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The management of carotid restenosis: a comprehensive review
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Abstract: Carotid artery stenosis (CS) is a major medical problem affecting approximately 10% of the
general population 80 years or older and causes stroke in approximately 10% of all ischemic events. In
patients with symptomatic, moderate-to-severe CS, carotid endarterectomy (CEA) and carotid angioplasty
and stenting (CAS), has been used to lower the risk of stroke. In primary CS, CEA was found to be superior
to best medical therapy (BMT) according to 3 large randomized controlled trials (RCT). Following CEA
and CAS, restenosis remains an unsolved problem involving a large number of patients as the current
treatment recommendations are not as clear as those for primary stenosis. Several studies have evaluated the
risk of restenosis, reporting an incidence ranging from 5% to 22% after CEA and an in-stent restenosis (ISR)
rate ranging from 2.7% to 33%. Treatment and optimal management of this disease process, however, is a
matter of ongoing debate, and, given the dearth of level levidence for the management of these conditions,
the relevant guidelines lack clarity. Moreover, the incidence rates of stroke and complications in patients
with carotid stenosis are derived from studies that did not use contemporary techniques and materials.
Rapidly changing guidelines, updated techniques, and materials, and modern medical treatments make actual
incidence rates barely comparable to previous ones. For these reasons, RCTs are critical for determining
whether these patients should be treated with more aggressive treatments additional to BMT and identifying
those patients indicated for surgical or endovascular treatments. This review summarizes the current
evidence and controversies concerning the risks, causes, current treatment options, and prognoses in patients

with restenosis after CEA or CAS.
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Introduction approximately 10% of the general population and causing

Ischemic stroke is a significant cause of morbidity and stroke in approximately 10% of all ischemic events (2).

mortality, and about 20% to 30% of all strokes are attributed
to ipsilateral carotid plaque (1); therefore, carotid artery carotid endarterectomy (CEA) and carotid angioplasty and
stenosis (CS) remains an important medical problem affecting stenting (CAS) has been implemented to lower the risk of

In patients with symptomatic, moderate-to-severe CS,
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stroke. Current guidelines concerning the time, techniques,
and patient selection related to surgical and endovascular
treatment remain controversial (3), but it is widely
acknowledged that the overall morbidity and mortality rates
associated with these procedures should be low, especially
in asymptomatic patients (4,5). Moreover, each procedure
entails peculiar risks; for instance, CAS confers a higher
risk of stroke, particularly in older patients, but has a lower
risk of myocardial infarction (MI), cranial nerve injuries,
and vessel hematoma in comparison to CEA (6-8); on
the other hand, both treatments share a common risk of
carotid artery restenosis. Several studies evaluated the risk
of restenosis, reporting an incidence ranging from 5% to
22% after CEA, with in-stent restenosis (ISR) ranging
from 2.7% to 33% (9-12), concluding that restenosis holds
these patients in a state of significant stroke risk. The
time-points for restenosis evaluation are also a matter of
debate. Some studies evaluated vascular restenosis several
times between 1 and 36 months after intervention (13).
Meanwhile, CAS has been associated more often with
residual or recurrent stenosis than CEA, even if it is driven
by an excess rate of moderate stenosis, which might restrict
its long-term efficacy for stroke prevention (14,15). Some
authors reported that at least moderate (>50%) restenosis
occurred more frequently after CAS than after CEA and
increased the risk for ipsilateral stroke (16). However,
another study found significant symptomatic restenosis
following CAS to be uncommon (17). Treatment and
optimal management of this disease process thus remain a
matter of ongoing debate and, due to level 1 evidence being
scarce, the available guidelines do not yet provide sufficient
clarity (5) in the management of these conditions.

This review summarizes the current evidence and
controversies related to the risks, causes, current treatment
options, and prognoses in patients with restenosis after

CEA or CAS.

Pathophysiological basis of restenosis

Restenosis is commonly defined as a permanent narrowing
of vessel diameter greater than 50% (as compared with a
reference artery or complete occlusion) occurring more than
30 days after surgery (18,19). Carotid restenosis both after
CEA and CAS is a well-known threat and may represent
a short- and long-term complication after the carotid
intervention, exposing patients at risk to recurrent stroke
and neurologic morbidity (16,20). Restenosis is considered
an abnormal wound-healing reaction, or a maladaptive
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response of the artery to trauma, induced during
revascularization procedures. It is caused by the interaction
of two main processes: neointimal hyperplasia and vascular
remodeling. Neointimal hyperplasia is a process triggered
by endothelial damage and results in the thickening of the
tunica intima, while vascular remodeling is a change in the
size of the involved vessel. Both processes are the result of
several phenomena, including elastic recoil, extracellular
matrix synthesis, and neo-adventitia formation at the injury
site (21). Intimal proliferation, even if it is mainly caused by
an endothelial response to manipulation, may be accelerated
by external factors (e.g., diabetes mellitus) and inflammatory
mediators such as C-reactive protein (CRP), platelet-
derived growth factor, and other agents (22-24). During
therapeutic surgical or endovascular procedures, endothelial
damage triggers neointimal hyperplasia by a cascade of
inflammatory mediators, including free oxygen radicals, and
mitogenic and chemotactic factors. Neointimal hyperplasia
is supported by the contribution of several heterogeneous
cell types, including smooth muscle cells, fibroblasts,
circulating progenitor cells, adventitial myofibroblasts, and
inflammatory cells (25), which precipitate the constrictive
process that characterizes vascular narrowing.

