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Abstract

Ischaemic stroke represents a major health hazard in the western world, which has a severe impact on society and the health-care
system. Roughly, 10% of all first ischaemic strokes can be attributed to significant atherosclerotic disease of the carotid arteries. Correct
management of these lesions is essential in the prevention and treatment of carotid disease-related ischaemic events. The close rela-
tionship between diagnosis and medical and surgical management makes it necessary that all involved physicians and surgeons have
profound knowledge of management strategies beyond their specific speciality. Continuous improvement in pharmacological therapy
and operative techniques as well as frequently changing guidelines represent a constant challenge for the individual health-care profes-
sional. This review gives a thorough outline of the up-to-date evidence-based management of carotid artery disease and discusses its

current controversies.
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INTRODUCTION

Acute ischaemic stroke is the most common cause of acute
neurological injury in the western world. It represents a major
health hazard. Presentations are associated with a risk of death
of between 20 and 30% [1]. The socioeconomic consequences
are considerable and the annual estimated stroke-related costs
are approximately €22 billion in Europe alone [2].

Atherosclerosis of the supra-aortic vessels accounts for up to
18% [3] of all strokes, although this includes intracranial disease.
In the Northern Manhattan Study, it was found that approxi-
mately 7% of all first ischaemic strokes are associated with a cor-
responding carotid stenosis of >60% [4]. The careful, precise,
evidence-based management of these lesions has the potential to
significantly reduce the incidence of stroke (and restroke) and,
therefore, stroke-related disability, death and expense. Fortunately,
the management of these lesions has been the subject of good-
quality medical research.

In all cases, the optimal management of carotid artery stenosis
requires the use of medications to control the processes that
cause atheroma as well as antiplatelet agents to reduce the risk of
embolic events (so-called ‘best medical therapy’ [BMT]). In some,
direct mechanical management of the carotid plaque (carotid
endarterectomy [CEA] or carotid stenting [CAS]) has a supplemen-
tary role.

This review aims to outline the current recommendations con-
cerning the management of carotid artery disease (CAD) and its
evidence-base (Table 1).

DEFINITIONS
Symptomatic vs asymptomatic

Patients with carotid artery stenosis may be identified after an
index neurological event, or without warning symptoms. The
latter group may be identified by general health screenings in
the private sector, during preparation for other major surgery
(for example, coronary artery bypass) or during investigation of
an incidentally discovered carotid bruit.

By convention, the mainstream literature categorizes patients
in the former group as ‘symptomatic’ if the stenosis is identified
(and treated) within a set time of the presenting neurological
event. This interval is variably stated as 6 or 3 months, or some-
times 2 weeks. Patients who have never had neurological symp-
toms, and those whose definitive treatment takes place later
than the time frames above, are categorized as ‘asymptomatic’.
Although this distinction may seem arbitrary, it is important.
There is good evidence that the natural history risk of stroke and
restroke is distinct for each category, and this is critical in making
appropriate use of the balance of risks in deciding the place of
surgical treatment strategies.

Transient ischaemic attack, stroke, amaurosis
fugax

‘Transient ischaemic attacks’ (TIAs) are defined as a syndrome of
acute neurological dysfunction referable to the distribution of a
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Table 1: In a nutshell

All patients with diagnosed carotid artery atherosclerotic disease
should be on an antiplatlet agent and a statin (regardless of serum
cholesterol levels)

Only patients with a transient ischaemic attack, stroke or amaurosis
fugax within the last 6 months on the isilateral side of the stenosis
are considered symptomatic

Asymptomatic carotid disease <70% should be treated with BMT

Male patients with asymptomatic carotid disease of <75 years and
>70% should be offered surgery

Female patients with asymptomatic carotid disease >70% should only
be offered surgery if very young and fit

All patients with symptomatic carotid disease <50% should receive
BMT

All patients with symptomatic carotid disease >50% should have
surgery

Carotid artery endarterectomy is the treatment of choice

Carotid artery stenting should only be offered to symptomatic
patients, which are high risk for open surgery

The main benefit of surgery in symptomatic patients lies within the
first 14 days of symptom onset

single brain artery and characterized by symptoms that last for
<24 h [5]. The symptom duration of 24 h to 7 days is defined as
‘transient stroke’ and symptoms that persist for 7 days or more
as ‘stroke’.

