6/126 3.0 0.45 [ 0.12, 1.70 ]

Palmer 1989 1/184 1/37 0.4 0.09 [ 0.00, 3.76 ]

Quigley 2000 1/126 0/78 0.3 5.05 [ 0.09, 284.92 ]

Reina 1998 2/116 5/188 2.2 0.66 [ 0.14, 3.08 ]

Rockman 1996 68/3382 19/593 14.9 0.57 [ 0.32, 1.04 ]

Schwartz 1988 5/149 18/162 7.3 0.32 [ 0.14, 0.76 ]

Shah 1994 11/654 6/219 4.3 0.58 [ 0.19, 1.74 ]

Stone 2000 1/67 0/61 0.3 6.76 [ 0.13, 341.96 ]

Stoughton 1998 0/150 3/58 0.8 0.03 [ 0.00, 0.34 ]

Syrek 1999 1/83 0/26 0.3 3.72 [ 0.04, 369.48 ]

Taylor 1999 5/140 70/1152 9.4 0.63 [ 0.30, 1.34 ]

Total (95% CI) 8474 8358 100.0 0.56 [ 0.44, 0.70 ]

Total events: 166 (Local), 398 (General)

Test for heterogeneity chi-square=30.11 df=29 p=0.41 I² =3.7%

Test for overall effect z=4.97 p<0.00001

0.1 0.2 0.5 1 2 5 10

Local better General better
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Analysis 02.03. Comparison 02 Local vs general: non-randomised studies, Outcome 03 Stroke or death

within 30 days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 03 Stroke or death within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Agrifoglio 1987 1/30 4/30 1.6 0.28 [ 0.04, 1.70 ]

Allen 1994 8/318 14/361 7.4 0.65 [ 0.28, 1.52 ]

Bartoloni 1991 2/71 4/76 2.0 0.54 [ 0.11, 2.74 ]

Becquemin 1991 5/132 12/220 5.3 0.70 [ 0.25, 1.90 ]

Corson 1987 2/157 7/242 2.9 0.48 [ 0.12, 1.86 ]

ECST 1998 1/58 122/1681 5.1 0.43 [ 0.16, 1.20 ]

Gabelman 1983 2/54 3/46 1.7 0.56 [ 0.09, 3.35 ]

Godin 1989 0/50 1/50 0.3 0.14 [ 0.00, 6.82 ]

Harbaugh 2000 17/632 4/171 4.8 1.15 [ 0.40, 3.31 ]

Hartsell 1999 3/116 2/118 1.7 1.53 [ 0.26, 8.96 ]

x Jopling 1983 0/50 0/30 0.0 Not estimable

Karp 1998 5/294 52/1651 9.9 0.60 [ 0.29, 1.25 ]

Kucey 1998 6/185 75/1096 13.1 0.54 [ 0.29, 1.03 ]

Love 2000 2/200 10/243 4.0 0.31 [ 0.10, 0.97 ]

McCarthy 2001b 3/100 4/140 2.3 1.05 [ 0.23, 4.82 ]

McCleary 1996 1/32 1/33 0.7 1.03 [ 0.06, 16.87 ]

Muskett 1986 1/30 0/45 0.3 12.18 [ 0.22, 665.65 ]

NASCET 1998 8/104 77/1310 7.6 1.38 [ 0.60, 3.19 ]

Ombrellaro 1996 3/140 6/126 3.0 0.45 [ 0.12, 1.70 ]

Quigley 2000 1/126 1/78 0.7 0.61 [ 0.03, 10.57 ]

Schwartz 1988 5/149 19/162 7.7 0.31 [ 0.13, 0.71 ]

Shah 1994 13/654 8/219 5.4 0.49 [ 0.18, 1.34 ]

Stone 2000 1/67 0/61 0.3 6.76 [ 0.13, 341.96 ]

Stoughton 1998 0/150 3/58 0.8 0.03 [ 0.00, 0.34 ]

Syrek 1999 2/83 0/26 0.5 3.76 [ 0.14, 98.75 ]

Taylor 1999 7/140 76/1152 10.5 0.77 [ 0.38, 1.57 ]

0.1 0.2 0.5 1 2 5 10
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Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Total (95% CI) 4122 9425 100.0 0.61 [ 0.48, 0.77 ]

Total events: 99 (Local), 505 (General)

Test for heterogeneity chi-square=24.06 df=24 p=0.46 I² =0.3%

Test for overall effect z=4.21 p=0.00003
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Analysis 02.04. Comparison 02 Local vs general: non-randomised studies, Outcome 04 Myocardial infarction

within 30 days of operation

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 04 Myocardial infarction within 30 days of operation

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

x Agrifoglio 1987 0/30 0/30 0.0 Not estimable

Allen 1994 2/274 9/310 9.1 0.31 [ 0.09, 1.02 ]

Bartoloni 1991 0/71 3/76 2.5 0.14 [ 0.01, 1.38 ]

Becquemin 1991 0/132 10/220 7.8 0.19 [ 0.05, 0.71 ]