Restenosis rate, the incidence of MI, stroke, and
congestive heart failure may be influenced by genetic
factors, but they appear more commonly in patients
presenting concomitant atherosclerotic risk factors (26).
These factors make understanding the underlying
mechanisms responsible for this pathophysiological process
and the identification of specific therapies for its prevention
more difficult (27).

Carotid restenosis may have several causes determined
primarily by the period in which restenosis develops.
Early restenosis, defined as occurring within 3 years of
intervention, has been mainly linked with myo-intimal
hyperplasia; conversely, late restenosis, defined as occurring
more than 3 years after the intervention, is thought to
originate from recurrent carotid atherosclerosis (28,29).

Several risk factors have been suggested as being
responsible for restenosis and could be linked either with
interventional techniques (surgical vs. endovascular) or
with patient characteristics such as active smoking, diabetes
mellitus, female gender, and stent type used in CAS (30,31).

Atherosclerosis is a chronic process that is caused or at
least accelerated, in part by some well-identified factors
including hypertension, cigarette smoking, diabetes, and
hyperlipidemia (32). The risks of the major thrombotic and
thromboembolic complications of atherosclerosis appear
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to be related more to the stability of atheromatous plaques
than to the extent of atherosclerotic disease (33).

Atherosclerosis-related carotid artery disease shares
some common features with atherosclerosis-related
coronary disease, including the potential risk of morbidity
and mortality in particular (34). Although there may
exist peculiar characteristics that indicate the presence of
common pathophysiological mechanisms and risk factors
for both conditions, these aspects may affect treatment and
prognosis (35). While coronary disease develops earlier in
life than carotid atherosclerosis (36), and the location in
branching or curves and morphology of the plaques are
different in the two arterial systems (33), both diseases are
influenced by similar systemic factors. On the other hand,
the degree of stenosis is not the only factor responsible for
vascular events. Indeed, if a high degree of stenosis is highly
predictive of stroke due to hypoperfusion and embolization,
it has little ability to predict acute coronary syndrome in the
coronary artery system, as this is determined mainly by local
thrombosis from a ruptured or eroded plaque (35). These
differences are even more pronounced in the restenosis
process, and, despite numerous strategies being attempted
to inhibit or reduce restenosis, the complex multifactorial
nature of this pathophysiological process frequently leads to
a failure of its prevention in patients (31).

Restenosis after CEA and CAS

The accepted indications for CEA balance the long-term
benefit of stroke reduction with the risk of perioperative
complications, requiring that the overall morbidity and
mortality rates associated with CEA to be low (<6% in
symptomatic patients, <3% in asymptomatic patients)
enough to justify the intervention (4,5). Complications
following CEA are related to underlying cardiovascular
disease and comorbidities and the surgical approach
and technique used. The well-known postoperative
complications of CEA include MI, perioperative stroke,
postoperative bleeding, and the potential consequences of
cervical hematoma, nerve injury, infection, with restenosis
being a particularly harmful complication potentially
requiring repeat carotid intervention (29).

Restenosis after CEA was reported in up to 20% of
patients in early studies (37), but subsequent studies
reported lower values (2.6% to 10% at 5 years) (9,38,39),
and the risk of stroke recurrence after endarterectomy
under best medical therapy (BMT) was reported to be 20%
within 14 days and 37% in the first year (40).
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Post CEA restenosis is typically caused by neointimal
proliferation or thrombus formation. In the early stage
after the intervention, commonly considered to the first
2 years after surgery, restenosis is usually attributed to the
development of myo-intimal hyperplasia, while intermediate
(2 to 5 years) and late (>5 years) restenosis are deemed
similar to primary atherosclerotic lesions (41).

Although surgical carotid revascularization is well-
recognized as the treatment of choice in symptomatic
CS, during the later years, CAS has emerged as a useful
and potentially less-invasive alternative to CEA for the
treatment of extracranial carotid stenosis in high-risk
patients, even though the actual level of evidence in favor of
CAS is still low (42).