Amaurosis fugax is a sudden, transient monocular visual loss.
It is painless and persists for <60 min (often much shorter). The
clinical history is typical, with most patients describing a curtain
or waterfall ascending or descending to obscure all or part of
the visual field in one eye. Full visual capacity is usually recov-
ered [6]. Occasionally, patients will suffer permanent total or
partial monocular blindness. It is not uncommon for high-street
optometrists to identify cholesterol emboli in the retinas of
asymptomatic patients.

Retinal symptoms of all types are thought to have a less-
sinister prognosis in terms of subsequent stroke than hemispheric
symptoms [7] but are significantly more associated with ipsilateral
carotid disease than with atrial fibrillation [8].

Best medical therapy

This review is restricted to the management of atheroma-based
events and consequently does not consider the use of formal
anticoagulation for non-carotid-origin cerebral emboli, or the
medical management of non-atheroma carotid-origin stroke
such as carotid dissection and aneurysm.

In the context of carotid artery stenosis, BMT constitutes the
medical management of the major atheroma risk factors (stopping
smoking and the optimal control of hypertension, hyperlipidaemia
and diabetes), together with the use of antiplatelet agents.

DIAGNOSTIC TECHNIQUES

The ‘gold standard’ for diagnosing carotid disease still is two-
plane angiography. Since this is an invasive method, other non-
invasive modalities are gaining more importance. With the rapid
technical advancements, duplex ultrasound has become the first-
line method for the diagnosis of CAD. As it has a very high sensi-
tivity and specificity, the presence of significant artheriosclerotic
disease can be diagnosed on this modality alone. In fact, some

surgeons are willing to act on duplex ultrasound findings alone.
However, as there is strong operator dependence, a small but
definite margin for error as well as a non-diagnostic rate (in tor-
tuous or heavily calcified vessels, in the presence of stents, high
bifurcations or patient intolerance), other surgeons prefer con-
firmatory investigations like computed tomographic angiography
or magnetic resonance angiography.

There is a room for considerable confusion here: the two
major randomized controlled trials (RCTs), North American
Symptomatic Carotid Endarterectomy Trial (NASCET) [9] and
European Carotid Surgery Trial (ECST) [10], which examined the
management of symptomatic carotid stenosis used two-plane
angiography as tool for the assessment of the stenosis degree. The
correlation between the results of these investigations and the
method used in the trials is open to interpretation. In the specific
case of Duplex ultrasound, the stenosis is largely graded on the
basis of flow velocity across the suspected stenosis, and these
measurements are correlated with angiographic appearances [11].

To make matters worse, the major trials each used different
methods in calculating stenosis based on the angiographic ap-
pearance. While the Americans use the ratio between the
minimal internal carotid artery (ICA) diameter and the normal
ICA diameter to calculate the percentage of stenosis, the
Europeans use the ratio between the minimal ICA diameter and
the diameter of the carotid bulb. Thus, a 50% NASCET stenosis is
roughly equivalent to a 70% stenosis using ECST criteria.

It is essential that there is a consensus about which measure-
ment criteria are used. To avoid confusion, the Joint Working
Group of the Vascular Society of Great Britain and Ireland and
the Society of Vascular Technologists [12] as well as the
European Society for Vascular Surgery (ESVS) guidelines recom-
mend the use of the NASCET criteria. In terms of ultrasound, the
correlations between velocities and stenosis grades are as
follows:

A 50-69% stenosis is defined as visible plaque with associated
peak systolic velocities of 125-230 cm/s. Additional criteria
include end-diastolic velocities of 40-100 cm/s as well as an
internal to the common carotid artery peak systolic velocity
ratio between 2 and 4.

