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Abstract

The current literature indicates carotid endarterectomy (CEA) as the preferred treatment for symptomatic, moderate to severe
carotid artery stenosis. However, recommendations for the management of acute tandem stenosis and complete occlusion, as well
as postintervention restenosis of the carotid artery, remain controversial. Here, we review the literature evaluating these condi-
tions and provide suggestions for clinical decision-making. Acute tandem stenosis or occlusion of the common and internal
carotid arteries may be treated with angioplasty alone, reserving carotid artery stenting (CAS) or CEA for severe and complex
cases. Patients who underwent CEA and developed ipsilateral restenosis may be subjected to angioplasty followed by CAS,
which carries a lower risk of cranial nerve injury and subsequent restenosis of the artery. For post-CAS restenosis, current
evidence recommends angioplasty and CAS for the management of moderate stenosis and CEA for severe stenosis of the carotid
artery. Given the lack of level 1 evidence for the management of these conditions, the abovementioned recommendations may
assist clinical decision-making; however, each case and its unique risks and benefits need to be assessed individually. Future
studies evaluating and defining the risks and benefits of specific treatment strategies, such as CEA and CAS, in patients with
acute tandem stenosis, occlusion, and postintervention restenosis of the carotid artery need to be conducted.
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Introduction buildup of atherosclerotic plaques inside the arterial wall, which

may reduce blood flow to the brain, especially in moderate (50—
Carotid artery stenosis remains an unresolved medical problem 69%) and severe (70-99%) stenosis of the common or internal
with a substantial socioeconomic impact. It affects approximate-  carotid arteries. Several clinical trials have evaluated and com-
ly 10% of the general population by the eighth decade of lifeand ~ pared different treatment strategies for this condition, including
is the underlying cause of stroke in approximately 10% of all ~ carotid endarterectomy (CEA) and carotid artery stenting (CAS).
ischemic events [1, 2]. Carotid artery disease is caused by a  Results of these trials are relatively consistent, and it is generally
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well accepted that, unless general anesthesia is contraindicated
secondary to the patients’ comorbidities or frailty, CEA is pre-
ferred over CAS [2, 3]. This conclusion was made based on
clinical studies evaluating de novo carotid artery disease, without
including patients presenting with either complete artery occlu-
sion or restenosis after successful primary intervention (CEA or
CAS). Thus, there is a lack of consensus among treating physi-
cians for the management of patients with complete vessel oc-
clusion or restenosis. Recently, various prospective and retro-
spective clinical studies were conducted, with the aim of identi-
fying ideal treatment strategies for these special conditions.

The purpose of this current article is to review treatment
strategies of carotid artery disease, particularly CEA and CAS,
in the setting of de novo artery stenosis but also in the setting
of acute tandem stenosis, complete artery occlusion, and post-
intervention restenosis.

Pathophysiology of Carotid Artery Stenosis

The common carotid artery bifurcation is the most common
location in the cerebral vascular system for stenosis secondary
to atherosclerosis, normally with an hourglass configuration.
The atherosclerosis is believed to be caused by entry of low-
density lipoprotein (LDL) particles into the subintimal space
followed by migration of inflammatory cells, such as mono-
cytes [4, 5]. The atherosclerotic plaque is comprised of a fi-
brous cap composed of vascular smooth muscle cells embed-
ded in a matrix of collagen fibers and a core that is rich in
cellular debris and cholesterol crystals. Factors influencing the
morphology and progression of atherosclerotic plaques in-
clude hypertension, dyslipidemia, diabetes mellitus, and
smoking. Restenosis can occur after initial removal of the
plaque by CEA. The pathogenesis of early carotid restenosis
involves an inflammatory reaction leading to the formation of
a plaque composed of fibroblasts and smooth muscle cells, a
phenomenon known as myointimal hyperplasia [6]. Late ca-
rotid restenosis is mainly attributed to recurrence and/or pro-
gression of carotid atherosclerotic disease, which is similar to
the initial disease process [7]. Similar to post-CEA restenosis,
myointimal hyperplasia and recurrent atherosclerosis have
been identified as the major mechanisms of in-stent restenosis
[4, 7-9]. In addition to reduction in vessel diameter, formation
of'a superimposed thrombus or rupture of the plaque can occur
resulting in further vessel narrowing. Thus, the underlying
mechanism of stroke may be embolic, thrombotic, or second-
ary to low flow with inadequate collateral compensation [5,
10, 11]. Presentation of carotid artery disease includes tran-
sient ischemic attack (TIA) and stroke. TIAs may be due to
either low flow or emboli. Low-flow type TIAs are usually
short in duration with multiple similar episodes [5]. These
symptoms are ‘“warning signs” of acute stroke. In comparison,

embolic TIAs usually cause single yet prolonged episodes of
transient neurological deficits.

