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1. Introduction 

Carotid endarterctomy (CEA) is still remain a good therapeutic modality for carotid artery 

disase in some medical centers if these centers do not have any endovascular surgical 

options. CEA may reduce the risk of possible neurological deficits, but has some surgical 

complications. Benefit in patients with stroke and to decline progressively in patients with 

cerebral TIA and retinal events in both the 50% to 69% and 70% to 99% stenosis groups, and 

also showed a trend towards greater benefit in patients with irregular plaque than a smooth 

plaque in both stenosis groups.This chapter summarises the CEA as a surgical therapy and 

its components. 

2. Indications 

In patients with 70% to 90% diameter reduction of an ipsilateral internal carotid artery 

measured on a conventional biplane angiogram, ipsilateral to either focal hemispheric 

symptoms (transient ischemic attack [TIA] or small stroke) or amaurosis fugax, surgically 

treated by CEA(1) 

There have been five randomised controlled trials of endarterectomy in patients with a 

recent symptomatic carotid stenosis. CEA is of some benefit for 50% to 69% symptomatic 

stenosis and highly beneficial for 70% to 99% stenosis without near occlusion.(Fig.1) 

Benefit from endarterectomy depends not only on the degree of carotid stenosis, but also 

on several other factors, including the delay to surgery after the presenting event(2).  

For 70% stenosis (excluding near occlusion) absolute risk reduction (ARR) of 16% over  

5 years (number needed to treat 6.3); 50% to 69% stenosis ARR of 4.6% over 5 years 

(number needed to treat_22); near occlusion, ARR of 5.6% over 2 years (p= 0.19) but 1.7% 

over 5 years (p=0.9); and CEA is not appropriate for symptomatic patients with 49% 

stenosis(13). 

3. Diagnosis 

Carotid angiogram is still “gold standard” for measuring the degree of carotid stenosis. 

Nowadays, computed tomography angiography (CTA) is more common used to visualize 

carotid arteries. Doppler ultrasonography is a helpful another noninvasive method, but it is 

not enough for desicion making of operation. 
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Fig. 1. Digital substraction Angiography of the carotid arteries 

4. Techniques for Carotid Endarterectomy 

4.1 The choice of anaesthetic 

CEA may be performed under local or general anaesthesia. Meta-analysis of the randomised 

studies showed that there was no evidence of a reduction in the odds of operative stroke or 

death (odds ratio (OR) 0.85, 95% confidence interval (CI) 0.63 to 1.16). Patients and surgeons 

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

preferences. Local anaesthesia reduces need for intraoperative shunting and as a result a 

reduction in hospital stay occurs(3)(Fig.2).  
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Fig. 2. Local anaesthesia application 

4.2 Patch or no patch? 

Choosing the method of closure of arteriotomy depends on diameter of the internal carotid 
artery(ICA). Small diameter (less than 5mm) of ICA should be closed by a native or 
nonnative tissue patch. The main issue regarding patch angioplasty is patching increases 
clamp time and infection risk. Rerkasem mentioned that a significant reduction in 
perioperative and long-term risks of ipsilateral stroke and of perioperative carotid occlusion 
and later restenosis associated with the use of patching. A policy of selective patching of 
only those arteries thought to require a patch at the time of operation compared with no 
patching has not been tested in randomized, controlled trials. These reseachers support a 
policy of routine patching, but most included trials were small and some had 
methodological shortcomings(4).There is no evidence that patch type influences stroke rate, 
mortality or arterial restenosis in any way at all(5).There is some evidence that other 
synthetic (e.g. PTFE) patches may be superior to  collagen impregnated Dacron grafts in 
terms of perioperative stroke rates and restenosis. Pseudoaneurysm formation may be more 
common after use of a vein patch compared with a synthetic patch(6). 

www.intechopen.com



 
Brain Damage – Bridging Between Basic Research and Clinics 

 

276 

4.3 Shunt desicion 

The main aim of shunting is to reduce the risk  of perioperative stroke but it could possibly 
be associated with an increased risk of restenosis and late recurrent stroke.The data on the 
use of routine shunting from randomised controlled trials were limited. There were 
promising but non-significant trends favouring a reduction in both deaths and strokes 
within 30 days of surgery with routine shunting. The data available were too limited to 
either support or refute the use of routine or selective shunting in carotid endarterectomy. It 
was suggested that large scale randomised trials between routine shunting versus selective 
shunting were required. No one method of monitoring in selective shunting has been shown 
to produce better outcomes(7).The most recent trial used stump pressure measurement and 
patients with stump pressure < 50 mmHg required shunting(8). 

