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SUMMARY
Background: Extracranial atherosclerotic lesions of the carotid bifurcation cause
10% to 20% of all cases of cerebral ischemia. Until now, there have been no
comprehensive evidence- and consensus-based recommendations for the management of patients with extracranial carotid stenosis in Germany and Austria.
Methods: The literature was systematically searched for pertinent publications
(1990–2011). On the basis of 182 randomized clinical trials (RCTs) and 308
systematic reviews, 30 key questions were answered and evidence-based
recommendations were issued.
Results: The prevalence of extracranial carotid stenosis is more than 5% from
age 65 onward. Men are affected twice as frequently as women. The most important diagnostic technique is Doppler- and color-coded duplex ultrasonography.
RCTs have shown that the treatment of high-grade asymptomatic carotid stenosis with carotid endarterectomy (CEA) can lower the 5-year risk of stroke from
11% to 5%. Intensive conservative treatment may lower the stroke risk still
further. Moreover, RCTs have shown that CEA for symptomatic 50% to 99% carotid stenosis lowers the 5-year stroke risk by 5% to 16%. Meta-analyses of the 13
available RCTs comparing carotid artery stenting (CAS) with CEA have shown that
CAS is associated with a 2% to 2.5% higher risk of periprocedural stroke or death
and with a 0.5% to 1% lower risk of periprocedural myocardial infarction. If no
particular surgical risk factors are present, CEA is the standard treatment for
high-grade carotid stenosis. CAS may be considered as an alternative to CEA if
the rate of procedure-related stroke or death can be kept below 3% or 6% for
asymptomatic and symptomatic stenosis, respectively.
Conclusion: Further studies are needed so that better selection criteria can be
developed for individually tailored treatment.
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therosclerotic lesions of the extracranial brainsupplying arteries cause up to 20% of all cases of
cerebral ischemia (1, e1). The prevention of cerebral
ischemia due to carotid disease is thus an important
matter. Because there is a great deal of uncertainty and
disagreement among physicians about the diagnostic
evaluation and treatment of carotid stenosis, a methodologically sound interdisciplinary guideline was
created. The purpose of the guideline is to optimize the
evidence-based, comprehensive care of patients with
extracranial carotid stenosis in Germany and Austria.

A

Methods
Participating groups and the concept of the guideline
20 different medical societies and organizations participated in the creation of this S3 guideline (eBox).
All members of the guideline group declared their
conflicts of interest in writing, employing a procedure
that is documented in the guideline report. This multidisciplinary guideline is based on evidence and consensus. Each medical society/organization had one
vote on all matters that were voted on. A 75% majority of votes was considered a consensus, and a 95%
majority was considered a strong consensus. The
main subject areas were decided upon at the initial
consensus meeting in 2005 (epidemiology, diagnostic
evaluation, treatment, follow-up care), and a consensus was then obtained on the 30 key questions that
were to be answered. A consensus was obtained on all
recommendations in two further consensus conferences and a structured Delphi process, which took
place in 2010 and 2011. The long version of the
guideline was published online in August 2012 on the
homepage of the Association of the Scientific Medical Societies in Germany (Arbeitsgemeinschaft der
wissenschaftlichen medizinischen Fachgesellschaften
e. V., AWMF) (2, 3).
Literature search, evaluation of evidence
and recommendations
In accordance with the AWMF regulatory scheme, a
systematic review was performed in the Medline,
Embase, SciSearch, NHS Economic, and Elsevier Biobase databases for pertinent articles published from 1
January 1990 to 6 December 2011. More than 20 000
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references were found, including 182 randomized,
controlled trials and 308 systematic reviews, of which
12 were Cochrane reviews. In addition, a systematic
search in the Guidelines International Network database retrieved 16 current, high-quality guidelines on
extracranial carotid stenosis and on the prevention of
cerebral ischemia (4–9, e2–e5) (Figure 1).
Three grades of recommendation (GoR) were distinguished: strong recommendation, recommendation,
and open recommendation. The hereby intended
strength of a recommendation is indicated by arrows
(Table 1). The quality of the evidence was the basis in
grading recommendations, but not necessarily the only
factor. In cases where there was a clinical consensus
despite a lack of adequate scientific evidence, the
recommendation was issued with the label “good clinical practice” (GCP).
The grading of recommendations also took account
of the harm and benefits of each intervention in question, the relevance of outcomes (trial endpoints) and
effect sizes, the external validity and consistency of
the findings, and ethical considerations.

