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  Article Type

Patient-specific treatment allocation for 
carotid artery disease

  PERSPECTIVE

Different approaches can be followed to allocate patients eligible for carotid revascularization to either 
stenting or endarterectomy. Recently, the Society for Vascular Surgery published in their clinical practice 
guidelines for carotid revascularization an allocation algorithm based on the patients’ surgical risk. 
Although the algorithm is firmly based on the available evidence from different randomized controlled 
trials, taking into account more recently published data on the same trials and the constant evolution in 
interventional techniques, it is questionable whether this conventional algorithm will resist time. An 
alternative algorithm allocating patients to either carotid endarterectomy or stenting is based on published 
high-patient and lesion profiles for suboptimal carotid artery stenting outcome. It was successfully 
introduced in two high-volume centers and might help in lowering the 30‑day complication rates for both 
carotid revascularization strategies.
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The optimal treatment of patients presenting 
with either asymptomatic or symptomatic carotid 
artery disease (CAD) has been the topic of many 
debates during the last few decades. Depending 
on their risk profile, patients with carotid artery 
disease can be treated with either carotid endar-
terectomy (CEA), carotid artery stenting (CAS) 
and/or optimal medical therapy. Based on a sys-
tematic review of the available literature, Hobson 
et al. recently published on behalf of the Society 
for Vascular Surgery (SVS), evidence-based 
guidelines for the management of carotid artery 
stenosis [1]. Although the presented guidelines 
contain profound valuable and valid information 
and considerations, it can be questioned whether 
the guidelines will resist time. 

Summary of the clinical practice 
guidelines of the SVS
The expert committee of the SVS made the rec-
ommendations for treating CAD based on the 
best available evidence [1]. As depicted in Box 1, 
the quality of evidence is rated as high, moder-
ate and low or very low. High-quality evidence is 
typically derived from well-conducted, large and 
consistent randomized controlled trials; moderate 
quality from less rigorous or inconsistent random-
ized controlled trials or some observational stud-
ies. Low or very low quality evidence is typically 
based on observational studies, case series and 
unsystematic clinical observations. Aside from 
the quality of evidence, the GRADE system has 
been applied to the proposed recommendations 

in order to indicate the strength of the support-
ing data and the strength of their convictions in 
offering the guidelines [2]. The GRADE system 
depicts recommendations as GRADE 1 being 
strong recommendations, or GRADE 2 being 
weak recommendations or mere suggestions. 
The GRADE system separates the quality of 
evidence from the strength of recommendations. 
This separation allows guideline users (clinicians, 
patients and policymakers) to recognize factors 
other than evidence, such interventionalists’ expe-
rience and preferences, and patients’ values and 
preferences that were considered by the expert 
committee while making the recommendations. 
Taking into consideration subjective factors such 
as patient preferences, guidelines supported by 
lesser degrees of clinical evidence might receive 
‘strong recommendations’.

Indications for revascularization
As stipulated by the SVS recommendations, 
optimal medical therapy rather than revascular-
ization is indicated for both asymptomatic and 
symptomatic patients with low-grade stenosis [1]. 
As shown in the European Carotid Surgery Trial 
(ECST), the minimal cut-off degree of inter-
nal carotid artery stenosis indicating the neces-
sity to revascularize lesions in asymptomatic 
patients is 60% [3] and in the North American 
Symptomatic Carotid Endarterectomy Trial 
(NASCET), revascularization is indicated for 
all symptomatic patients presenting with at least 
50% stenosis [4].
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Carotid treatment assignment
�� Conventional paradigm based on 

the surgical risk
The recommendations proposed by the SVS 
are well reflected in the conventional paradigm 
for carotid treatment assignment published by 
Roubin et al. (Figure 1) [5]. Traditionally, candi-
dates for carotid revascularization have been 
selected for either CEA or CAS on the basis 
of the presumed surgical risk. This means that 
all patients presenting with low risk for surgery 
are referred for CEA, and that CAS is only an 
option for the group of patients considered at 
high risk for open surgery. This conventional 
approach means first that CAS is only made 
available to a very limited population and that 
second, potential risk factors for CAS that can be 
easily identified by readily available clinical and 

angiographic features are neglected. This may 
result, particularly in asymptomatic patients, 
in procedural risks for CAS that outweigh the 
long-term risk of ipsilateral stroke with best 
medical therapy. 

