
ABSTRACT – Carotid endarterectomy (CEA) is of

benefit for stroke prevention in the presence of

severe carotid stenosis, provided surgical mor-

bidity and mortality are acceptably low. To assess

the current performance of CEA in the UK, an

interim analysis of 30-day postoperative outcome

data, blinded to anaesthetic allocation, from the

first 1,001 UK patients randomised in the GALA

Trial (multicentre randomised trial of general

versus local anaesthesia for CEA) took place and

the time from last symptomatic event to surgery

was recorded. The 30-day risk of stroke was 5.3%,

myocardial infarction (MI) 0.4%, death 1.7%, and

stroke, MI or death 6.4%. Median delay between

symptoms and surgery was 82 days. These risks

are similar to those reported in the large ran-

domised trials of CEA, but current delays to

surgery are excessive and must have substantially

reduced the benefit of endarterectomy. 
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Introduction

The results of large, randomised controlled trials
have established the place of carotid endarterectomy
(CEA) in the surgical treatment of severe recently
symptomatic carotid stenosis.1 More recently, the
Asymptomatic Carotid Surgery Trial (ACST)
reported modest benefit in asymptomatic carotid
disease.2 But clearly, for surgery to be of maximal
benefit, the risk of perioperative major morbidity
and mortality must be low. To reduce perioperative
complications a number of processes of care have
been assessed: intraoperative anticoagulation,3 peri-
operative antiplatelet drugs4,5 and patch angioplasty
of the endarterectomy site6 may all confer some ben-
efit. A shunt to preserve ipsilateral cerebral perfusion
during cross-clamping of the carotid arteries may
also be beneficial.7 Finally, there is some evidence,
largely from non-randomised studies, that loco-

regional anaesthesia (LA) may be associated with
fewer complications (stroke, myocardial infarction
(MI) and death) than general anaesthesia (GA).8

This last issue is being examined in the international,
multicentre General Anaesthesia versus Local Anaes-
thesia (GALA) trial. Although ongoing, this trial pro-
vides an opportunity to examine the performance of
CEA in the UK in the past five years, and specifically
to examine the risk of serious postoperative compli-
cations, and the delay from cerebrovascular symp-
toms to surgery. This report is an analysis, blinded to
type of anaesthesia, from the first 1,001 randomised
UK patients who had surgery.

Methods

Centres undertaking ≥10 CEAs per surgeon per
annum were invited to participate in the trial. When
required, training in the technique of LA surgery was
offered and surgeons performed ≥5 LA procedures
before randomising patients in the study. Patients
were excluded from the study if they or their sur-
geon/anaesthetist had a preference for a particular
anaesthetic method, were unable to cooperate with
awake neurological testing under LA, required simul-
taneous bilateral CEA, CEA in combination with
another surgical procedure (eg cardiac surgery), or
had already been included in the GALA trial.

Participating centres selected patients thought
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Table 1. Method of assessment of carotid stenosis
in the operated patients.

Imaging technique n %

Ultrasound alone 829 83

MR angiography alone 8 0.8

CT angiography alone 2 0.2

Catheter angiography alone 16 1.6

Ultrasound + MR angiography or 144 14

CT angiography or 

catheter angiography

Ultrasound + MR angiography 2 0.2

+ catheter angiography

CT = computed tomography; MR = magnetic resonance; 

n = number.



suitable for surgery, which was performed according to their
normal protocols for anticoagulation, intraoperative cerebral
monitoring, endarterectomy technique and patch angioplasty.
The method for measuring stenosis was left to the individual
centres (so ensuring that LA and GA groups were similar at
baseline at each centre and across the whole trial), but was gen-
erally performed by ultrasound (Table 1) and equivalent to the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) criteria.1 Although largely applying to anaesthetic
technique, certain broad guidelines were recommended.9 While
the GALA trial is not prescriptive in any of these processes of
care, a carotid shunt was generally only to be deployed in LA
patients if deemed necessary on the basis of awake neurological
testing.

All patients were reviewed by an independent stroke physician
about 30 days post-CEA and any surgical, neurological or cardiac
complications were reported to the trial centre. Only one event of
a particular type per patient was counted in the analyses. If a
patient had multiple events of the same type, the event included
in the analyses is the fatal one if there was one, and the first non-

fatal one for all other patients. Strokes, including retinal infarc-
tion, were defined using the usual World Health Organization
criteria of symptoms lasting at least 24 hours (transient ischaemic
attacks (TIA) <24 hours). Myocardial infarction was defined by
typical central chest pain, a rise in cardiac enzymes (not just tro-
ponin) and typical electrocardiogram (ECG) changes. All pos-
sible strokes, MIs and deaths were reviewed in the trials office
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Table 2. Patient characteristics.