Results
Epidemiology
More than 5% of persons over age 65 have an extracranial carotid stenosis measuring 50% or more. Men
are affected about twice as commonly as women (10,
11). According to most studies, the risk of ipsilateral
stroke rises with the degree of stenosis and is
● less than 1% per year with less than 50% stenosis,
● 1% to 5% per year with greater than 50% stenosis
(e6–e8).
Plaques that are hypoechoic on duplex ultrasonography are presumed to be associated with a higher
stroke risk than echogenic lesions (12). Moreover,
histological analyses of carotid plaques and magnetic
resonance imaging (MRI) studies have shown that the
finding of a lipid-rich, centrally necrotic plaque, a thin
or ruptured fibrotic cap, or plaque hemorrhages is associated with an elevated cerebrovascular risk (13, 14).
Overall, however, the carotid-associated stroke risk
seems to have declined over the last few years, possibly
because of improved medical primary and secondary
prevention of arteriosclerosis (15, 16).
Clinical manifestations and diagnostic evaluation
The typical manifestations of extracranial carotid stenosis include retinal ischemia, unilateral paresis, unilateral sensory disturbances, aphasia, and dysarthria. On
the other hand, dizziness, diplopia, amnesia, and headache are atypical (GCP) (Table 2). Stenosis can also be
classified as symptomatic if the imaging studies—in
particular, diffusion-weighted MRI—reveal acute or
subacute clinically silent ischemia (17).
The main ancillary diagnostic techniques are
Doppler and color-coded duplex ultrasonography, with
application of the current DEGUM criteria (↑↑). Auscultation is not suitable (↓). By international agreement,
only the distal degree of stenosis (as per the NASCET
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(27–28): 468−76

FIGURE 1

Systematic literature search in databases
(Medline, Embase, SciSearch, NHS Economics, Elsevier Biobase),
and the following publishers’ databases: Thieme, Springer, Kluwer,
Karger, LWW, www.aerzteblatt.de, and GMS)
Search terms
systematic literature search in databases
caroti? (stenosis, stenotic, obstruct?, arteriosclero?, dissect?, stent? angioplast?,
thrombarterect?, thrombendarterect?)
>20 000 articles (initial collective)
Search terms
group-specific literature search
see guideline report of the S3 guideline on the diagnosis, treatment,
and follow-up of extracranial carotid stenosis (3)
Group-specific literature search
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33 MA/SR


Diagnosis
924 articles
52 MA/SR
!"

Treatment
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Among these, there were 16 guidelines from Germany and abroad on
  
  
           
n = 16
Literature-searching procedure
GMS, German Medical Science database; LWW, Lippincott Williams & Wilkins publisher’s
database; MA, systematic review with metaanalysis; NHS, National Institute for Health
Research; RCT, randomized controlled trial; SR, systematic review; CEA, carotid endarterectomy; CAS, carotid stenting

trial criteria) should be used to quantify the degree of
stenosis (GCP, [Figure 2]) (18). Supplementary tests
include contrast-enhanced MR angiography and CT
angiography (CTA) (GCP). Digital subtraction angiography (DSA) is no longer indicated, except in special
cases (GCP).
Before any planned revascularization, symptomatic
patients should have appropriate brain imaging with
either computerized tomography (CT) or MRI. Such
imaging studies can provide important additional information for asymptomatic patients as well, e.g., the
demonstration of a clinically silent cerebral infarct
(GCP). For all patients with arteriosclerotic carotid
stenosis, the physician should obtain a full history of
vascular risk factors and of other diseases secondary to
arteriosclerosis (coronary heart disease [CHD], peripheral arterial occlusive disease [PAOD]) (GCP).
Universal screening for the presence of carotid
stenosis is not recommended (↓↓), but screening is reasonable for persons with vascular risk factors, as long
as the diagnosis of extracranial carotid stenosis would
have clinical consequences (GCP): for example, in an
otherwise healthy patient with normal life expectancy
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who is found to have a greater than 80% carotid
stenosis. Patients with known carotid stenosis should
be re-evaluated every 6 to 12 months (GCP).