�� CAS & CEA are not competitive but 
complementary treatment options
Both the standing recommendations from the 
SVS and the conventional treatment paradigm 
described by Roubin described are supported in 
the initial publications of the Endarterectomy 
versus Stenting in Patients with Symptomatic 
Severe Carotid Stenosis (EVA-3S) [6] and Stent-
Supported Percutaneous Angioplasty of the 
Carotid Artery versus Endarterectomy (SPACE) 
trials [7]. Based on the published 30-day outcome 
of these two randomized controlled trials, it was 
claimed there was no place for the widespread 
use of CAS. Although the 30‑day findings of 
these studies created strong skepticism against 
CAS, more recent publications on the same 
patient populations describing the long-term 
outcomes of the intervention are again more 
optimistic towards the endovascular approach. 
Both manuscripts demonstrate that if CAS can 
be safely achieved and the 30‑day complication 
rate can be kept low, it is as durable as CEA. This 
requires that CAS should be performed by expe-
rienced investigators in carefully selected patients 
[8]. The EVA-3S investigators published that up 
to 4  years after the index interventions there 
was no difference in the risk of ipsilateral stroke 
among CAS and CEA patients who did not have 

Box 1. Summary of the clinical practice guidelines by the Society for  
Vascular Surgery.

Symptomatic patients

�� Low-grade carotid stenosis (<50%) 
– Optimal medical therapy rather than revascularization (GRADE 1 recommendation,  
   high-quality evidence)

�� Moderate-to-severe carotid stenosis (>50%)
– CEA plus optimal medical therapy (GRADE 1 recommendation, high-quality evidence) 
– CAS potential alternative to CEA if high perioperative risk (GRADE 2 recommendation,  
   low-quality evidence)

Asymptomatic patients

�� Low-grade carotid stenosis (<60%) 
– Optimal medical therapy rather than revascularization (GRADE 1 recommendation,  
   high-quality evidence)

�� Moderate-to-severe carotid stenosis (>60%)
– CEA plus optimal medical therapy if low perioperative risk (GRADE 1 recommendation,  
   high-quality evidence) 
– Recommendation against CAS with a possible exception if >80% stenosis and high anatomic risk for CEA 
   (GRADE 1 recommendation, low-quality evidence)

CAS: Carotid artery stenting; CEA: Carotid endarterectomy.  
Box modified from [1].

Medical therapy

Carotid stentingCEA

Low High

Evaluate CEA risk

Yes
No

Carotid revascularization
indicated

Figure 1. Conventional treatment paradigm for carotid treatment 
assignment based on surgical risk.
CEA: Carotid endarterectomy. 
Figure taken from [5].
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a stroke within the first 30 days [8], and in the 
SPACE trial, the ipsilateral ischemic strokes up 
to 2 years after the procedure and any peripro-
cedural stroke or death did not differ between 
CAS and CEA patients [9]. In addition, the 
long-term results (5 years) of the Belgian–Italian 
Carotid (BIC) study [10] indicate that it is 
clear that CAS has durable benefit in terms of 
stroke-free survival. The annual rate of 1.36% 
(95% CI: 1.08–1.69) for any type of ipsilateral 
stroke (excluding the perioperative period), as 
reported in our total population, seemed to be in 
the same range as those of post-CEA complica-
tions reported by the historical randomized con-
trolled trials [3,4,10–12]. In particular, the any type 
of stroke or perioperative death rate of 6.42% at 
5 years reported for asymptomatic patients by the 
Asymptomatic Carotid Surgery Trial (ACST) 
[11] or of 5.1% reported by the Asymptomatic 
Carotid Atherosclerosis Study (ACAS) [12] are 
very close to the 6.1% rate in our asymptomatic 
population. In the symptomatic population the 
any stroke and death rates at 3 and 5 years were 
5.6 and 6.9%, respectively, which are clearly 
comparable with the 8.5% rate of ECST at 
3 years [3], and the 13% rate in NASCET [4].