A study involving 507 patients enrolled in carotid
ultrasound follow-up following CAS or CEA, reported a
greater restenosis risk after CAS than after CEA, with a
short-term rate of carotid restenosis of >50% and occlusion
being about 2.5 times more common after CAS than after
CEA. Both groups were in BM'T] and no difference between
the medical therapy of the groups was reported. Among
patients with documented restenosis, the majority had
recurrent restenosis, and only a few patients showed residual
stenosis. On the other hand, the grading of restenosis was
found to be mainly moderate, and the rates of recurrent
cerebral ischemic events did not differ significantly between
patients with or without restenosis (13).

The most important prospective, randomized, single-
center study on restenosis revealed a higher incidence of
relevant restenosis and neurologic symptoms after CAS
than after CEA (43). Despite the small number of enrolled
patients (87 patients) at 66 months of follow-up, 5 of the 32
CAS patients (15.6%) presented with high-grade (>70%)
restenosis as an indication for secondary intervention or
surgical stent removal, and 3 presented with neurologic
symptoms; in contrast, no CEA patients required
reintervention (P<0.05 vs. CAS).

"Two randomized controlled trials comparing the results
of CEA with CAS reported a significantly higher incidence
of ISR after CAS (15,16). The SPACE trial reported that
the rate of restenosis (>70%) was 11.1% in the CAS group
and 4.6% in the CEA group (P=0.0007) with only two
neurological symptoms in recurrent stenosis being reported
after CAS (15). Meanwhile, the ICSS trial reported that the
cumulative 5-year risk of restenosis (>50%) was 40.7% in
the CAS group and 29.6% in the CEA group (P<0.0001),
and increased the risk for ipsilateral stroke in the overall
population (16).
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Finally, for patients undergoing CAS, inflammation
seems to have a central role in atherosclerotic disease
progression, and some serum biomarkers have been linked
with ISR. For instance, one study found that CRP level
at 48 hours, exemplary of the post-intervention acute-
phase response, was significantly associated with 6-month
restenosis (44). Tables I and 2 summarize the restenosis cases
recorded in the principal studies of CEA and CAS.

Risk factors for restenosis after CEA and CAS

Several studies have described the risk factors associated with
restenosis after CEA (29,85,86). However, even if the results
from single-center studies that lack uniformity in inclusion
criteria, diagnostic tools, and follow-up schemes, cannot
be considered conclusive, some important findings have
been obtained. Expectedly, associations between restenosis
and vascular risk factors, including hyperlipidemia (87),
hypertension (88), smoking (89,90), and metabolic
syndrome (91), have been observed.

Two non-modifiable risk factors, including a family
history of stroke and age <65 years, have been reported to
predispose patients to disease progression and recurrence (90).
Further studies showed that homocysteine (92), and severe
renal insufficiency (93) significantly correlated with carotid
restenosis. Patients with end-stage renal disease can develop
endothelial dysfunction through several mechanisms,
including elevated low-density lipoprotein, decreased
adiponectin levels, and decreased clearance of pro-
inflammatory and oxidative substances (94). Inflammation
also plays a role in early carotid restenosis after CEA, as
demonstrated by the elevated risk of restenosis associated
with a rise in the high-sensitivity CRP level before CEA
and increased fibrinogen 48 h after surgery (95,96).

Characteristics of target lesions may also influence the
rate of restenosis. The high content of calcium in plaque is
a predictor of restenosis at 6 months both after CEA and
after CAS (97).

Finally, some researchers studied the risk of restenosis
related to the surgical approach. They found that, in the
early postoperative surgical period, the technical defects
predominate. For instance, a residual plaque at the distal
endpoint and a step in the common carotid artery (CCA)
take part in the pathogenesis of restenosis (28). Moreover,
the female gender has been described as a risk factor for
restenosis after CEA (29,98). This association could be
attributed to anatomic factors, as women have smaller
artery diameters and are thus more prone to develop
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restenosis (99), but sex hormones could also play a role in
the progression of the atheromatous plaque.

In contrast to CEA, no difference exists between men
and women in terms of ISR after CAS (100). The CREST
trial, however, did report that female gender, diabetes, and
dyslipidemia were independent predictors of restenosis after
CAS. In this trial, smoking was associated with an increased
likelihood of restenosis only after CEA (19). Some authors
reported that patch closure of CEA was associated with a
statistically significant lower risk of restenosis compared
with primary closure (94). On the other hand, researchers
in the CAVATAS trial identified smoking as an independent
risk factor for restenosis both after CEA and after CAS (14),
while Khan er a/. reported that advancing age was a
predictor of restenosis after CAS (101).

Similarly to CEA, chronic renal failure (94), metabolic
syndrome (91), and hypertension (102) were associated with
increased rates of restenosis. Zapata-Arriaza et al. (102)
speculated that high blood pressure could trigger
endothelial dysfunction and promote inflammation
and smooth muscle cell proliferation at the site of stent
placement. Moreover, these authors reported vasoreactivity
(IVR) to be an ultrasonographic marker of endothelial
dysfunction in small-vessel compensation mechanisms and
an independent risk predictor of restenosis. Recently, a
history of cardiovascular disease was reported as a predictor
for >50% restenosis (20).