TABLE 1
Grading of evidence and recommendations
Level of evidence
(LoE)

Treatment
The conservative treatment of asymptomatic and symptomatic
carotid stenosis
Only patients with a stenosis measuring at least 60%
were included in the clinical trials of carotid
endarterectomy (CEA) for asymptomatic carotid stenosis. Because a significant clinical advantage from CEA
only became evident about five years after surgery, it is
presumed that patients with an asymptomatic stenosis
measuring less than 60% would benefit more from conservative treatment (GCP), and that asymptomatic patients who are at very high cardiovascular risk would
not benefit at all from revascularization (GCP) (e9).
No RCTs are available regarding primary preventive treatment for patients with arteriosclerotic carotid
stenosis. Nonetheless, these patients are at increased
risk for vascular events, and it would be desirable for
them to undergo comprehensive risk factor modification. This includes lifestyle modifications such as
smoking cessation, normalization of body weight, and
adequate exercise, as well as medication for the treatment of arterial hypertension, lipid metabolic dis-

Grade of recommendation (GoR)

Symbol

1 (high)

strong
recommendation

↑↑
↓↓

2–3 (moderate)

recommendation

↑
↓

4–5 (low)

open recommendation

↔

None

good clinical practice
clinical consensus

GCP

orders, and diabetes mellitus, if present. Prophylactic
treatment with platelet inhibitors is of unclear benefit
for patients with asymptomatic stenosis; in men, it
lowers the rate of heart attack, but not that of stroke.
Oral anticoagulation for patients with arteriosclerotic
carotid stenosis is of no greater benefit than treatment
with acetylsalicylic acid. Intermediate- and long-term
secondary prevention corresponds to primary and secondary stroke prophylaxis, especially with respect to
risk factor modification (5, 8, e5).

TABLE 2
Important recommendations concerning the manifestations and diagnostic evaluation of carotid stenosis
The definition of asymptomatic and symptomatic carotid stenosis

GoR

LoE

The first step in distinguishing symptomatic from asymptomatic carotd stenosis consists of thorough historytaking and clinical neurological examination. This determination should be made by a neurologist with experience in the diagnosis of stroke.

GCP

–

Carotid stenosis is classified as asymptomatic if no symptoms or signs associated with carotid stenosis have
appeared in the past six months.

GCP

–

The diagnostic evaluation and further clinical follow-up of extracranial carotid stenosis

GoR

LoE

Auscultation of the carotid artery is not a suitable method of detecting carotid stenosis.

↓

2

If carotid stenosis is suspected, Dopper ultrasonography or color-coded duplex ultrasonography should be
performed by an experienced examiner (DEGUM criteria).

↑↑

1

If the degree of stenosis is in doubt, or if ultrasonography is rendered more difficult by concomitant intrathoracic or intracranial carotid disease or by hemodynamically relevant vascular lesions on the opposite side,
contrast-enhanced MR angiography is recommended, or, alternatively, CT angiography.

GCP

–

A diagnostic DSA with selective catheterization of the carotid artery should only be performed if the noninvasive studies yield no definitive conclusion and the DSA findings would have therapeutic consequences.

GCP

–

Statements about the degree of carotid stenosis should be accompanied by information about the type of
diagnostic study and the definition of stenosis that was used for quantification (preferably NASCET).

GCP

–

Should persons in high-risk groups undergo screening tests?

GoR

LoE

Routine screening for carotid stenosis should not be performed.

↓↓

1

Ultrasonographic screening is reasonable for persons with vascular risk factors. Screening should only be
performed if a positive finding would have clinical consequences.

GCP

–

What diagnostic studies are needed before surgery or endovascular intervention?

GoR

LoE

All patients with carotid stenosis should have a clinical neurological examination.

GCP

–

Symptomatic patients should undergo brain imaging of a suitable type before any planned carotid revascularization procedure. In asymptomatic patients as well, brain imaging can provide important additional information.