The different publications of the above-men-
tioned trials were the source of many heroic 
debates between the protagonists and antago-
nists of the endovascular approach and they 
strongly impacted patient selection, treatment 
evolution and reimbursement policy in many 
countries. Now, with the most recent long-term 
results of CAS at hand, we might conclude 
that CAS and CEA do not have to be seen as 
competitive treatment strategies but that both 
are complementary. Approximately 80% of all 
carotid patients are eligible for both techniques, 
while only in the remaining 20% must careful 
attention be paid to predisposing factors putting 
them at increased risk for complications with one 
of the two techniques.

�� An alternative proposed paradigm 
based on limiting factors for stenting
Taking into account the complementarity of 
CEA and CAS, an alternative treatment deci-
sion algorithm has been proposed by Roubin 
et al. [5]. In contrast to the conventional flow 
chart, the decision to allocate patients with 
CAD to either CEA or CAS in the newly pro-
posed paradigm is based on potential limiting 
factors for CAS (Figure 2). Practically, this means 
that every patient with CAD might be consid-
ered as a potential candidate for CAS, but that 
CEA is preferred in patients presenting with any 

factor that potentially influences the outcome 
of CAS. In different publications with varying 
levels of evidence, both high-risk patient pro-
files and lesion characteristics have been identi-
fied and were used as potential CAS exclusion 
criteria (Box 2). 

High-risk patient profile for CAS
The most important factor that has been asso-
ciated with increased procedural complica-
tions is advanced age. In both the Carotid 
Revascularization Endarterectomy versus Stent 
Trial (CREST) and SPACE trial, increasing age 
has been directly related to a higher number 
of neurological complications at 30 days after 
CAS  [13,14]. The SPACE investigators found 
that for the CAS population, the risk of ipsi-
lateral stroke or death was significantly associ-
ated with age in the CAS group, whereas for 
the CEA group there was no difference in com-
plication rates within the defined age groups. 
For patients treated with CAS, the estimated 
relative risk increase was estimated to be 7.2% 
(95% CI: 2.8–11.7%; p = 0·001) per year of 
age [14]. In their recent review based mostly on 
observational data, CEA was judged by Narins 
et al. to be the procedure of choice for patients 
aged 80 years or older [15].

Over 40% of all intraprocedural CAS events 
occur during the catheterization phase [16]. As 
any contact of the guidewire or catheter dur-
ing catheterization can cause distal emboliza-
tion and during this stage of the intervention no 
embolic protection device (EPD) is yet installed 
to protect the brain, all extra or unforeseen wire 

Medical therapy

Evaluate CEA riskCarotid stenting

CEA Consider medical 
therapy

Low High

Evaluate carotid stent risk

Yes

NoCarotid revascularization
indicated

Low High

Age
Cerebral reserve
Tortuosity
Calcification

Figure 2. Newly proposed treatment paradigm for carotid treatment 
assignment based on potential limiting factors for carotid artery stenting. 
CEA: Carotid endarterectomy. 
Figure taken from [5].
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and catheter manipulations have to be avoided. 
Therefore, in order to define the best treatment 
strategy, preprocedural mapping of the anat-
omy of the access vessels is mandatory and can 
help exclude CAS for patients presenting with 
decreased accessibility due to tortuous iliac ves-
sels and/or diseased or elongated aortic arches. 
Schneider et  al. demonstrated that in CAS 
patients presenting with a proximal tortuosity 
index, being the sum of angles from the aortic 
arch to the carotid stenosis, of over 150, both 
neurologic complication and technical failure 
was significantly increased [17].

Antiplatelet intolerance might be considered 
as an exclusion criterion for CAS [18]. Acute stent 
thrombosis is a rare (incidence: 0.5–2%), but 
potentially fatal complication after CAS [19]. As 
the occurrence of acute stent thrombosis appears 
to be related to the lack of adequate antiplatelet 
therapy, most centers currently administer dual 
antiplatelet therapy for at least 4 weeks after 
CAS [20]. 