4.4 Surgical technique 

Following intravenous heparinisation (5000units), vascular clamps are applied to the ICA, CCA 
and ECA respectively. A longitudinal arteriotomy is made from the CCA across the plaque and 
into the ICA beyond the stenosis. A shunt can be deployed at this stage if it is necessary.(Fig.3)  

 

 

Fig. 3. Carotid endarterectomy 
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The endarterectomy plane is entered using a dissector or clamp and it is conventional to 
divide the plaque first at the CCA aspect and then carefully mobilise it free up into the ICA 
where it is cut transversly using micro scissors to avoid leaving a flap. Sometimes an 
additional 7,0 prolene sutures could be needed to restore without a flap in the vessel wall(5). 
The “eversion” endarterectomy is an alternative technique. The origin of the ICA is 
transected and re-implanted after eversion endarterectomy of the ICA and conventional 
endarterectomy of the CCA and ECA(8).In ACST-1 3000 patients were randomised between 
medical treatment only or medical treatment and immediate surgery. CEA involved a small 
(~3%) but definite peri-procedural risk of stroke or death, a substantial (~3%vs ~12%) 
reduction in the subsequent stroke rate over the next 5 years and hence a net reduction (~6% 
vs~12%) in the overall 5-year risk of stroke or peri-procedural death. The 5-year findings of 
ACST-1 are already changing surgical practice, and long-term follow-up of stroke rates 
continues(9,10). Avoidance of patch-closure techniques particularly in thin arteries is an 
important advantage of carotid endarterectomy with anterior transverse arteriotomy(11). 

4.5 Difficult anatomy, make a desicion for CEA or CAS?  

Schneider and Kasirajan mentioned that anatomy influences decision-making in carotid 
disease management(12). Patients who have comorbidities, but complicated arterial 
anatomy, are best candidates for CEA.(Fig.4) Patients with a hostile neck are best suited to 
CAS. Patients with neck immobility, skin cancer at incision site, previous radical neck 
dissection, or a tracheostomy, can be treated with CAS. Arya et al. emphasized that CAS 30 
day stroke and death/stroke rates are statistically significantly higher compared to CEA; 
however this superiority did not reach statistical significance when RPCTs were analyzed 
alone and those results did not justify the widespread use of CAS for treatment of suitable 
carotid bifurcation disease(13).  

 

Fig. 4. An atherom plaque excised from carotid artery bifurcation 
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5. General complications of Carotid Endarterctomy 

As with all CEA’s, acute coronary syndrome(ACS) is the main problem during and after 
CEA. In addition, even clinically “silent” myocardial injury detected by enzyme (troponin) 
leak has a negative effect on both perioperative and long-term survival. Postoperative 
hypertension is an another major matter after CEA and affects 66% of patients. This 
phenomenon triggers the ACS easily and resolve spontaously 48-72 hours postoperatively. 
The annual risk of MI or nonstroke vascular death after an ischemic stroke or TIA is 2%. A 
prospective study by Kawahito et al using Holter monitoring to detect myocardial ischemia 
identified a history of angina (p= 0.001) and hypertension (p=0.020) as being independently 
associated with perioperative myocardial ischemia in patients having CEA(14). 

5.1 Neurological complications of Carotid Endarterctomy 

Neurological complications may be aline as follows; mild deficits: visual disturbances, 
dysphagia, monoparesis, moderate deficits: severe deficits: hemiplegia. High-risk group for 
neurological complications are diffuse atherosclerotic disease and by the presense of a 
previous neurologic deficit. However, reoperation carries higher perioperative stroke and 
cranial nevre injury rates than primary CEA. Major causes of postoperative ischemia are 
perioperative thrombosis and embolism, and most strokes were within 24 hours of the 
procedure, whereas 3% after 24 hours of the operation. Manupulation of the carotid arteries 
causing stroke by embolization is avoided by prior mobilization of its branches. The risk of 
postoperative stroke can be determined by postoperative Transcranial Doppler  
measurement. In a study of Abbott et al., the risk of postoperative neurological deficit was 
15 times higher in patients with clinically significant microembolism detected by TCD 
recording(15). 