Concerning clinical status, symptomatic status at
presentation has also been found to be associated with
a significantly lower risk of restenosis after carotid
revascularization. However, this could have been a
confounded result as the symptomatic patients might
have received more medical therapy compared with those
without presenting symptoms (94).

Characteristics of the target lesion may also influence
the rate of restenosis. Plaques longer than 20 mm (103) and
calcifications (104) were significantly related to restenosis.
Anatomical, technical, and hemodynamic features, such as
multiple stents, a lack of stent coverage in the CCA, residual
stenosis after CAS, and contralateral carotid stenosis (12), also
potentially play a role in the restenosis process (101-103).

Furthermore, the CREST trial reported an inverse
proportion between increasing age and the outcomes
of CAS, thus implicating age as a negative effect on the
outcome of CAS (105).

Concerning restenosis after CAS, 3 forms of ISR have
been described. “In-stent” restenosis is the more common
form and likely arises from neo-intimal hyperplasia caused
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Table 1 Studies evaluating patients with restenosis after CEA

No. of Symptomatic Treatment Restenosis N. pts./time of

Author patients patient selection options  follow-up (median-months) Complications
Lepore et al., 43 Yes rCEA [15] 4 pts (23 m) Stroke, CNI, death
1998 (49) CAS [28] 3 pts (6 m) TIA, stroke
Hobson et al., 30 Yes rCEA [14] 1 pt (80 m) CNI, neck hematoma
1999 (46) CAS [16] 1pt(11m) Hypotension, bradycardia, incomplete stent
apposition in patch-dilated carotid artery
Bowser et al., 77 Yes rCEA [27] 2 pts (39 m) CNI, neck hematoma, bleeding, stroke
2003 (47) CAS [50] 4 pts (26 m) Death, bleeding, TIA, stroke, intracranial embolus
Bettendorf 76 Yes rCEA [43] 6 pts (39 m) Stroke, TIA, infection, CNI, bleeding, seizure
etal., 2007 (48) CAS [33] 3 pts (12 m) Technical failure, TIA, stroke, IRA, dysrhythmia,
pseudoaneurysm
Antonello et al., 56 Yes rCEA [19] None (36 m) Stroke, CNI
2008 (49) CAS [37] None (38 m) Stroke, TIA
AbuRhama 192 Yes rCEA [72] 4 pts (33 m) Stroke, TIA, bleeding, CNI
etal., 2010 (50) CAS [120] 7 pts (34 m) Stroke, TIA
Attigah et al., 79 Yes rCEA [38] 4 pts (70.3 m) Stroke, TIA
2010 51) CAS [41] 1 pts (24.8 m) TIA
Dorigo et al., 99 Yes rCEA [41] 7 pts (24 m) IMA, CNI, neck hematoma
2013 (39) CAS [58] 3 pts (3 m) none
Fokkemaetal., 432 Yes rCEA [212] 5.2% (12 m) CNI, wound infection, bleeding
2014 (52) CAS [220] 3% (12 m) Technical failure, access site complications,
bradyarrhythmia
Marques de 44 Yes rCEA [23] 6 pts (86 m) TIA, CNI
gﬂoir;;né :)t al., CAS [21] 2 pts (38 m) None
Arhuidese 2863 Yes rCEA [1,047] NA CNI, wound infection, stroke, death
etal, 2017 (54) CAS [1,816] NA Access site complications, technical failure, stroke, death
Gaudry et al., 153 Yes CAS 16 pts (26 m) TIA, stroke, ICA spasms,
2016 (55) groin hematoma, mental confusion, bradycardia
Aburahma 81 Yes rCEA [58] None (22 m) Stroke, TIA, CNI, bleeding
et al., 2001 (56)
CAS [23] 6 pts (18 m) Stroke, TIA, bleeding, death
Lanzino 21 Yes PTA+ 4 pts (27 m) TIA, femoral artery pseudoaneurysm
et al.,1999 (57) stenting
Radak et al., 319 Yes PTA+ 14 pts (49.8 m) TIA, stroke, arterial spasm, stent thrombosis, CCA
2014 (58) stenting dissection, access site hematoma
Piccoli et al., 18 No DEB None (18 m) TIA, access site hematoma
2015 (59) angioplasty

BA, balloon-angioplasty; CAS, carotid angioplasty and stenting; CB-PTA, cutting balloon percutaneous transluminal angioplasty; CEA,
carotid endarterectomy; CNI, cranial nerve injury; DEB, drug-eluting balloon angioplasty; PTA, percutaneous transluminal angioplasty.
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Table 2 Studies evaluating patients with restenosis after CAS