GCP

–

CT, computed tomography; DSA, digital subtraction angiography; DEGUM, German Society for Ultrasound in Medicine (Deutsche Gesellschaft für Ultraschall in der
Medizin); NASCET, North American Symptomatic Carotid Endarterectomy Trial; GoR, grade of recommendation; LoE, level of evidence; GCP, good clinical practice
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Operative and endovascular treatment
The indication for the invasive treatment of either
asymptomatic or symptomatic carotid stenosis should
be determined by an interdisciplinary group that includes a neurologist with experience in the diagnosis
and treatment of carotid stenosis (GCP). A neurologist
should monitor the complication rates of any carotid
revascularization procedure (GCP).
Asymptomatic carotid stenosis—Large-scale
RCTs have shown that CEA for asymptomatic carotid
stenosis measuring more than 60% has a preventive effect on stroke, as long as the perioperative complication
rate is less than 3% (Table 3) (19, e10, e11). The 5-year
risk of stroke was 5%–6% in the operative arms of
these trials, compared to ca. 11% in their conservative
arms. This corresponds to an absolute risk reduction of
5% to 6% in five years, and thus to a number needed to
treat (NNT) of 17 to 20 CEAs to prevent one stroke in
five years. It is concluded that CEA should be considered for patients with a stenosis in the 60% to 99% range
(↑↑), and that the complication rate must be held below
3% (↑↑). Men benefit more from the procedure than
women, and CEA should only be performed if the
patient has a life expectancy of at least 5 years (↑).
In the years since these trials of CEA were performed, the pharmacological treatment of arteriosclerosis has markedly improved; we may thus ask
whether their findings still apply today (20). In a recent
Canadian trial, for example, the carotid-associated risk
of stroke was lowered from about 3% per year to 1%
per year with intensive pharmacotherapy, smoking cessation, a Mediterranean diet, and exercise (21). The
nonsurgical treatment accompanying CEA includes the
administration of acetylsalicylic acid (ASA) and the
optimization of vascular risk factors with drugs and
other means (↑↑).
Carotid artery stenting (CAS) may be considered as
an alternative to CEA for patients in whom surgery
would be technically difficult or of greater than usual
risk, as long as the complication rate of CAS can be
shown to be less than 3% (↔). The number of randomized, controlled trials that have been performed to
compare CAS with CEA in asymptomatic aortic stenosis is still too low to permit any definitive conclusion
(Table 4). In view of this uncertainty and the improvements in conservative treatment, it is recommended
that patients with high-grade asymptomatic carotid stenosis should be enrolled in one of the randomized controlled trials currently in progress (e.g., SPACE-2 [22],
ACST-2 [23]) (GCP).
Symptomatic carotid stenosis—CEA is strongly
recommended for patients with symptomatic 50% to
99% carotid stenosis; the level of evidence for this is
high (↑↑) (24–27) (Table 3). The randomized controlled
trials that compared CEA and conservative treatment
for this group of patients in the 1990s showed that CEA
for 70% to 99% symptomatic carotid stenosis (clinical
manifestations: amaurosis fugax, transient ischemic
attack [TIA], and non-disabling stroke) lowered the absolute risk of stroke within five years by 16%, which

Reproduced with the kind permission of Springer Verlag from Debus S, Gross-Fengels W (eds.): Operative interventionelle Gefäßmedizin, Berlin, Heidelberg: Springer 2012
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Figure 2:
Angiographic quantifying methods for
carotid stenosis:
NASCET,
(B–A)/B × 100%;
ECST,
(C–A)/C × 100%.
The former is the
distal degree of
stenosis, the latter
is the proximal
degree of stenosis.

corresponds to an NNT of 6. The operation is beneficial
as well for patients with 50% to 69% stenoses, with an
absolute risk reduction of 4.6% (NNT 22). CEA is of no
benefit for stenoses measuring less than 50%. The prophylactic effect of CEA is long-lasting; the risk of ipsilateral stroke after the operation is less than 1% per
year (26, 27). The perioperative complication rate must
not be above 6%.
To prevent early recurrent stroke, CEA should be
performed as soon as possible after the neurological
index event (↑↑). This can lower the five-year risk of
stroke by more than 20%. Persons who are particularly
likely to benefit from CEA include (↑↑):
● Men
● Patients over age 70
● Patients with ulcerated stenoses
● Patients with inadequate collateral circulation and
recurrent symptoms.
All patients should be given ASA perioperatively
(↑↑) (28).
CAS may be considered as an alternative to CEA for
symptomatic patients in centers where the CAS-related
rate of stroke or death has been documented to be under
6% (↔). This is particularly so for patients who are at
high surgical risk (↑). CAS is also recommended for
particular subgroups of patients (GCP): those with
stenoses at surgically inaccessible sites, those with
restenosis after CEA, those with radiogenic stenosis,
and those with tandem stenoses (i.e., severe stenosis of
the ipsilateral carotid artery, either intracranial or
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TABLE 3
Important recommendations about asymptomatic and symptomatic stenosis
Asymptomatic carotid stenosis

GoR

LoE

CEA should be considered for patients with 60% to 99% asymptomatic carotid stenosis, because it lowers such
patients’ risk of stroke by a small but statistically significant amount.