Stenoses >70% have peak systolic velocities >230 cm/s, a ratio >4
and end-diastolic velocities >100 cm/s.

It should be noted that Duplex produces results in bands of
stenosis, rather than specific percentage.

All stenosis grading referred to in this article therefore follow
these recommendations.

BEST MEDICAL THERAPY-THE MINIMUM
BASELINE

Antiplatelet therapy

The use of low-dose aspirin is well established in the prevention
of stroke. The usual prescribed dose is 75-150 mg daily [13]. In
fact, aspirin has been used routinely in all trials concerning the
management of CAD, although in varying dosages.

The two largest clinical trials that investigated aspirin in the
acute setting (Chinese Acute Stroke Trial and The International
Stroke Trial) showed it to be effective in a dosage of 160-300
mg with a number to treat of 111 to prevent one stroke or
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death. The number needed to transform an initial ischaemic
stroke into an haemorrhagic one was 500 [14].

Additional established antiplatelet strategies include the use of
dipyrimadole and clopidogrel, alone or in various combinations.
There is no current evidence supporting the use of dipyrimadole
in primary prevention, but there is evidence for its use in com-
bination with aspirin in the acute setting and for secondary pre-
vention of stroke [15]. Unfortunately, dipyrimadole is frequently
poorly tolerated. The value of clopidogrel as a combination drug
is controversial: while the CAPRIE trial showed the superiority of
treatment with clopidogrel alone by comparison with aspirin in
the prevention of ischaemic events [16] (at an additional cost of
circa $900 per patient per year), the MATCH study failed to
show any additional benefit for the combination of both drugs
in this setting [17].

Statins

The Heart Protection Study Collaborative Group completed a
large RCT that showed simvastatin to be beneficial in the pre-
vention of cardiovascular events including stroke. They investi-
gated in excess of 20 000 individuals with known cardiac disease,
diabetes and/or peripheral vascular disease [18]. Interestingly,
the protective effect of statin use exists irrespective of the pres-
ence or absence of hypercholesterolemia. Recent meta-analyses
have supported the case for the use of simvastatin [19] showing
a relative stroke risk reduction of 19%. Data suggest that statins
are even effective in patients who simply have cardiac risk
factors opposed to already-established disease [20]. Other RCTs
have studied the potential benefits of atrovastatin [21] and rosu-
vastatin [22] also with good results. A meta-analysis about the ef-
ficacy of statins from 2011 showed rosuvastatin and atrovastatin
to be the most effective in lowering low-density lipoprotein-C,
but failed to associate this finding with clinical superiority in car-
diovascular risk reduction [23]. This suggests that the choice of
statin may still be left to the treating physician.

Fibrates, although they reduce the relative risk of coronary
incidents, do not play a role in the prevention of stroke [24].

Blood pressure control

Hypertension is a major risk factor for stroke and it has been
postulated that the stroke risk for each 10 mmHg increase in
blood pressure will increase by 30-45% [25]. Angiotensin-
converting enzyme inhibitors, especially in combination with a
thiazide diuretic, are the first-choice agents. They have been
proven to be superior to betablockers in large RCTs [26, 27], in
stroke prevention and to be particularly beneficial in diabetics
[28]. Additionally, there are data that suggest an increased risk of
stroke for elderly patients on betablocker therapy [29].

Diabetes control

The correlation between diabetes and microvascular disease has
been well established. Although a direct effect on macrovascular
disease, including strokes, has not been proven, it is widely
accepted that tight glycaemic control should be achieved [30].