All Patients

Characteristic n %

Age (years) median (IQR) 71 (66–78) NA

Sex Female 314 31

Male 687 69

Stenosis of operated 0–69* 41 4

artery (%) 70–79 278 28

80–89 306 31

90–99 376 38

Stenosis of 0–69 674 67

contralateral artery (%) 70–79 69 7

80–89 68 7

90–99 54 5

100 119 12

Unknown 17 2

Smoking Current smoker 304 30

Ex-smoker 534 53

Lifetime non-smoker 163 16

Hypertension Yes 693 69

No 308 31

Diabetes mellitus Yes 170 17

No 831 83

*There were three patients with 35% stenosis (all described as <70% on the

baseline data form). The remaining patients all had 50% stenosis or more.

IQR = interquartile range; n = number; NA = not applicable.

Table 3. Indications for carotid endarterectomy.

All Patients

Characteristic n %

Relevant cerebrovascular events

Asymptomatic carotid stenosis 134 13

Symptomatic carotid stenosis: 867 87

Carotid stroke only 231 27

Brain TIA (carotid) only 303 35

Retinal infarct only 28 3

Amaurosis fugax only 146 17

Carotid stroke and brain TIA 58 7

TIA and amaurosis fugax 56 6

Other mixture of symptoms 45 5

Last event to surgery (days) median 82 (38–143) NA

(IQR)*

*The 134 asymptomatic patients, and 1 patient with an unknown date of last

event are not included in this figure. IQR = interquartile range; n = number;

NA = not applicable; TIA = transient ischaemic attack.

Fig 1. Interval between last relevant event and carotid
endarterectomy for symptomatic patients (n=867).
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where a short summary, blinded to local or general anaesthesia,
was prepared for audit by a neurologist and cardiologist. The
severity of any stroke was assessed at about six months after the
event by the patients’ general practitioner, using the modified
Rankin scale.

Results

Between June 1999 and November 2004, 1,289 patients were
randomised. Of these, 248 were non-UK, and a further 40 were
UK patients who did not go on to have surgery. The remaining
1,001 were recruited from UK centres and operated on. Patient
characteristics and indications for surgery were typical for CEA
at the present time; patients were rather older than in the ran-
domised trials (Tables 2 and 3).4 The long period between last
symptomatic event and surgery is notable: median 82 days,
interquartile range 38–143 (Fig 1). Overall, 53 patients (5.3%,
95% confidence interval (CI) 4.1 to 6.9%) had a stroke or retinal
infarct within 30 days of surgery (Table 4). Of these, 25 (47%)
were minor (Rankin 0–2), 13 (25%) serious or disabling
(Rankin 3–5), and 15 (28%) were fatal. Sixty-four patients
(6.4%, 95% CI 5.0 to 8.1%) had a stroke, MI or died within
30 days of surgery. 

Discussion

For symptomatic carotid stenosis, the pooled analysis of indi-
vidual patient data from the European Carotid Surgery Trial
(ECST), NASCET and Veterans’ Affairs trials found a significant
benefit from CEA for patients with ≥70% stenosis, despite a com-
bined risk of perioperative stroke and death of 6.2%.1 For asymp-
tomatic carotid stenosis (≥70%) ACST demonstrated some ben-
efit from immediate surgery with a 30-day risk of stroke and
death of about 3%.2 Data from our study confirms that these
target event percentages are being met at least for symptomatic
carotid disease in the UK, while the status of surgery for asymp-
tomatic disease is less clear but our numbers as yet are small (only
10 major events). Thus, although data regarding the impact of
anaesthetic technique on outcome following carotid surgery will
not be available until after recruitment ends, it is reassuring that
the 30-day outcomes fall well within the margins of an acceptable
risk:benefit ratio for symptomatic disease. The delay between last
symptomatic event and surgery, however, is of very serious con-
cern. A further analysis of the pooled data from the ECST and
NASCET confirmed that benefit from surgery was greatest within
two weeks of the last ischaemic event: the number needed to
undergo CEA to prevent one stroke was five for patients ran-
domised within two weeks versus 125 for those randomised later
than 12 weeks.10 Such late surgery may therefore confer no
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Table 4. Thirty-day outcomes after carotid endarterectomy.