↑↑

1

CEA is of benefit to patients with asymptomatic carotid stenosis only if it can be performed with a complication
rate lower than 3%..

↑↑

1

The benefit of CEA in patients with asymptomatic carotid stenosis is mainly in men and persons with a life
expectancy of at least five years.

↑

1

The value of different treatments for asymptomatic carotid stenosis (CEA, CAS, BMT) should be evaluated in
controlled trials.

GCP

-

When invasive treatment is indicated in a patient with asymptomatic carotid stenosis, CAS may be considered
as an alternative if the treating center performs this procedure with quality criteria analogous to those for CEA
and with a demonstrated complication rate under 3%.

↔

2b

In cases where treatment is indicated but CEA would present special difficulties, CAS may be considered as an
alternative in centers with a demonstrated complication rate under 3%.

↔

2b

Symptomatic carotid stenosis

GoR

LoE

CEA is recommended for patients with 70% to 99% stenosis after TIA or a non-disabling stroke.

↑↑

1a

CEA should also be considered for patients with 50% to 69% symptomatic stenosis. Men who have recently had
hemispheric symptoms (AF, TIA, stroke mRS <3) benefit most.

↑↑

1a

CEA is not recommended for less than 50% stenosis.

↓↓

1a

It is recommended that CEA should be performed as soon as possible after the index event.

↑↑

2

CEA is the method of choice for the treatment of symptomatic carotid stenosis as long as it can be performed
with normal operative risk.

↑↑

1a

CAS should be considered as an alternative to CEA for symptomatic patients with high surgical risk.

↑

2

CAS may be considered as an alternative to CEA for symptomatic patients in centers with a documented rate of
periprocedural stroke or death that is lower than 6%..

↔

2

AF, amaurosis fugax; BMT, best medical therapy; CAS, carotid stenting; CEA, carotid endarterectomy; GCP, good clinical practice; LoE, level of evidence; mRS,
modified Rankin Scale; TIA, transient ischemic attack

intrathoracic), and those with contralateral recurrent
laryngeal nerve palsy. The decision regarding the mode
of treatment should take account of patient-specific
factors such as age and individual anatomy, as well as
the patient’s preference (GCP). Further important
recommendations on the technical aspects of CEA and
CAS are listed in Table 5 (29, e12–e20).
Care coordination and structural quality indicators
Revascularization (CEA or CAS) as an outpatient procedure is rejected for reasons of patient safety (GCP)
(e21). It is recommended that, in general, CEA should
be performed by a vascular surgeon (↑↑); moreover, in
any institution in which CEA is performed, there
should be at least one vascular surgeon who performs
at least 10 CEA procedures per year. Brain imaging
tools (CT, MRT), vascular diagnostics (ultrasound, CT
angiography, MR angiography, DSA), and an endovascular interventional service must be available around
the clock, as well as appropriate postoperative patient
monitoring (GCP) (31, e22). Registry studies on
CEA—and on CAS as well, albeit with fewer patients—have shown that periprocedural complication
rates are lower in high-volume hospitals (↑).
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CAS should be performed by a physician with the
proper clinical and endovascular qualifications who has
performed at least 100 cases of selective diagnostic
catheter angiography of the brain-supplying arteries
and has independently carried out at least 25 supraaortic interventions. Furthermore, the hospital should
have at least one physician doing endovascular procedures who performs at least 10 cases of CAS per
year. 24-hour availability of cranial CT and MRI, a
neuro-interventional service, a neurovascular service,
and appropriate monitoring of high-risk patients, are
obligatory (GCP).

Discussion
All of the recommendations found in this S3 guideline
are based on a consensus of at least 75% of the participating scientific societies and organizations; most are
based on a strong consensus (≥ 95%). This document
thus represents a broadly accepted basis for the treatment of extracranial carotid stenosis.
Regarding the ongoing debate on CAS versus CEA,
13 RCTs including a total of 7480 patients have been
summarized in several meta-analyses (30, 32, 39). A
recent meta-analysis found CAS to be inferior with
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(27–28): 468−76
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TABLE 4
Endpoints in 13 randomized trials comparing CAS and CEA*1
Endpoints

Number of
patients*2

Number of
trials*2

CAS

CEA

Absolute risk
difference
(CAS versus CEA)

Pooled odds ratio
(95% confidence interval)