Life-style

Although level | evidence is lacking, large epidemiological
studies show an increased risk of stroke by 25-50% in smokers
[37]. There is no debate: smokers should be strongly advised to
stop the habit. Regular exercise is to be encouraged as it has
been suggested that individuals engaging in regular physical ac-
tivity have a lower risk of stroke [32]. Metabolic syndrome and
abdominal obesity are both linked to atherosclerosis and stroke
[33]. Dietary advice should be offered to all patients.

THE DECISION TREE IN MANAGEMENT OF
CAROTID DISEASE

In 2008, both the European Society for Vascular Surgery (ESVS)
and its trans-Atlantic counterpart, the Society for Vascular
Surgery (SVS) issued updated guidelines on the management of
carotid disease [34, 35]. These take into consideration the current
literature and their recommendations are graded according to
the levels of evidence (Fig. 1).

DIRECT PLAQUE MANAGEMENT-CAROTID
ENDARTERECTOMY/CAROTID STENTING

Who should be offered CEA or CAS, when and
which one?

Who and when?

Symptomatic carotid disease. A large American and European
trial was conducted to investigate the benefit of surgery for
symptomatic carotid disease.

Between them, the ECST [10] and NASCET [9] looked at a
patient group of in excess of 5800 cases. Each demonstrated a
mild to moderate benefit for CEA vs medical management in
patients with a 50-69% stenosis (5-year stroke risk; 15.7 vs 22.2%
NASCET and marginal difference in ECST) and a high benefit
with a stenosis of 70% or greater (2-year stroke risk; 9 vs 26%
NASCET and 6.8 vs 20.6% ECST).

Post hoc analysis has shown that timing is essential. An analysis
of the combined data shows that treatment within 14 days of
the onset of ischaemic symptoms is most effective in reducing
the incidence of restroke. In the subset of patients treated within

Figure 1: Decision tree for carotid disease (NASCET criteria).
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this time frame, the number to treat to prevent an ipsilateral
stroke was 5, but this deteriorates to 125 for patients treated >12
weeks after initial symptom onset. The reason is thought to be
linked with the morphology/biology of the atheromatous
plaque. Initial symptom onset is assumed to originate in plaque
rupture. The ruptured plaque then acquires an initially unstable
thrombotic cap, which ultimately becomes organized, stable and
less prone to embolization. Consequently, both vascular societies
recommend CEA for symptomatic carotid disease with a stenosis
>50% using the NASCAT criteria. The aim should be to provide
the service within 14 days of symptom onset, and urgent investi-
gation and referral to the relevant specialities are crucial. To op-
timize stroke management, the 2008 guidelines of the National
Institute for Health and Clinical Excellence recommend that all
patients with suspected stroke should be admitted directly to an
acute stroke unit [36]. While in 2004, only 46% of all stroke
patients were admitted to specialized units, this figure improved
to 74% in the 2008 UK national audit data. There is also a strong
desire by the UK vascular surgeons to establish and provide a
rapid access, single-stop TIA clinic service [37].

Asymptomatic carotid disease. Asymptomatic carotid disease
was investigated in two major RCTSs.

The Asymptomatic Carotid Surgery Trial (ACST) [38] compared
CEA to the medical management of 3120 patients with asymp-
tomatic carotid disease. It found the 5-year risk of overall stroke
to be significantly lower in patients with high-grade stenosis and
receiving CEA than in similar patients who did not undergo the
surgery (6.4 vs 11.8%). These data include a 3% perioperative
stroke risk. The benefit is pertinent in patients younger than 75
years of age with a carotid diameter reduction of 70% or more.

The North American Asymptomatic Carotid Atherosclerosis
Study [39] randomized >4500 patients. It concluded that the ag-
gregate stroke risk for patients who received BMT and also
undergoing surgery was 5.1 compared with 11% in patients who
were only treated medically.