Symptomatic Asymptomatic Overall

n=867 (%) n=134 (%) n=1,001 (%)

TIA 38 (4.4) 5 (3.7) 43 (4.3)

95% CI 3.2 to 6.0% 95% CI 1.6 to 8.4% 95% CI 3.2 to 5.7%

Stroke including retinal infarct:

All 45 (5.2) 8 (6.0) 53 (5.3)

95% CI 3.9 to 6.9% 95% CI 3.1 to 11.3% 95% CI 4.1 to 6.9%

Minor (Rankin 0–2) 23 (2.7) 2 (1.5) 25 (2.5)

95% CI 1.8 to 3.9% 95% CI 0.4 to 5.3% 95% CI 1.7 to 3.7%

Serious/disabling (Rankin 3–5) 10 (1.2) 3 (2.2) 13 (1.3)

95% CI 0.6 to 2.1% 95% CI 0.8 to 6.4% 95% CI 0.8 to 2.2%

Fatal 12 (1.4) 3 (2.2) 15 (1.5)

95% CI 0.8 to 2.4% 95% CI 0.8 to 6.4% 95% CI 0.9 to 2.5%

MI 3 (0.4) 1 (0.7) 4 (0.4)

95% CI 0.1 to 1.0% 95% CI 0.1 to 4.1% 95% CI 0.2 to 1.0%

Death 13 (1.5) 4 (3.0) 17 (1.7) 

95% CI 0.9 to 2.5% 95% CI 1.2 to 7.4% 95% CI 1.1 to 2.7%

Stroke or death 51 (5.9) 9 (6.7) 60 (6.0)

95% CI 4.5 to 7.7% 95% CI 3.6 to 12.3% 95% CI 4.7 to 7.6%

Stroke/MI/death 54 (6.2) 10 (7.5) 64 (6.4)

95% CI 4.8 to 8.0% 95% CI 4.1 to 13.2% 95% CI 5.0 to 8.1%

No statistically significant differences between symptomatic and asymptomatic carotid stenosis. CI = confidence interval;

MI = myocardial infarction; n = number; TIA = transient ischaemic attack.



benefit at all, missing the early high-risk period of preventable
stroke. Patients in the UK must be assessed, investigated and
referred for surgery far more quickly if CEA is to be an effective
intervention. This will require a fundamental change in the way
that TIAs and strokes are managed in primary care, by emergency
physicians and others.