Any periprocedural stroke or death

7390

12

6.7%

4.4%

+ 2.3%

1.54 (1.25–1.89)

Any periprocedural stroke

7171

11

6.0%

3.9%

+ 2.1%

1.53 (1.23–1.91)

Any stroke (mean follow-up 2.7 years)

5359

9

10.8%

8.2%

+ 2.6%

1.37 (1.13–1.65)

Periprocedural myocardial infarction

5952

9

0.8%

1.7%

– 0.9%

0.48 (0.29–0.78)

Periprocedural cranial nerve dysfunction

6062

11

0.3%

5.4%

– 5.1%

0.09 (0.05–0.16)

*1 Modified from (30)
*2 Number of patients and trials in which the endpoint in question was used
CAS, carotid stenting; CEA, carotid endarterectomy

respect to the endpoint “periprocedural stroke or
death,” with a risk of 6.7% compared to 4.4% for CEA
(odds ratio 1.54, 95% confidence interval [CI]
1.25–1.89) (Table 4, Figure 3). The difference came
about mainly because of a higher risk of stroke with
stenting (30). As most of the RCTs to date have included a majority of patients with symptomatic stenoses, adequate data are not yet available regarding
asymptomatic stenoses. The meta-analysis also shows
that CEA carries a higher rate of myocardial infarction
(1.7% versus 0.8%), as well as a markedly higher risk
of an at least transient cranial nerve dysfunction (Table
4). As procedure-related stroke is rare, the overall risk
of stroke is lower after CEA than after CAS, even in the
intermediate term (2.7 years) (Table 4). Nonetheless,
the available trials show no difference in ipsilateral
stroke rates after a successful procedure (CEA or CAS)
(3, 33–37).
The age of the patient was an important prognostic
factor in all RCTs, with a trend toward fewer CASassociated complications in patients under age 68 and a
significantly lower risk with CEA in patients over age
68. The North American CREST trial also included an
investigation of patients’ quality of life after CEA and
CAS. It was found that, four weeks after the procedure,
patients who had undergone CAS had less pain and
dysphagia, while those who had undergone CEA were
less likely to have difficulty with walking. These differences were no longer detectable twelve months after
the procedure. Procedure-related stroke causes a persistent, statistically significant impairment of quality of
life, which procedure-related myocardial infarction and
cranial nerve dysfunction does not (38).
The recommendations in this S3 guideline generally
accord with those of the current guideline of the
European Society for Cardiology (ESC), in which CAS
is considered an alternative to CEA only for patients at
high operative risk (simple recommendation). CAS can
also be considered as an alternative to CEA for
symptomatic patients in high-volume hospitals where
the complication rate of CAS is under 6% (weak
recommendation) (10). In contrast, the American Heart
Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(27–28): 468−76

Association (AHA), in its current guideline, states that
CAS is indicated as an alternative to CEA for symptomatic patients with >70% stenoses at average or low
risk of complications associated with endovascular
intervention (strong recommendation). This AHA recommendation is largely based on the findings of the
North American CREST trial; it barely considers the
three large-scale randomized controlled trials that have
been performed in Europe to address his issue (34, 35,
e24).
The guideline group consented that CAS is undergoing rapid technical development but has not yet
achieved the high standard set by surgical treatment.
The RCTs show a higher rate of periprocedural stroke
after CAS, but higher rates of perioperative myocardial ischemia and (mainly transient) cranial nerve
dysfunction after CEA. The age dependency of the
CAS complication rate suggests that more pronounced
atherosclerosis (e.g., in the aortic arch and the proximal portion of the common carotid artery) is a risk
factor for endovascular treatment. After successful interventions, however, the RCTs show no significant
difference in the secondary preventive effect of CEA
and CAS (30, 32, 34–36). All of the RCTs performed
to date have been fraught with weaknesses of content
and method, so that no absolutely reliable comparison
of CAS and CEA under randomized conditions can yet
be made. As for factors that might predict a better or
worse outcome for CAS, the trial data do not permit
any reliable statement about any of the tested criteria
(study design, patient selection, endpoints, subgroups,
data monitoring, experience of the treating physician,
standardization of periprocedural treatment, etc.). This
need not imply, however, that these factors are
irrelevant to the quality of the outcome (e23).