Study No. of Symptomatl.c patient Treatment options Restenosis No..pts./tlme of Complications
pts. selection follow-up (median-months)
Gonzalez et al., 3 Yes CEA None (12.5 m) None
2011 (60)
Chakhtoura et al., 4 No PTA or PTA + stenting None (18 m) None
2001 (61)
Willfort-Ehringer 9 Yes PTA or stenting 2 pts (12 m) None
et al., 2002 (62)
Lal et al., 2003 (63) 4 No PTA or PTA + stenting 2 pts (18.8 m) None
Setacci et al., 3 Yes CEA or surgical embolectomy None None
2005 (64)
Setacci et al., 15 Yes PTA, PTA + stenting, CB-PTA None (NA) None
2005 (65)
Levyetal., 6 Yes PTA, PTA + stenting, CB-PTA 3 pts (23 m) None
2005 (66)
Zhou et al., 7 Yes PTA, PTA + stenting, CB-PTA 2 pts (9 m) None
2006 (67)
Vale et al., 1 No CEA None (6 w) None
1997 (68)
de Borst et al., 4 Yes CEA None (13 m) Worsening of
2003 (69) neurological status in
symptomatic patients
Reedy et al., 2 No CEA NA None
2000 (70)
Jost et al., 4 Yes ECEA, CEA + Dacron patch plasty, None (11.5 m) CNI, TIA, neck
2012 (71) CCA-ICA excision and interposition hematoma
Dacron prosthesis
Chung et al., 59 Yes CAS (30 pts) NA (31.6 m) Stroke, death, Ml
2017 (72)
BMT (29 pts) NA (31.6 m) Stroke, death, Ml
Koebbe et al., 22 Yes PTA + stenting 1 pt (36 m) Groin/retroperitoneal
2005 (73) hematoma
Gandini et al., 9 Yes DEB angioplasty 3 pts (36.6 m) Tia
2014 (74)
Montorsi et al., DEB angioplasty (7 pts) None (13.7 m) Stroke
2012 (75) 10 No Cutting balloons (3 pts) None (1 year) None
Pohlmann et al., 9 Yes DEB angioplasty 1 pt (NA) None
2018 (76)
Tekieli et al., 7 No balloon-mounted drug-eluting stent 2 pts (17 m) Tia
2012 (77) (DES)
Donas et al., 16 Yes CEA, BA, stenting 5 pts (NA) Na
2011 (78)

Table 2 (continued)
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Table 2 (continued)
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No. of Symptomatic patient

Restenosis No. pts./time of

Study pts. selection Treatment options follow-up (median-months) Complications

Heck et al., 6 No CB-PTA 1 pt (20 m) None

2009 (79)

Reimers et al., 31 Yes CB-PTA 1pt(17m) None

2006 (80)

Marcucci et al., 7 Yes None (18 m) Cni

2012 (81)

Reichmann et al., 15 Yes None (21 m) Stroke, neck

2011 (82) hematoma

Yuetal., 10 Yes 1pt(25m) CNI, cerebral

2017 (83) hyperperfusion,
dissection

Stilo et al., 13 Yes Carotid bypass None (41.2 m) CNI (transient

2017 (84) dysphagia)

BA, balloon-angioplasty; CAS, carotid angioplasty and stenting; CB-PTA, cutting balloon percutaneous transluminal angioplasty; CEA,
carotid endarterectomy; CNI, cranial nerve injury; DEB, drug-eluting balloon angioplasty; PTA, percutaneous transluminal angioplasty.

by symmetrical or asymmetrical narrowing of the lumen
within the stent after an initial positive result. “End-of-
stent” restenosis is like recurrent stenosis after carotid
patch thromboendarterectomy and has been ascribed to
local factors or technical errors. The less frequent type is
“tandem” restenosis and may be the most benign type in
terms of treatment durability (17).

Gaudry et 4l. analyzed the anatomical factors related
to the onset of ISR and found that lesions located on the
distal carotid artery and a CCA diameter <7.5 mm were also
significantly associated with ISR (55).

Radiological evaluation of carotid restenosis

In primary CS, the degree of the stenosis is a well-known risk
and surrogate index for carotid intervention (55,106-108).
However, recent improvements in imaging techniques
like ultrasonography, computed tomography angiography
(CTA), magnetic resonance angiography (MRA),
and positron emission tomography (PET)/CT allow
multidimensional plaque composition to assess the risk and
vulnerability, beyond the degree of stenosis alone (109).
The cost-effectiveness of a routine ultrasound screening of
restenosis after CEA has been questioned (110), but, due to
a potential risk of early restenosis, it has been recommended
after CAS procedures (111). Carotid restenosis of 50% to
69% is commonly diagnosed on planimetry according to

© Annals of Translational Medicine. All rights reserved.

the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) method, which involves comparing the
lumen diameter of the carotid artery (at the narrowest point
of stenosis) to the lumen diameter of the normal internal
carotid artery (ICA) distal to the stenosis. In contrast,
carotid restenosis of >70% or occlusion has been diagnosed
when it is present on either planimetry or velocity
parameters (13). ICA peak systolic velocities >210 cm/s (112)
and >300 cm/s (113,114) were used to define carotid
restenosis >70%, in post CEA and CAS, respectively.