Both trials showed statistically significant crossover in the inci-
dence of stroke over time. Those patients having CEA had an ini-
tially greater risk of stroke as a consequence of the operative
hazard, but the number of additional strokes over time after
surgery was relatively flat in this group. By contradistinction,
patients who were not offered surgery showed a greater ten-
dency to stroke over time. The longer the time between recogni-
tion of stenosis and the end of observation, the more dramatic
the difference in stroke risk becomes. Therefore, the life-benefit
of surgery is greater for those with long life expectancies (the
younger patients) than those with short ones.

As enlarged upon below, post hoc analysis separating the out-
comes according to genders shows that these benefits only
achieve statistical significance in women 3 years after surgery.

In consequence, the current ESVS recommendation is that
CEA should be offered to all male patients younger than 75
years with an asymptomatic carotid stenosis of >70% (NASCET).
The Americans are slightly more aggressive and offer CEA for
male patients with a stenosis >60% (NASCET). CEA in asymptom-
atic women should be restricted to young, fit patients.

Men and women: different gender, different outcome. Naylor,
a regular British author on the subject, makes a powerful case in
emphasizing the importance of gender on relative stroke risk
[40]. In the case of symptomatic patients with carotid stenosis,
men and women both benefit from CEA within the 14 days of
symptom onset. Women are at particularly high risk of stroke

within 2 weeks of initial onset, which settles thereafter, while
men show a much flatter risk profile. Thus, the number of
strokes prevented in men is more than that in women. One
thousand CEAs performed in symptomatic men, within 2 weeks
of symptom onset, will prevent in excess of 400 strokes over 5
years. Even at 4 weeks, a CEA in this patient group prevents 66
strokes over 5 years.

For women, 138 strokes are prevented over 5 years if the op-
eration was performed within 2 weeks after symptom onset.
Surgery performed outside of this timeframe shows no
stroke-reduction benefit [41]

CEA or CAS? In recent years, endovascular treatment for
atheromatous disease has gained attention and is evolving
rapidly. CAS has been introduced and was hailed as the future in
carotid intervention. However, as most recent large multicenter
RCTs have ended with moderate to non-favourable results, this
enthusiasm has waned considerably. The guidelines produced by
the Society for Vascular Surgery (SVS) and the European Society
for Vascular Surgery (ESVS) both indicate that, for symptomatic
patients, open surgery remains the best option.

Numerous trials have been performed. The Carotid and
Vertebral Artery Transluminal Angioplasty Study (CAVATAS) [42]
suggested similar results in terms of stroke and mortality risks
between CEA and CAS. The stent-supported percutaneous
angioplasty of the carotid artery vs endarterectomy (SPACE) [43]
trial showed a trend towards better results with CEA, while the
endarterectomy vs angioplasty in patients with severe
symptomatic carotid stenosis (EVA-3S) [44] trial was abandoned
because of high stroke and death rates in the CAS group.

The stenting and angioplasty with protection in patients at
high risk for endarterectomy investigators trial (SAPPHIRE) [45]
specifically enrolled patients who were considered high risk for
open surgery. It found the incidence for adverse effect similar for
CAS and CEA in symptomatic patients. In asymptomatic patients, a
lower incidence of adverse effects was reported for CAS. However,
the trial has been criticized for the inclusion of a majority of
asymptomatic patients. On this basis, it is thought to be vulnerable
to selection bias. Another point of criticism was that asymptomatic
enzyme leakage was counted as myocardial infarction.

On these grounds, the ESVS recommends CAS only in high-
risk (Table 2) patients for open surgery. The American guidelines
were even more conservative regarding CAS and saw it as an al-
ternative only to open surgery in high-risk patients. They rated
the level of evidence for this suggestion as having low quality.

Both societies are united in the opinion that CAS is not indi-
cated in asymptomatic carotid stenosis.