Perspectives and overview
In the future, further high-quality trials will be needed,
so that better selection criteria can be developed for
individually optimized conservative, operative, or
endovascular treatment, particularly for patients with
asymptomatic carotid stenoses. It will presumably be
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TABLE 5
Important recommendations about treatment techniques (CEA, CAS)
CEA

GoR

LoE

The surgical method (eversion endarterectomy or conventional endarterectomy) should be chosen on the basis
of the surgeon’s personal experience.

↑

1

In conventional endarterectomy, the use of a patch significantly lowers the rate of perioperative stroke and death
as well as the perioperative carotid occlusion rate and the rate of restenosis later on in the postoperative course.

↑↑

1

In elderly patients with an indication for carotid revascularization, CEA should be considered, especially if the
arterial morphological anatomy is not suitable for endovascular intervention.

↑

1

There is inadequate evidence to support the routine (obligatory) insertion of a shunt during surgical carotid
reconstruction.

↑↑

2

Intraoperative neuromonitoring during CEA is not evidence-based, but a pathological finding during monitoring
can imply an indication for the selective use of a shunt while the carotid artery is clamped.

↔

5

Patients and surgeons can choose a procedure under local or general anesthesia; the use of one or the other
yields no significant difference in outcome at 30 days. The decision regarding anesthesia should take account of
the patient’s wishes and the individual experience and skills of the anesthesiologist and vascular surgeon.

↑↑

1

CAS

GoR

LoE

In the endovascular treatment of carotid stenosis, primary stent implantation is the method of choice.

↑↑

2b

In all cases of carotid stenting, self-expanding stents that have been approved for this indication should be used.

↑↑

3

For the assessment of in-stent re-stenosis, standardized Doppler criteria must be used so that structural
changes can be detected in long-term follow-up.

↑↑

2

PTA alone carries a higher rate of restenosis than CAS.

↑

3

Patients should be given dual platelet inhibition with acetylsalicylic acid and clopidogrel in the peri-interventional
period and for at least one month after CAS.

↑↑

1

CAS, carotid stenting; CEA, carotid endarterectomy; LoE, level of evidence; PTA, percutaneous transluminal angioplasty

Forest plot for estimation of the procedural risk for the combined endpoint
“any procedure-related stroke or death”
OR, odds ratio; CI, confidence interval;
CEA, carotid endarterectomy;
CAS, carotid stenting.
From: Economopoulos KP,
Sergentanis TN, Tsivgoulis G,
Mariolis AD, Stefanadis C: Carotid artery
stenting versus carotid
endarterectomy: a comprehensive
meta-analysis of short-term and long-term
outcomes. Stroke; a Journal of Cerebral
Circulation. 2011; 42: 687–692.
Reprinted with the permission of
Wolters Kluwer Health (30).

FIGURE 3

Odds ratio (95% CI)

Study, year

OR

(95% CI)

Leicester, 1998

21.1

(1.01–445.00)

Lexington I, 2001

0.31

(0.01–

7.90)

Wallstent, 2001

2.96

(1.02–

8.61)

Lexington II, 2004

0.98

(0.02–

50.3)

Tescas-C, 2006

0.60

(0.14–

2.60)

Bacass, 2008

0.30

(0.01–

8.33)

Eva-3S, 2008

2.63

(1.23–

5.58)

Sapphire, 2008

0.87

(0.31–

2.45)

Space, 2008

1.13

(0.72–

1.76)

Cavatas, 2009

1.01

(0.56–

1.81)

ICSS, 2010

1.88

(1.26–

2.81)

Crest, 2010

1.90

(1.21–

3.00)

Total (95% CI)

1.54

(1.25–

1.89)

Test for heterogeneity: I2 = 33.5%, p = 0.122
Test of overall effect: p <0.001
0.1

1
favoring CAS
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10

30

favoring CEA
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important to use modern imaging techniques (MRI,
PET-CT, duplex ultrasonography) for the reliable
assessment of plaque morphologies that might be
predictive of cerebral ischemia.
In this S3 guideline, CEA is recommended as the
standard treatment for high-grade asymptomatic and
mid- and high-grade symptomatic carotid stenosis.
CAS may be considered as an alternative to CEA if the
treating center meets quality criteria that are analogous
to those for CEA, with a complication rate under 3%
for asymptomatic stenoses or 6% for symptomatic stenoses. The guideline group welcomes the introduction
of obligatory quality assurance for CAS as of 1 January
2012, after having been in place for CEA since 2003.
An update of this guideline is projected for 2015.
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