Restenosis may be a poor result of inadequate
revascularization and can be classified as residual stenosis;
otherwise, if it occurs after successful revascularization, it
may lead to recurrent stenosis. Recurrent stenosis is defined
as the absence of residual stenosis at 1 month, with later
development of >50% stenosis or occlusion (13).

The usefulness of several diagnostic tools has been
reported in patients with CS at elevated risk of future
stroke. These tools include detection of microembolic
signals (MES) by transcranial doppler ultrasound (115),
analysis of unstable carotid plaque or progression in the
severity of CS by carotid doppler ultrasound, plaque
hemorrhage by magnetic resonance imaging (MRI) or silent
embolic infarcts on cerebral computed tomography (CT),
or MRI (116,117). Due to the lack of specific RCTs, these
diagnostic techniques could be useful tools in selecting
patients with restenosis at high-risk for stroke.

Ann Transl Med 2020;8(19):1272 | http://dx.doi.org/10.21037/atm-20-963



Page 8 of 17

Follow-up vascular imaging after CAS or CEA should
be performed to detect restenosis caused by thrombus
formation or neointimal hyperplasia. If carotid artery
restenosis is suspected, duplex sonography, CTA or MRA,
or selective digital subtraction angiography may supply
information about stenosis severity.

Biplanar or rotational digital subtraction angiography
(DSA) is the gold standard of diagnosing carotid stenosis
because it allows an accurate diagnosis both in the case
of vessel tortuosity and stenosis in non-orthogonal
planes. However, this technique is invasive and requires
the use of nephrotoxic contrast agents and significant
external beam radiation exposure (118,119). The advent
of other noninvasive imaging studies, such as duplex
ultrasonography, MRA, and CTA has replaced and, in some
instances (e.g., the assessment of plaque morphology), has
surpassed conventional angiography in the follow-up for
carotid artery disease.

Although duplex ultrasonography is often strongly
dependent on the examiner’s skills, it has been shown to
assess recurrent stenosis after CEA accurately. However,
recent studies have shown that the current velocity criteria
used to assess stenosis after the stented artery yield a high false-
positive rate (120). Stent implantation in the carotid artery
alters the expansible properties of the artery to resemble a rigid
tube and thus reduces the compliance of the stented vessel,
resulting in artificially increased velocities due to a compliance
mismatch between the stent and artery (121); consequently,
some authors have proposed revision of the velocity criteria
following stented artery (122).

Unlike Doppler ultrasonography, both CTA and MRA,
with the use of high-resolution acquisitions, supply
more detailed information regarding neo-intimal surface
and plaque morphology. Some studies demonstrated
that sensitivity and specificity of blood-pool contrast-
enhanced MRA exceed that of multi-detector CT
angiography (MDCTA) both in post-stenting/post
endarterectomy restenosis and in the assessment of
plaque morphology (123).

Although the stent material causing stent artifacts
influences restenosis assessment, both CTA and MRA allow
for the adequate evaluation of in-stent lumen and plaque
characterization. Stent imaging with CT is afflicted by the
artificial narrowing of the in-stent lumen and beam-hardening
artifacts, which may hamper restenosis assessment (124).
Moreover, stenosis evaluation with multi-planar reformation
is exact only when the stent is in parallel and oblique
orientations relative to the table axis (118,125). Also, metallic
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artifacts are more pronounced in stents with tantalum markers
compared with nitinol stents without markers.

On the other hand, MRI of vascular stents is limited by
susceptibility and radiofrequency (RF)-shielding artifacts
related to the metallic composition of the stent. In one
study, metallic artifacts were found to be mostly related to
the stent orientation with B0, while the orientation of the
read-out gradient had little influence. In general, stents
made of nitinol or tantalum alloy induce fewer artifacts than
cobalt and stainless-steel stents (118).

MR and CT are useful techniques for stenosis
measurements, and they are similar for both modalities with
slight overestimation (less than 10%) of ISR. Moreover,
magnetic resonance diffusion-weighted imaging (DWI) may
give information for detecting procedure-related cerebral
infarction, and has been recommended to all patients within
7 days after CAS and CEA (126).

The evolution of CTA and MRA technology promises an
even greater ability to characterize plaque composition and
morphology. Currently, MRI is the gold standard in carotid
plaque imaging by its high resolution and high sensitivity
for identifying intraplaque hemorrhage (IPH), ulceration,
lipid-rich necrotic core (LRNC), and inflammation (127).
However, the usefulness of MRI is limited by its time
constraints. CTA also allows high-resolution imaging and
can accurately detect ulceration and calcification but cannot
reliably differentiate LRNC from IPH (109,128).