Bowyer 2000 2/272 3/228 4.2 0.56 [ 0.10, 3.26 ]

x Brown 1999 0/157 0/132 0.0 Not estimable

ECST 1998 5/58 161/1681 16.4 0.90 [ 0.37, 2.18 ]

Fiorani 1997 4/683 4/337 6.0 0.46 [ 0.11, 2.03 ]

Gabelman 1983 0/54 1/46 0.8 0.11 [ 0.00, 5.80 ]

x Godin 1989 0/50 0/50 0.0 Not estimable

Harbaugh 2000 2/632 3/171 2.8 0.10 [ 0.01, 0.84 ]

McCarthy 2001b 1/100 2/140 2.5 0.71 [ 0.07, 7.09 ]

Muskett 1986 0/30 1/45 0.8 0.19 [ 0.00, 10.32 ]

NASCET 1998 0/104 15/1310 3.4 0.34 [ 0.05, 2.36 ]

Ombrellaro 1996 3/140 1/126 3.3 2.48 [ 0.34, 17.84 ]

Palmer 1989 3/184 2/37 2.3 0.18 [ 0.02, 1.95 ]

Quigley 2000 0/126 1/78 0.8 0.07 [ 0.00, 4.13 ]
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Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Rockman 1996 58/3382 10/593 28.8 1.02 [ 0.52, 1.99 ]

Schwartz 1988 1/149 2/162 2.5 0.56 [ 0.06, 5.39 ]

Shah 1994 2/654 1/219 1.9 0.64 [ 0.05, 8.79 ]

Stoughton 1998 0/150 1/58 0.7 0.03 [ 0.00, 2.19 ]

Taylor 1999 1/140 9/1152 3.3 0.92 [ 0.12, 6.78 ]

Total (95% CI) 7572 7201 100.0 0.55 [ 0.39, 0.79 ]

Total events: 84 (Local), 239 (General)

Test for heterogeneity chi-square=18.91 df=18 p=0.40 I² =4.8%

Test for overall effect z=3.21 p=0.001

0.1 0.2 0.5 1 2 5 10

Local better General better

Analysis 02.05. Comparison 02 Local vs general: non-randomised studies, Outcome 05 Local haemorrhage

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 05 Local haemorrhage

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Allen 1994 2/318 5/361 6.0 0.48 [ 0.11, 2.12 ]

Bartoloni 1991 1/71 1/76 1.7 1.07 [ 0.07, 17.31 ]

Becquemin 1991 4/132 8/220 9.5 0.83 [ 0.25, 2.73 ]

Bowyer 2000 14/272 17/228 25.3 0.67 [ 0.32, 1.39 ]

Corson 1987 6/145 5/223 8.9 1.92 [ 0.56, 6.54 ]

ECST 1998 1/58 53/1681 5.9 0.62 [ 0.14, 2.81 ]

Gabelman 1983 4/54 3/46 5.7 1.14 [ 0.25, 5.30 ]

Harbaugh 2000 2/632 4/171 3.5 0.07 [ 0.01, 0.47 ]

Hartsell 1999 3/116 3/118 5.1 1.02 [ 0.20, 5.13 ]

Love 2000 1/200 5/243 5.1 0.31 [ 0.06, 1.57 ]

McCarthy 2001b 1/100 1/140 1.7 1.41 [ 0.08, 23.60 ]

Muskett 1986 1/30 1/45 1.7 1.53 [ 0.09, 26.33 ]

NASCET 1998 3/104 40/1310 9.9 0.94 [ 0.30, 3.02 ]
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Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Quigley 2000 4/126 3/78 5.6 0.82 [ 0.17, 3.84 ]

Stone 2000 2/67 3/61 4.2 0.60 [ 0.10, 3.57 ]

Total (95% CI) 2425 5001 100.0 0.74 [ 0.51, 1.07 ]

Total events: 49 (Local), 152 (General)

Test for heterogeneity chi-square=10.98 df=14 p=0.69 I² =0.0%

Test for overall effect z=1.62 p=0.1
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Analysis 02.06. Comparison 02 Local vs general: non-randomised studies, Outcome 06 Pulmonary

complications

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 06 Pulmonary complications

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Allen 1994 2/318 4/361 19.2 0.58 [ 0.12, 2.90 ]

Bartoloni 1991 0/71 3/76 9.6 0.14 [ 0.01, 1.38 ]

Bowyer 2000 1/272 0/228 3.2 6.29 [ 0.12, 321.64 ]

Corson 1987 3/157 12/242 44.7 0.43 [ 0.15, 1.24 ]

Harbaugh 2000 0/632 2/171 4.3 0.01 [ 0.00, 0.27 ]

Muskett 1986 0/30 1/45 3.1 0.19 [ 0.00, 10.32 ]

Schwartz 1988 0/155 5/169 15.9 0.14 [ 0.02, 0.84 ]

Total (95% CI) 1635 1292 100.0 0.31 [ 0.15, 0.63 ]

Total events: 6 (Local), 27 (General)

Test for heterogeneity chi-square=8.63 df=6 p=0.20 I² =30.5%

Test for overall effect z=3.26 p=0.001
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Analysis 02.07. Comparison 02 Local vs general: non-randomised studies, Outcome 07 Cranial nerve injury