Since the publication of the guidelines in 2008, two more large
carotid stenting trials have been published. The International

Table 2: High-risk criteria for open carotid surgery

Recent myocardial infarction

Requirement for open heart surgery within 6 weeks

Unstable angina

Congestive heart failure (New York Heart Association 11/I1V)

Severe pulmonary disease

Previous CEA, contralateral laryngeal nerve pulse, radical neck
dissection or cervical irradiation
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Carotid Investigators Stenting Study (ICSS) [46] also showed CEA
superior to CAS in symptomatic patients in terms of stroke and
death rate in patients >70 years of age. The carotid revascularisa-
tion endarterectomy vs stenting trial (CREST) [47] found the out-
comes in terms of major complications similar for CEA and CAS in
symptomatic and asymptomatic patients. This made a big impact
on the discussion resulting in various interest groups pushing
harder for a more widespread indication for CAS. It is noteworthy
that the test results are discussed controversially in the commu-
nity. The main point of criticism is that myocardial infarction
(which also included asymptomatic enzyme leakage) is considered
an equal major complication compared with stroke, despite the
unfavourable outcome in terms of rehabilitation and survival after
stroke [48]. However, in the latest inter-speciality guidelines of the
American colleges published in 2011, it is conceded that the
CREST trial suggests CAS to be a reasonable alternative to CEA, al-
though it is recognized that CEA still seems to be the safer treat-
ment method, particularly in the elderly [49].

Interestingly, the American Society of Vascular Surgery only
recently published an update on their guidelines in which they
leave the liberal recommendations for CAS and return to their
former position [50]. In view of this development, Kakisis et al.
[51] reviewed the European guidelines and came to the conclu-
sion that they still conform to the latest evidence.

TECHNICAL CONSIDERATIONS CEA AND CAS
Carotid endarterectomy—the controversies

Anaesthesia. CEA can be performed under local (LA) or
general anaesthesia (GA). The GALA trial [52] (GA vs LA), a large
randomized trial involving 3526 patients from 95 centres in 24
countries, demonstrated that there is no significant difference in
perioperative myocardial infarction, stroke or death rate
between patients having either modality. The current guidelines
of the European Society for Vascular Surgery (ESVS) recommend
therefore that the mode of anaesthesia should be determined at
the discretion of the surgeon, anaesthetist and patient.

Patch vs no patch. Traditional CEA is performed via a
longitudinal arteriotomy after cross-clamping. The plaque is then
endarterectomised and the incision closed by stitching in a
patch. Several materials are available for this, ranging from the
autologous vein to the bovine pericardium and various fabrics.
The differences in outcome between all of these materials are
small. The current ESVS consensus is to leave the choice of
material to the surgeon’s preference.

As an alternative to patch closure, the arteriotomy can be
closed via direct suture repair of the arterial wall. This is a less
time-consuming, but more technically demanding technique,
which risks suture-line stenosis (and thus thrombosis and stroke).
Additionally, there is some evidence [53] that patch angioplasty
offers lesser restenosis and perioperative occlusion rates as well
as a trend towards fewer non-occlusion-related strokes.

Standard vs eversion endarterectomy. Instead of the classic
longitudinal incision, an eversion CEA can be performed. This
employs an oblique amputation of the ICA at its origin, eversion
of the adventitia, peeling the plaque out and finally reimplanting
the ICA. Although a recent Cochrane review [54] suggests a
lesser risk of stroke for the eversion technique, the quality of the
existing studies is poor. At present, the decision on the surgical

technique should depend on the expertise of the surgeon with
each technique and technical considerations such at the length
of the plaque and the height of the carotid bifurcation.

Shunt vs no shunt. In an attempt to reduce the risk of stroke
occurring during the period of carotid cross-clamp, it is possible
to maintain cerebral blood flow using a temporary shunt. These
are plastic tubes placed to conduct blood from the common
carotid artery into the ICA. Various styles and calibres are
available, and there is some experimental research that
demonstrates the relative efficiencies of each. However, there is
no clinical trial evidence to support the mandatory or selective
use of these devices. Many surgeons use them routinely, while
others elect to do so depending on various (mainly unproven)
estimates of cerebral ischaemic distress. Data from the ECST [55]
showed neither advantages nor disadvantages for routine
shunting. This is another technical area best left to the surgeon’s
discretion.