The main limitations to MDCTA include beam-
hardening artifacts arising from densely calcified plaques,
the need for iodinated contrast, and radiation exposure (121).
Alternatively, MRA is noninvasive and does not require any
radiation or iodinated contrast administration. However, the
limitations of MRA include restrictions on use for patients
with claustrophobia, pacemakers, implantable defibrillators,
and obesity. Also, the MRA contrast agent, gadolinium, has
been reported to be associated with renal and extra-renal
toxicity. Patients with renal insufficiency or those already
on dialysis appear to be at particular risk for nephrogenic
systemic fibrosis (129-131).

Indications for reintervention after restenosis

If the results and recommendations regarding indications
and treatments in primary CS can be considered
contentious, then there is even more uncertainty concerning
carotid restenosis after CEA or CAS; moreover, no
treatment guidelines exist for treating ISR, and physicians
must rely on the extent of stenosis, clinical symptoms, and
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vascular compensation to make clinical decisions (132).

In patients with CS, BMT is reported to be effective for
the management of the majority of patients, but in some
patients, medical therapy cannot prevent stroke, and a more
aggressive treatment could be required (40). In a recent
study involving asymptomatic patients with CS in primary
prevention, BM'T was evaluated alone or in combination
with CAS or CEA. The study was prematurely stopped after
the randomization of 513 patients due to a low recruitment
rate, and there was insufficient power to determine whether
CEA or CAS was superior to BMT alone in the primary
prevention of ischemic stroke in patients with asymptomatic
carotid stenosis up to 1 year after treatment. However, a
statistically non-significant increase in the rate of restenosis
occurred in the CAS group (CEA 2.0% vs. CAS 5.6%),
although stroke rates were not increased (133).

The choice for treatment is even more difficult for
patients in whom either CEA or CAS is complicated by
restenosis. As reported from different clinical experiences,
a secondary intervention in these high-risk patients may
be hazardous (134). Redo CEA is often challenging due
to the presence of scar tissue in the field, and thus CAS
has appeared as an alternative treatment for post-CEA
restenosis. Moreover, in recent years, the number of CAS
procedures has increased even though the standard of care
for treating post-CEA stenosis has not been established. As
high rates of ISR may be observed in patients with hostile
neck condition (134,135), it is important to identify specific
groups of patients with restenosis in which BMT alone is
not enough to reduce stroke risk.

A systematic review identified 50 studies reporting on
post-CEA or CAS restenosis and found that the criteria for
treatment of carotid restenosis were not sufficiently rigorous
and that there was significant ambiguity surrounding the
indications for intervention (11). Patients were generally
treated when the degree of restenosis exceeded 80%,
but only 23% (444/1,926) of symptomatic patients had
documented ipsilateral symptoms; also, patients were not
evaluated for other sources of emboli, and the remaining
45.3% of patients were asymptomatic. Most patients (68%)
underwent redo CEA, while CAS was performed in 32% of
the padents. Even if acceptable outcomes after reoperation
following primary CEA have been reported (136), recent
studies have highlighted the usefulness of CAS in the
surgical hostile neck (such as after irradiation) or high
cervical lesion restenosis (137).

Even though no RCTs have evaluated whether
symptomatic restenosis should be treated medically or
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by redo surgery, the latest European Society for Vascular
Surgery (ESVS) guidelines (4) suggests adopting the same
treatment criteria that are used to select symptomatic
patients with primary atherosclerotic stenosis. Accordingly,
treating symptomatic restenosis (50-99%) by CEA or CAS
within 14 days of symptoms is recommended. Nevertheless,
asymptomatic restenosis is still a highly controversial
subject. Despite an intuitive belief that most asymptomatic
restenosis is benign, the same guidelines (4) suggest that
reintervention may be considered in post-CEA 70-99%
asymptomatic restenosis, following a multidisciplinary team
review. Conversely, it is recommended that asymptomatic
restenosis >70% after CAS should be treated medically, as
the risk of stroke is minimal. This because about 97% of all
late ipsilateral strokes after CAS occurs in patients without
restenosis >70%. By contrast, a severe asymptomatic
restenosis >70% after CEA, does appear to be associated
with a significantly higher risk of late ipsilateral stroke.

When a decision has been made to undertake
revascularisation in patients with restenosis, the choice of
redo CEA or CAS should be based on multidisciplinary
team review, local surgeon/interventionist experience, and
patient choice (4).