Other cause of postoperative ischemia is intracerebral hemorrhagic stroke which is resulted 
from a hyperperfusion syndrome is a rare complication after CEA with range of 0.2–0.75% 
and it is a fatal outcome. A strategy to prevent intracerebral hemorrhagic stroke consists in 
close blood pressure monitoring and control and reasonable handling of anticoagulant and 
antiplatelet agents. For example; Dextran 70 and 40 have been used to prevent thrombosis 
by decreasing platelet adhesiveness. If there is a large amount of using this product this may 
cause bleeding from operation side(16). 

Postoperative evaluation of neuroligical outcome may be explained in a study Nouraei et al. 
following CEA, the distribution of saccades initiated by the cerebral hemisphere distal to the 
operated artery significantly changed in 25 patients. By contrast, there were 14 significant 
contralateral-hemisphere saccadic changes (P<.001) significantly greater postoperative 
reduction was detected in early saccades generated by the ipsilateral hemisphere than by the 
contralateral hemisphere (P<.02) CEA leads to significant hemisphere-specific subclinical 
changes in saccadic performance and, in particular, differentially affects the proportion of 
early saccades, a measure of the ability of the frontal cortex to successfully inhibit lower 
centers, generated by the 2 hemispheres. Saccadometry, a bedside test, provides data that 
can be statistically compared for individual and groups of patients. It could allow the 
neurological outcome of carotid surgery to be objectively quantified(17). 

Navin et al. 12 randomized controlled trials (RCT) enrolling 6,973 patients were included in 
a meta-analysis. Carotid artery stenting was associated with a significantly greater odds of 
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periprocedural stroke (OR 1.72, 95% CI 1.20 to 2.47) and a significantly lower odds of 
periprocedural myocardial infarction (OR 0.47, 95% CI 0.29 to 0.78) and cranial neuropathy 
(OR 0.08, 95% CI, 0.04 to 0.16). The odds of periprocedural death (OR 1.11, 95% CI 0.56 to 
2.18), target vessel restenosis (OR 1.95, 95% CI 0.63 to 6.06), and access-related hematoma 
were similar following either intervention (OR 0.60, 95% CI 0.30 to 1.21). In comparison with 
CEA, CAS was associated with a greater odds of stroke and a lower odds of myocardial 
infarction. While the results in this meta-analysis support the continued use of CEA as the 
standard of care in the treatment of carotid artery stenosis, CAS is a viable alternative in 
patients at elevated risk of cardiac complications(18). 

Chronic tissue damage may occur in a subset of individuals with 70% ICA stenosis, globally 
exhibiting more extensive WMH. Overall, the median volumetric magnetic resonance 
(WMH) volume was greater in the hemisphere ipsilateral to the stenotic ICA (1.13±2.65 vs. 
0.77±2.26 cm3; p=0.005), but there were no differences in hemispheric brain volumes 
between the stenotic and nonstenotic sides. In the subgroup of patients with moderate and 
severe WMH (n=41), the hemispheric volume ipsilateral to the stenotic ICA was 
significantly smaller (543.46±22.17 vs. 548.66±26.7 cm3; p=0.03). Multivariate linear 
regression analysis revealed an independent effect of WMH grade on interhemispheric 
volume differences relative to the side of stenosis. (19). 

Goldberg et al. evaluated the mechanisms of neurologic injury, the measurement of 

neurobehavioral outcomes, and use of neuroimaging to evaluate carotid revascularization 

outcomes. They found that neurologic injury after carotid revascularization results from 

three broad etiologies: atheroembolic, thrombotic, and hypo/hyperperfusion. Of the 47 

studies examining the effect of carotid endarterectomy on neurobehavioral functioning, 25 

found that some aspect of cognition improved, 12 revealed no change in cognition, and 10 

revealed declines in some aspect of cognition. There is a wide variation in the measurement 

of neurologic outcomes in clinical registries and trials. Future efforts to correlate 

neuroimaging with cognitive outcomes may offer insight into methods to decrease 

neurologic injury after carotid revascularization. (20) 

Chronic progressive tissue damage as another possible consequence of high-grade ICA 

stenosis, which can be detected using MRI volumetric methods for assessing volumetric 

magnetic resonance (WMH) lesion load and hemispheric brain volume differences to clarify 

if the morphologic changes observed are associated with neuropsychological deficits, and to 

investigate their relationship with regional cerebral perfusion measurements preferentially 

in a longitudinal manner(21) 