As shown in different studies, CAS is often 
associated with some degree of cerebral emboli-
zation [21]. Although the detected cerebral embo-
lization generally does not lead to symptoms and 
is well tolerated in patients with good cerebral 
reserve, it might cause further deterioration in 
those with a history of decreased cerebral reserve. 
Therefore both marked cerebral atrophy and 
dementia might be important factors when one 
considers the risk of CAS [5]. 

High-risk lesion characteristics for CAS
Successful endovascular management for intra-
luminal carotid thrombus has been reported 
anecdotally [22,23]. But as any manipulation of 
the thrombotic area during catheterization car-
ries a significant risk for thromboembolism and 
related neurological complications, it is suggested 
not to consider CAS as a primary treatment strat-
egy in patients with obvious filling defects and 
intraluminal thrombus. We prefer CEA in those 
patients, but CAS remains a valid alternative if 
a high surgical risk patient presents with intra-
luminal thrombus. If so, the authors suggest 

administering statins for at least 4 weeks prior 
to the intervention to stabilize the plaque and 
decrease its emboligenic risk [24]. If CAS is the 
intervention of choice, it might be better to use, 
based on its theoretical working principle, a proxi-
mal occlusion device rather than a distal EPD 
in order to guarantee cerebral protection before 
lesion manipulation. 

Heavy circumferential calcification is an 
important predictor of CAS-related complica-
tions. As the presence of highly calcified con-
centric plaques cause difficulties in the tracking 
and positioning of the stents and since, to date, 
no carotid stents are available that offer enough 
radial force to adequately achieve optimal stent 
expansion, CEA is probably the best option in 
this category of patients [25].

Excessive distal tortuosity might limit the 
successful outcome after CAS. First, it inter-
feres with the optimal positioning of distal 
filtration devices. The potential suboptimal 
deployment of these filters exposes the patient 
to the risk of cerebral embolization and should 
be avoided. Second, stent implantation in the 
presence of loops, bends and/or kinking of the 
internal carotid artery alters the vessel’s original 
curve. If not placed accurately, the insertion of a 
carotid stent can result in even more pronounced 
kinking of the carotid vessel just distal of the 
implanted stent (Figure 3) [25].

Patients presenting with vulnerable plaque 
are at significantly increased risk for compli-
cation after CAS. Biasi et al., performed the 
Imaging in Carotid Angioplasty and Risk of 
Stroke (ICAROS) trial and concluded that 
carotid plaques with a grayscale median less 
than or equal to 25 are defined as echogenic 
and that in these patients the risk of stroke in 
CAS is significantly increased (p = 0.005) [26]. 
Therefore, the first treatment option in these 
patients should also be CEA. Nevertheless, if it 
is opted to treat these patients with CAS, it is 
suggested to prescribe statins in order to ‘sta-
bilize’ the plaque before performing CAS. It 
was found by Gröschel et al., that preoperative 
statin intake for at least a week prior to CAS 

Box 2. Potential limiting factors for carotid artery stenting treatment.

High-risk patients for carotid  
artery stents

High-risk lesions for carotid artery stents

�� >80 years of age �� Thrombus/obvious filling defect

�� Decreased accessibility �� Extreme calcification

�� Recent stroke (<2 weeks) �� Severe distal loops/kinks/bends

�� Antiplatelet intolerance �� String lesions

�� Marked cerebral atrophy/dementia �� Vulnerable plaque
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effectively reduced (p < 0.05) the 30-day inci-
dence of stroke, myocardial infarction and death 
after CAS in symptomatic patients [24]. In the 
spirit of the findings of the BIC Registry  [27], 
any patient presenting with a vulnerable lesion 
should receive a stent with as low a free cell area 
as possible [25,28]. It has to be stated that to date, 
no stent platform has been proven superior. 
Furthermore, although the findings on the free 
cell area of the BIC trial have been discussed 
and debated by the group of Schillinger et al. 
[29], these were recently confirmed by Jansen 
et al. based on a subanalysis of the SPACE trial 
data [30]. If the selection of a stent with such 
high scaffolding capacities would potentially 
compromise the maintenance of the vessel’s ini-
tial anatomy (e.g., potential distal kink or sig-
nificant mismatch in proximal and distal diam-
eter), the authors can only suggest performing 
CEA in these cases. Selecting a more flexible 
stent with less scaffolding potential in order to 
achieve optimal angiography after CAS, could 
place patients at a potential increased risk for 
postprocedural cerebral embolization [25].