CEA vs. CAS for recurrent carotid stenosis

Restenosis remains an unsolved problem following CEA
and CAS, and current treatment recommendations are
not as clear as those for primary stenosis; moreover,
consistent data from randomized clinical trials are lacking
to evaluate better the relative risk of carotid restenosis in
patients treated with CAS as compared with those treated
with CEA (13). The inconsistent evidence for recurrent
stenosis after earlier carotid treatment with ongoing BMT
presents a difficult choice concerning reoperation. This
because repeated CEA significantly increases the incidence
of complications, as suggested by retrospective studies,
even if some conflicting conclusions about good outcomes
have also been reported (136,138). An additional concern
is that RCTs have not been performed for re-operative
CEA in patients with restenosis, but supposed benefits
due to surgery are indirect evidence from trials of primary
intervention at initial stenosis. Moreover, early recurrent
carotid lesions are typically smooth and linked with intimal
hyperplasia (41) with a minimal risk of thromboembolism.
According to guidelines, CAS was showed as the
treatment of choice in post-CEA restenosis when re-
intervention is deemed appropriate to avoid complications
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related to repeated CEA (139,140). However, a single-center
study (141) reported similar results with both techniques
even if patients in the CAS group had better outcomes in
terms of secondary restenosis; furthermore, all patients
were free from secondary restenosis at 4 years in the CAS
group compared to 72.5% in the redo CEA group. Also, a
meta-analysis including 13 studies with 4,163 patients with
post CEA restenosis demonstrated comparable results with
similar risks of periprocedural stroke, transient ischemic
attack (TTA), myocardial infarction (MI), and death in CAS
and CEA groups, with lower risks for new restenosis and
cranial nerve injury in patients treated with CAS (85). Thus,
the results consistently suggest that CAS is more beneficial
than repeated CEA in the setting of restenosis; indeed, the
guidelines of the American Heart Association (AHA) and
the Society of Vascular Surgery suggest CAS treatment of
post-CEA stenosis.

A systematic review involving 4,399 patients with carotid
restenosis who had undergone repeated carotid intervention
(surgery or stenting) following CEA reported no significant
difference in the perioperative (30 days) rates for mortality,
stroke, or TIA between CEA and CAS for carotid
restenosis. However, the risk of early and late complications
was low for both procedures. An increase in the incidence
of cranial nerve injury after repeated CEA compared with
that after undergoing CAS was reported, even though it
was transient and usually resolved within 3 months. On the
other hand, another study found that the risk of recurrent
stenosis was greater in CAS patients than in patients who
underwent repeated CEA (142).

Other authors have also reported a similar primary
endpoint of stroke and death for CAS and CEA (2.7% and
2.3% respectively) in patients treated for restenosis (479 CEA
and 653 CAS) (143), while still, other research has described
re-operative CEA outcomes, but these series were limited, or
the group samples were barely comparable (144-146).

Some patients that require a particular approach are
those with ISR after CAS, as no treatment guideline exists
for this condition, and physicians need to make decisions
using clinical judgment (132). Angioplasty with or without
restenting is commonly used in these patients. Angioplasty
is inferior to angioplasty with stenting in de-novo carotid
stenosis, but it was reported as a satisfactory treatment in
some case series in ISR even though its durability was short
and the restenosis risk was high (61,63,65). On the other
hand, because CAS is used as an alternative treatment in the
high-risk population, CEA is often not a treatment option
for ISR but may become a reasonable choice for patients
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without increased surgical risk (82). However, a double-
center study reported satisfactory results for patients treated
by carotid bypass (CB) for symptomatic high-grade ISR
after CAS. In this series performed on 13 patients, CB
(either with great saphenous vein or polytetrafluoroethylene
grafts), a 100% patency rate at a mean follow-up of
41.2+18.2 months with a minimal risk of transient cranial
nerve damage (7.7%) was reported (84).

According to a previously published experience with
CB after CEA failure (139), the authors decided to submit
patients to a more radical surgical solution by performing
a complete exclusion of the diseased carotid wall after stent
removal (84).

A few additional studies have directly compared CAS and
surgical treatment for ISR (147), with the authors reporting
no significant difference in 1-year outcomes between the
two groups.

Moreover, the current incidence rates of stroke and
complications in patients with carotid stenosis are derived
from dated epidemiological studies. Due to rapidly changing
guidelines and updated BMTs, the actual incidence rates are
hardly comparable to those of the past. This discrepancy
makes conducting updated RC'Ts mandatory for determining
whether these patients should be treated and which treatment
should be performed in a specific scenario.

Conclusions

"The selection of the patients by anatomic factors related to neck
or vascularization or some clinical variables such as risk factors
and or comorbidities could help develop risk stratification
tools that indicate the most efficacious secondary intervention
for carotid revascularization. Moreover, due to the number of
treatments available such as BM'T, CEA, angioplasty, angioplasty
with stenting, and the possibility to redo each of these
procedures more times, the selection of patients and procedure
presents an even more significant challenge.

Because RCTs and level 1 evidence are not available for
restenosis treatment, the identification of patients at an
increased risk of restenosis is essential for optimizing the
selection of patients and procedures for the most durable
intervention, for developing the best therapy management,
and for establishing a careful strategy for post-procedural
clinical and imaging surveillance.
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