Maintaining good practice: case volume. To achieve the
best possible outcomes, it has been suggested that a minimum
number of procedures should be carried out by each centre. An
analysis of the English Hospital Episode Statistics suggested that a
minimum of 35 CEAs should be performed in each centre to
maintain best surgical practice [56]. However, neither the American
nor the European guidelines contain a recommendation for a
minimum caseload.

THE SPECIAL CASE
Carotid artery occlusion

When the ICA is occluded, there is no risk of further distal em-
bolization. Therefore, reconstructive surgery is unnecessary.

Carotid artery near occlusions with remaining
trickle flow

Trickle flow describes the situation in which a stenosis is so
severe, that the post-stenotic flow velocities actually show a sig-
nificant drop instead of an increase. Subanalysis of the ECST
patients has shown that near occlusions with remaining low-
velocity blood flow beyond the stenosis do not benefit from
surgery and should be treated medically. It is postulated that the
contralateral high flow with ipsilateral low poststenotic flow acts
protectively [57].

Carotid artery stenosis in patients requiring
cardiac surgery

Cardiac surgery is associated with embolic stroke. While the ma-
jority of these episodes are thought to be the consequence of
ascending and arch aortic disease (emboli dislodged during can-
nulation or other instrumentation) or pump-related particulate
matter, the co-existence of high-grade carotid disease may raise
this risk. However, there is a paucity of evidence and it is not
possible to offer an evidence-based recommendation in the
management of carotid disease in this setting [58].

-
e
£
w
I
q
w
e
=
s
wv




344 J.C. Ritter and M.R. Tyrrell / Interactive CardioVascular and Thoracic Surgery

In the instance of symptomatic carotid disease and an urgent
need for coronary bypass, it is common for patients to be
offered either precoronary carotid surgery (usually under LA), or
combined carotid and cardiac surgery. The case of asymptomatic
critical carotid stenosis in precardiac bypass patients is even
more contentious. Level | evidence is lacking, with some studies
suggesting no benefit [59], while others do report preferable out-
comes for combined treatment [60]. At present, a large RCT is
recruiting patients with asymptomatic carotid disease to
compare synchronous CEA and open heart bypass with isolated
open heart bypass alone [61]. The matter is even further compli-
cated by the discussion whether staged or simultaneous proce-
dures are preferable and the recent rise of CAS as an alternative
to CEA.

However, the American Heart Association recommends CEA
for patients with asymptomatic unilateral stenosis of greater 80%
(NASCET) [62].

Carotid stump syndrome

This describes the situation when the ICA is occluded, but the
patient continues to suffer from symptoms concomitant with
microembolization. If other causes are excluded, surgical treat-
ment is usually advised in the form of oversutering the distal ICA
[63]. Endovascular treatment has been described, but has not
gained significant acceptance in this setting yet.

Four vessel disease and cerebral global
malperfusion

The impairment of all four vessels supplying the brain with con-
secutive generalized symptoms of cerebral malperfusion is a
rare, but serious condition. Particularly in the Asian population,
this scenario is mostly associated with autoimmune disease (i.e.
Takayasu's arteriitis) of the arteries, but can also occur in athero-
sclerotic patients [64]. Here, it is often found in patients with
underlying clotting disorders. Surgery is generally possible, but
requires an extensive work-up and an individually tailored
approach.

CAROTID ARTERY STENTING-THE
CONTROVERSIES

Learning curve/maintaining good practice

One point of criticism that was used against unfavourable out-
comes in the large CAS trials was the relative inexperience in
CAS of recruiting centres. In fact, the learning curve in CAS
seems to be extremely steep. A systematic review from 2010
came to the conclusion that centres introducing CAS may take
up to 2 years before they reach acceptable stroke rates of <5%
[65]. Similar to CEA, a minimum caseload per proceduralist to
achieve the best possible outcome is discussed. Although there
is consensus that high-volume operators generate better out-
comes, the definition of ‘high volume’ is arbitrary and varies
from study to study [66, 67].