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 07 Cranial nerve injury

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Allen 1994 1/274 1/310 1.7 1.13 [ 0.07, 18.24 ]

Bartoloni 1991 1/69 4/75 4.2 0.32 [ 0.05, 1.88 ]

Becquemin 1991 9/132 9/220 14.0 1.75 [ 0.66, 4.66 ]

Bowyer 2000 9/272 8/228 14.2 0.94 [ 0.36, 2.48 ]

ECST 1998 1/58 108/1681 11.5 0.45 [ 0.15, 1.32 ]

Gabelman 1983 8/48 5/40 9.7 1.39 [ 0.43, 4.50 ]

Harbaugh 2000 1/632 3/171 2.3 0.04 [ 0.00, 0.44 ]

Hartsell 1999 1/116 1/118 1.7 1.02 [ 0.06, 16.36 ]

Love 2000 6/200 10/243 13.3 0.73 [ 0.27, 1.98 ]

McCarthy 2001b 1/100 1/140 1.7 1.41 [ 0.08, 23.60 ]

NASCET 1998 8/104 74/1310 18.3 1.45 [ 0.62, 3.41 ]

Quigley 2000 2/126 2/78 3.2 0.60 [ 0.08, 4.60 ]

Stone 2000 3/67 2/61 4.2 1.37 [ 0.23, 8.17 ]

Total (95% CI) 2198 4675 100.0 0.92 [ 0.64, 1.33 ]

Total events: 51 (Local), 228 (General)

Test for heterogeneity chi-square=13.55 df=12 p=0.33 I² =11.5%

Test for overall effect z=0.44 p=0.7
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Analysis 02.08. Comparison 02 Local vs general: non-randomised studies, Outcome 08 Arteries shunted

Review: Local versus general anaesthesia for carotid endarterectomy

Comparison: 02 Local vs general: non-randomised studies

Outcome: 08 Arteries shunted

Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Allen 1994 61/318 152/361 7.5 0.35 [ 0.25, 0.48 ]

Bartoloni 1991 1/71 15/76 0.7 0.15 [ 0.05, 0.43 ]

Becquemin 1991 11/145 41/242 2.2 0.45 [ 0.25, 0.82 ]

Bowyer 2000 32/272 119/228 5.4 0.15 [ 0.10, 0.22 ]

Corson 1987 6/157 158/242 4.8 0.08 [ 0.05, 0.12 ]

ECST 1998 7/58 620/1681 2.7 0.34 [ 0.20, 0.59 ]

Fiorani 1997 89/683 74/337 6.3 0.51 [ 0.36, 0.73 ]

Gabelman 1983 11/54 38/46 1.3 0.08 [ 0.04, 0.19 ]

Ghali 1997 9/33 52/57 1.0 0.06 [ 0.02, 0.14 ]

Hartsell 1999 10/116 53/118 2.4 0.16 [ 0.09, 0.28 ]

Imparato 1998 372/3382 593/593 19.2 0.01 [ 0.01, 0.01 ]

Jopling 1983 2/50 24/30 0.9 0.03 [ 0.01, 0.09 ]

Love 2000 18/200 94/243 4.3 0.21 [ 0.14, 0.32 ]

McCarthy 2001b 13/100 70/140 2.7 0.20 [ 0.11, 0.34 ]

McCleary 1996 5/32 21/33 0.8 0.14 [ 0.05, 0.37 ]

Muskett 1986 3/30 40/45 0.9 0.04 [ 0.02, 0.10 ]

NASCET 1998 18/104 560/1310 4.8 0.35 [ 0.23, 0.52 ]

Ombrellaro 1996 60/140 54/126 3.4 1.00 [ 0.62, 1.62 ]

Palmer 1989 33/184 37/37 1.4 0.02 [ 0.01, 0.05 ]

Quigley 2000 5/114 71/71 2.2 0.02 [ 0.01, 0.04 ]

Reina 1998 14/116 136/188 3.7 0.09 [ 0.06, 0.14 ]

Rignano 1999 8/76 16/169 1.0 1.13 [ 0.45, 2.80 ]

Schwartz 1988 22/155 147/169 4.2 0.05 [ 0.04, 0.08 ]

Shah 1994 46/654 120/219 5.2 0.05 [ 0.03, 0.07 ]

Stone 2000 19/67 49/61 1.7 0.13 [ 0.06, 0.25 ]

Stoughton 1998 21/150 48/58 1.9 0.05 [ 0.02, 0.09 ]

Taylor 1999 120/140 617/1152 6.3 3.71 [ 2.60, 5.29 ]
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Study Local General Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N 95% CI (%) 95% CI

Wellman 1998 6/96 18/121 1.1 0.42 [ 0.18, 0.98 ]

Total (95% CI) 7697 8153 100.0 0.11 [ 0.10, 0.12 ]

Total events: 1022 (Local), 4037 (General)

Test for heterogeneity chi-square=1443.47 df=27 p=<0.0001 I² =98.1%

Test for overall effect z=48.56 p<0.00001
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