�� Incorporating the patient selection 
strategy into daily practice
The newly proposed algorithm has been suc-
cessfully integrated into daily practice at the 
Department of Vascular Surgery at AZ St 
Blasius and the Department of Cardiovascular 
Surgery of the Imelda Hospital in Bonheiden 
and it did positively impact the outcome of both 
CAS and CEA. 

Since the start of patient data collection on 
carotid revascularization in 1987 until the end 
of 2008, a total of 4219 carotid artery revascular-
izations (CEA and CAS) were performed in the 
two centers (Figures 4 & 5). The global evolution 
in number of procedures is characterized by a 
gradual increase until the year 2003, after which 
a steady state of approximately 300 procedures 
per year was reached. 

Historically, the evolution chart can be divided 
into four successive time periods (1987–1994; 
1995–2000; 2001–2006; and 2007–2008) with 
specific characteristics in the revascularization 
patterns, available intervention techniques and 
complication rates.

The first period that can be identified goes 
from 1987 to 1994, and covers the first years of 
dedicated patient data collection in the aforemen-
tioned services. During this early time frame, 
CEA was the only treatment option for all carotid 
patients that were candidates for revasculariza-
tion. There was a gradual increase in the yearly  

number of patients treated, going from 58 patients 
in 1987 up to 147 in 1994, with a constant dis-
tribution between symptomatic (avg.:  60.1%; 
range: 57.8–626%) versus asymptomatic patients 
(avg.: 39.9%; range: 42.2–37.4%). The average 
complication rate, defined as the combined tran-
sient ischemic attack, stroke and death rate at 
30 days after the index intervention, was 2.5%. 

The years 1995–2000 are considered as the 
second referral period, which was initiated with 
the performance of the first CAS procedure 
at the services. During these years, no EPD 
devices nor specific carotid stents were available 
and the use of CAS was limited to high surgical 
risk patients (e.g., recent myocardial infarction 
or ejection fraction <30%). Owing to the lack 
of dedicated materials, and probably even more 
importantly, experience, the average reported 
30‑day stroke/death rate in our service was 
high (9.26%), but comparable to the outcome 
in the survey by Wholey et al. in the same era 
[31]. Although CAS had a high complication rate, 
the proportion of CAS interventions gradually 
increased until in the year 2000, approximately 
a third (35.15%) of all CAD patients that needed 
revascularization were treated endovascularly. 
The proportion of symptomatic patients treated 
with CEA and CAS between 1995 and 2000, 
were 61.7 and 65.1%, respectively.

Figure 3. Stenting of (A) tortuous internal carotid artery stenosis and  
(B) carotid lesion causing kinking of the artery distal of the lesion.
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The third referral period starts in the year 
2001, with the development and introduction 
of EPD and specific low-profile carotid devices. 
This, in combination with growing experience, 
has led to a clear drop in the stroke and death 
rate after CAS to as low as 2.84 and 0.72% 
(2001–2002) for symptomatic and asymptom-
atic patients, respectively. With the improved 
results, it was decided to no longer reserve CAS 
for high surgical risk patients and to widen its 
indications. This resulted in a steep increase 
in the number of CAS procedures and a clear 
shift away from the classical towards the endo-
vascular approach. In the years 2005–2006, 
approximately 85% of all carotid revasculariza-
tion candidates were treated with CAS, and only 
15% with CEA. Also in this period, on average 
a little more than six out of ten interventions 
(CEA: 62.7%; CAS: 60.6%) were performed 
in symptomatic carotid patients. Looking at 
the 30‑day complication rates, we observed a 
trend towards a lower complication rate in the 
symptomatic patients treated with CAS versus 
those treated with CEA. In the last 2 years of this 
period, 2005–2006, a new slight increase in the 
complication rate after CAS in our symptomatic 
patient population (3.21%) was noted.