The use of protection devices

Embolization during stent deployment is a major source of
concern. To minimise this risk, various ‘embolic protection
devices' (EPDs) have been introduced to ‘catch’ embolic material
during stent deployment. They function as a form of umbrella or
filter, which is placed distal to the stenosis. After stent deploy-
ment, the EPD is then retrieved, capturing all potential debris.
This strategy has been found to be beneficial and is associated
with a reduction of the stroke/death risk from 6.2 to 2.8% [68].

Recently, the concept of ‘reversed flow' has been introduced.
The intention is that a special deployment system occludes the
common and external carotid arteries, ensuring reversed (cranio-
caudal) ICA flow. In this scenario, potential debris is flushed into
the bulbus area and not into the cerebral circulation. However,
there are no large trials examining this strategy to date.

Balloon-expandable vs self-expanding stents

Generally, self-expanding stents are used as they produce less
radial force than balloon-expandable ones. The former are made
of Nitinol, which has two interesting properties: it has ‘thermal
memory’ (in this setting, expanding to a preferred size at body
temperature) and it is relatively soft so it will adapt to the shape
of the artery. It is thought that the gentler radial force results in
a lower risk of dissection in fragile arteries, in addition to less
debris dislodgement, even if additional ballooning of the stent is
necessary. The second property allows the use of Nitinol stents
in curved arterial segments.

All stents used are bare metal stents. The cell design (open vs
closed) of the stent does not seem to influence the outcome
[69]. There is no role for covered stents in CAS at present,
neither is there experience with drug-eluting stents for this
indication.

Hostile vessel anatomy

There are certain anatomical situations that should be consid-
ered when planning a patient for CAS. Steep angles between the
internal and common carotid arteries and extreme vessel tortu-
osity risk functional stenosis due to kinking of the artery in the
transition zone between the stent and native vessel.

Also, high-grade stenosis with heavily calcified plaque may be
unfavourable as these lesions require high balloon pressures to
achieve an acceptable post-procedural calibre. High balloon
pressures carry an increased risk of unintended damage to the
vessel, particularly ICA dissection. Steep or heavily calcified
aortic arches make device handling difficult and carry an add-
itional risk of embolisation.

In these cases, CEA may be the technique of choice.

Periprocedural antiplatelet therapy

Despite the findings of the MATCH study [17], which demon-
strated no additional benefit, but increased bleeding complica-
tions in the prevention of stroke for the combination of aspirin
and clopidogrel compared with coplidogrel alone, current
opinion today is that CAS patients should be on dual antiplatelet
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therapy prior and post-procedural [70]. This is mainly based on
the findings of the CARESS study that showed a significant re-
duction in microemboli [71]. There is no evidence on the
required length for dual antiplatelet therapy, but general consen-
sus is a minimum of 4 weeks, with potential benefits of pro-
longed treatment [72].

OUTLOOK

There are several trials currently in progress that could influence
common vascular surgical practice depending on their outcomes.

Two major ongoing trials re-examining the role of CAS com-
pared with CEA in asymptomatic patients are: the ACST-2 and
the Asymptomatic Carotid Stenosis Stenting vs Endarterectomy
Trial. Additionally, there have been suggestions that given recent
improvements in the pharmacotherapy of atheromatous disease,
the standardised BMT may be producing lower risks of stroke
than was the case at the time of previous trials. The transatlantic
asymptomatic carotid intervention trial will investigate current
BMT in combination with CEA or CAS compared with BMT
alone in patients with asymptomatic carotid disease. The SPACE
2 study will test a similar hypothesis.

Conflict of interest: none declared.
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