Cerebral hyperperfusion after carotid endarterectomy (CEA) impairs cognitive function and 
is often detected on cerebral blood flow (CBF) imaging. In this study 158 patients with 
ipsilateral internal carotid artery stenosis (> or = 70%) underwent CEA. Neuropsychological 
testing was performed preoperatively and at the 1st postoperative month. Cerebral blood 
flow was measured using single-photon emission computed tomography before, 
immediately after, and 3 days after surgery. Magnetic resonance imaging was performed 
before and 1 day after surgery. The incidence of postoperative cognitive impairment was 
significantly higher in patients with post-CEA hyperperfusion on CBF imaging (12 [75%] of 
16 patients) than in those without (6 [4%] of 142 patients; p<0.0001). Postoperative cognitive 
impairment developed in all 5 patients with cerebral hyperperfusion syndrome regardless 
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of the presence or absence of new lesions on MR images. Although cerebral hyperperfusion 
syndrome after CEA sometimes results in reversible brain edema visible on MR imaging, 
postoperative cerebral hyperperfusion often results in impaired cognitive function without 
structural brain damage on MR imaging(22). 

Two groups (A and B) of 15 patients each, with internal carotid backpressure >30 mmHg 
were operated and they did not use a shunt in Group A during CEA and group B was 
operated upon with a shunt. They measured gradual increase of levels of IL-1b and TXB2 
during cross-clamping and during reperfusion in group A (P<0.05). The levels of TNFa 
increased only during reperfusion (P<0.05). The concentration of IL-1b and TNFa remained 
almost stable in group B, whereas the concentration of TXB2 reduced but not significantly 
(P>0.05). The levels of PGE2 remained stable in both groups. The increase of 
proinflammatory mediators during carotid cross-clamping when no shunt is used. The 
critical concentration of these mediators that threaten the brain's vitality is not yet detected. 
However, the clinical significance of this is unclear, since there were no perioperative 
strokes(23). 

Reperfusion injury is a dangerous cituation in the critical care unit and free radicals and 
lytics toxicity may play a role as well. Patients with critical stenosis with maximally dilated 
blood vessels at baseline (optimized cerebrovascular reserve) are also at risk for 
hyperperfusion injury. Presentation may include headache, seizure, status epilepticus, 
cerebral edema, ICH, or subarachnoid hemorrhage. There was no benefit from surgery in 
the near-occlusion group in ECST where the rate of endarterectomy in the medical group 
was lower than in NASCET. Prevention with tight blood pressure control during the 
periprocedural period is as critical as management of the injury itself (24). 

A case series of Pappada et al. of 413 CEAs in 390 patients who suffered from the new onset 
of an ischaemic hemispheric deficit or the worsening of a pre-existing deficit within 72 h 
after surgery were included in this study. A major stroke after CEA is caused, in most of 
cases, by the acute ICA occlusion with or without intracerebral embolic occlusion. 
Reopening of the occluded ICA gives good results when intracerebral vessels are patent and 
when the occluded ICA is satisfactorily reopened(25).  

Diffusion-weighted imaging (DWI) has indicated that CAS is associated with a significantly 
higher burden of microemboli. This prospective study analyzed the neuropsychologic 
outcomes after revascularization in 24 CAS and 31 CEA patients with severe carotid stenosis 
compared with a control group of 27 healthy individuals. The cognitive performance was 
similar between CEA and CAS patients at all points. The new brain lesions, as detected with 
DWI after CAS or CEA, do not affect cognitive performance in a manner that is long-lasting 
or clinically relevant. Despite the higher embolic load detected by DWI, CAS is not 
associated with a greater cognitive decline than CEA(26). 

The North American Symptomatic Carotid Endarterectomy trial(NASCET), enrolled 2885 
symptomatic patients had carotid stenosis were categorized as follows: 1) low, moderate 
stenosis (<50%), 2) moderate stenosis (50-69%), and 3) severe stenosis (70-99%). Patients 
were assigned to either CEA and best medical management or best medical management 
alone. Primary stenting for the treatment of post-CEA stroke is encouraging clinical result 
may be also explained by the fact that the interval between onset of neurological symptoms 
and stent implantation(27).  
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