As the latter observation might be potentially 
explained by the too liberal selection criteria 
for CAS used at the time, this necessitated a 

re-evaluation of the treatment selection algo-
rithm for CAS in our services. Simultaneously 
with this evaluation, the publication of the 
30‑day results of the EVA-3S [6] and SPACE [7] 
trials brought to light that the results of CAS 
might have been worse than generally accepted 
at the time. Both facts led to the introduction of 
the above-described paradigm based on poten-
tial limiting factors for CAS [5], which indicated 
the start of the fourth and last referral period 
from 2007 to date. With the newly introduced 
algorithm, more symptomatic patients were 
excluded from CAS and it was opted to per-
form CEA in those patients. This meant that 
again a higher number of patients were treated 
with CEA in 2007–2008. While in the three 
earlier periods the vast majority of symptomatic 
patients were treated with CAS (up to 86.3% 
in 2006 and 2007), this drastically changed in 
the last period. Following the algorithm, only 
approximately 40% of symptomatic patients 
are referred to stenting and now 60% receive 
endarterectomy. For asymptomatic patients, no 
shift in treatment allocation was observed, with 
as many as 90% being treated with CAS and 
less than 10% with CEA. This led to the obser-
vation that in 2007–2008, 90.7% of all CEA 
patients and only 45.9% of those treated with 
CAS were symptomatic. More importantly, 
the change in treatment allocation specifically 

Figure 4. Evolution of carotid artery treatment at the AZ Sint-Blasius (Dendermonde, Belgium) and the Imelda Hospital 
(Bonheiden, Belgium) indicating the allocation to CAS and CEA and the patients’ symptomatology.
asx: Asymptomatic; CAS: Carotid artery stenting; CEA: Carotid endarterectomy; sx: Symptomatic.
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for the symptomatic population meant that 
the 30‑day complication rate after CAS and 
CEA again lowered to 1.24 and 2.44%, respec-
tively, as was the aim of introducing the new 
allocation algorithm.

Conclusion
Interventionalist groups who can offer both CEA 
and CAS in the same service are best placed to 
treat CAD patients. It should be understood that 
both strategies are complementary and not com-
petitive and that a well thought out treatment 
allocation is crucial for good results in both CAS 
and CEA. 

The SVS-supported allocation algorithm 
for patients with CAD is based on high-level 
evidence and limits CAS to a small number of 
high surgical risk patients. The treatment algo-
rithm as currently used in our services and as 
initially proposed by Roubin et al. [5] allocates 
patients to CEA or CAS based on both patient 
profiles and lesion characteristics. Different 
publications, with varying levels of evidence 
were used to identify potential risk factors for 
suboptimal CAS outcome. The algorithm was 
introduced in our service at the end of 2006, 
and it was observed that again more CEA 
procedures were carried out in symptomatic 
patients and that there was a new decrease in 
the number of complications in both the CEA 
and CAS populations following this approach.

Future perspective
Carotid artery stenting will undoubtedly prevail 
as a complementary alternative to CEA. If per-
formed safely, the long-term results are equiva-
lent to those of CEA [8–10]. Concerning the 
30‑day outcome, it became clear since the pub-
lication of the EVA-3S [6] and SPACE [7] results, 
that this needs to be improved. Therefore, in 
the future, interventionalists need to gain more 
experience and need better devices, especially 
stents. As it is the stent’s scaffolding capacity 
that influences clinical events [25,28,30], and as 
current generation stents with good scaffolding 
capacities tend to have insufficient flexibility to 
be optimally accommodated with the vessel’s 
original anatomy, future stent design improve-
ments should focus primarily on optimally 
combining excellent scaffolding and flexibility.
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Figure 5. Evolution of the complication rates after carotid artery stenting and endarterectomy over the years.
CAS: Carotid artery stenting; CEA: Carotid endarterectomy.
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Executive summary
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