List of GALA trial collaborators

Aberdeen Royal Infirmary: P Bachoo, J Brittenden, C Counsell, R Patey,
J Read, J Reid, N Thompson; Addenbrooke’s Hospital, Cambridge: J Boyle,
D Duane, ME Gaunt, F Gilder, C Hoy, PJ Kirkpatrick, M Lindop,
P Martin, N Scurrah, CL Turner, K Varty; Arrowe Park Hospital, Wirral:
P Bapat, JA Barrett, SD Blair, R Chandrasekar, G Lawrence, G Sangster,
M Smith, M van Miert; Bath Royal United Hospital: A Avery, JS Budd,
A Chippendale, T Cook, K Gupta, S Hill, M Horrocks, X Liu, P McAteer,
J Nolan, L Shaw, A Souter; Belfast City Hospital: K Fullerton, R Hannon,
B Lee, T Muldoon, CV Soong; Blackburn Royal Infirmary: J Fenwick,
S Hardy, N Roberts, RA Salaman, D Watson; Bristol Royal Hospital:
P Lamont, F Smith; Bristol Southmead Hospital: IT Ferguson, N Koehli,
DC Mitchell, S Robinson; Countess of Chester Hospital: SK Dimitri,
P Edwards, N Ferguson, P Jameson, J Somauroo; Freeman Hospital,
Newcastle upon Tyne: D Lambert, H Rodgers; The General Infirmary at
Leeds: J Bamford, DC Berridge, AR Bodenham, J Brown, L Caldicott,
M Cross, D Dellagrammaticas, H Ford, MJ Gough, M Gough, S Homer-
Vanniasinkam, S Howell, A Lumb, AID Mavor, H McKeague, M Shah,
P Wanklyn; Guy’s and St Thomas’s Hospital, London: A Colchester,
PR Taylor, C Wood; Hereford County Hospital: EC Grocott, C Jenkins;
Huddersfield Royal Infirmary: MI Aldoori, BE Dafalla, CG Nanda Kumar;
Hull Royal Infirmary: A Abdul-Hamid, I Chetter, M Donaldson, P Ikin,
P Renwick, A Samaan, B Withington; John Radcliffe Infirmary, Oxford:
D Briley, J Collin, M Dobson, L Hands, JMT Perkins, J Sear, M Stoneham;
Norfolk and Norwich University Hospital: MP Armon, M Burrows,
B McGrath, AK Metcalf, D Wilson-Nunn; Northern General Hospital,
Sheffield: RJ Lonsdale, GS Venables; Royal Bournemouth Hospital:
W Butcher, M Clark, S Darke, R Dunnill, S Evans, M Hargreaves,
LD Wijesinghe; Royal Free Hospital, London: G Collee, G Hamilton,
P Morris-Vincent, T Peachey, M Pegg, ST Tan, A Wilson; Royal Glamorgan
General Hospital, Cardiff: R Dewar, MH Lewis, A Wagle, P Woodsford;
Royal Lancaster Infirmary: JS Abraham, M Bird, J Calvey, I Chadwick,
S Harding, T Oldham, C Till, A Vickers, P Wilson; Royal Oldham Hospital:
I Brocklehurst, M Gregory, RN Namushi, TO Oshodi, J Vassallo;
Pinderfields Hospital, Wakefield: A Al-Din, KT Ch’Ng, PJ Curley,
CD Irvine, L Loizou, A Stanners; St Mary’s Hospital, London: JH Wolfe;
Southampton General Hospital: J Frankel, GE Morris, M Phillips,
A Sansome, J Williams; Stirling Royal Infirmary: R Holdsworth, C Lang,
C Reid, W Richards, A Woods; Withington Hospital, Manchester:
CN McCollum; Worcestershire Royal Hospital: D Jenkins, I Nyamekye,
N Rose, C Studd, H Williams.

Details of funding

The GALA trial is funded by the Health Foundation, grant
reference number 2268/1979.

Ethical approval

Northern and Yorkshire Multi-centre Research Ethics Committee
reference MREC/3/3/10, date 22/04/2003.

References

1 Rothwell PM, Eliasziw M, Gutnikov SA et al. Analysis of pooled data
from the randomised controlled trials of endarterectomy for
symptomatic carotid stenosis. Lancet 2003;361:107–16.

2 Halliday A, Mansfield A, Marro J et al. Prevention of disabling and
fatal strokes by successful carotid endarterectomy in patients without
recent neurological symptoms: randomised controlled trial. Lancet
2004;363:1491–502.

3 Clagett GP, Sobel M, Jackson MR et al. Antithrombotic therapy in
peripheral arterial occlusive disease: the Seventh ACCP Conference on
Antithrombotic and Thrombolytic Therapy. Chest 2004;126:609S–26S.

4 Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis
of randomised trials of antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk patients. BMJ 2002;324:
71–86.

5 Engelter S, Lyrer P. Antiplatelet therapy for preventing stroke and
other vascular events after carotid endarterectomy. Cochrane Database
Syst Rev 2003;(3):CD001458.

6 Bond R, Rerkasem K, AbuRahma AF, Naylor AR, Rothwell PM. Patch
angioplasty versus primary closure for carotid endarterectomy.
Cochrane Database Syst Rev 2004;(2):CD000160.

7 Bond R, Rerkasem K, Counsell C et al. Routine or selective carotid
artery shunting for carotid endarterectomy and different methods of
monitoring in selective shunting. Cochrane Database Syst Rev 2002;
(2):CD000190.

8 Rerkasem K, Bond R, Rothwell PM. Local versus general anaesthesia for
carotid endarterectomy. Cochrane Database Syst Rev 2004;(2):CD000126.

9 General Anaesthesia versus Local Anaesthesia (GALA) Trial.
www.galatrial.com

10 Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP, Barnett JM.
Endarterectomy for symptomatic carotid stenosis in relation to clinical
subgroups and timing of surgery. Lancet 2004;363:915–24.

D Dellagrammaticas, S Lewis, B Colam, PM Rothwell, CP Warlow and MJ Gough

592 Clinical Medicine Vol 7 No 6 December 2007