In the past, risk stratification of patients with carotid artery
disease was accomplished by measuring the degree of carotid
stenosis. However, with recent improvements of vascular im-
aging techniques, radiological risk factors have gained much
attention, specifically for risk stratification of patients [12, 13].
These imaging features include intraplaque hemorrhage,
plaque ulceration, plaque neovascularity, fibrous cap thick-
ness, and the presence of a lipid-rich necrotic core [12].
Using these imaging features in clinical practice is the focus
of ongoing and future studies.

At the time when most carotid endarterectomy trials were
conducted (late 1980s to mid 1990s), the medical therapy of
choice for carotid artery stenosis was considered to be the
antiplatelet agent aspirin. Since then, combination therapies
have emerged and proven successful, including antiplatelet
medications combined with statins and antihypertensive med-
ications. Dual antiplatelet treatment was found to be effective
for prevention of recurrent stroke [14, 15]. Furthermore,
phosphodiesterase-3 inhibitors such as cilostazol have been
associated with a favorable outcome in patients with carotid
artery in-stent restenosis [16].

Treatment Recommendations
for Symptomatic De Novo Carotid Stenosis

In 2011, the American Heart Association/American
Stroke Association (AHA/ASA) released guidelines for
the treatment of symptomatic carotid artery stenosis [2].
The recommendations read as follows: “For patients
who suffered a transient ischemic attack (TIA) or ische-
mic stroke within the past 6 months, and ipsilateral
moderate to severe (50-99%) carotid artery stenosis
has been diagnosed by noninvasive imaging, CEA is
recommended if the perioperative morbidity and mortal-
ity risk is estimated to be less than 6%. However, if the
degree of carotid stenosis is less than 50%, neither CEA
nor CAS are recommended (Class III; Level of
Evidence A).” If revascularization is indicated for pa-
tients who suffered a TIA or a minor, nondisabling is-
chemic stroke, it is reasonable to perform the procedure
within 2 weeks of the index event as long as no con-
traindications exist for an early revascularization. CAS
is indicated as an alternative to CEA for patients with
symptomatic carotid artery stenosis, who present with
anatomic or medical conditions, which greatly increase
the risk for surgery; or when other specific circum-
stances exist such as radiation-induced stenosis or reste-
nosis after prior CEA [2, 3]. U.S. physicians have
followed these general guidelines and no significant
changes or additions have been made to the AHA/
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ASA recommendations in recent years. In fact, the num-
ber of clinical studies evaluating treatment modalities
for symptomatic carotid artery stenosis has significantly
decreased after the release of the AHA/ASA recommen-
dations in 2011.

Several guidelines for the treatment of symptomatic
carotid artery stenosis have been made outside the USA;
however, the major conclusions are compatible with the
AHA/ASA recommendations, as demonstrated by
Abbott et al. [1]. Specifically, 31 of 33 international
guidelines (94%) for the treatment of symptomatic ca-
rotid artery stenosis recommended CEA for patients
with moderate to severe stenosis (50-99%) as the pre-
ferred treatment modality. Furthermore, 19 guidelines
(58%) endorsed CAS, whereas 9 (27%) opposed CAS
as suitable therapy for symptomatic carotid artery steno-
sis. These international guidelines were based on clini-
cal trials conducted 12 to 34 years ago, which according
to the authors rarely reflected clinical improvements in
patients and oftentimes understated potential risks and
hazards associated with CAS. Thus, CAS has oftentimes
been reserved for high-risk patients who did not seem
suitable to undergo general anesthesia needed for CEA
[1]. The feasibility of CAS for carotid artery stenosis in
patients with increased surgical risks was adopted by
the Centers for Medicare and Medicaid Services after
reviewing results of large CAS studies, such as the
SAPPHIRE (Stenting and Angioplasty with Protection
in Patients at High Risk for Endarterectomy) trial,
which demonstrated that among patients with advanced
carotid artery stenosis and preexisting high-risk surgical
comorbidities, CAS was not inferior to CEA. In fact,
patients who underwent CAS required significantly few-
er revascularization procedures within 1 year of the ini-
tial treatment [17]. While CAS has been frequently cho-
sen as the treatment modality for patients deemed to be
at high risk for CEA, it still needs to be determined
whether CAS is indeed safer than CEA in these specific
circumstances. Previous studies have suggested that in
asymptomatic high-risk CEA patients, CEA and CAS
carry similar incidences for stroke, myocardial infarction
(MI), and death; however, in symptomatic high-risk
CEA patients, CAS was actually found to carry higher
periprocedural risks [18, 19].

Most clinical society recommendations are either based
on randomized control trials, case series, or expert opin-
ions and may not reflect real-world scenarios where clini-
cians are often faced with challenging cases that are ex-
cluded in clinical trials or not discussed in any society
guidelines. Hence, treatment for carotid artery disease
needs to be tailored to the particular patient’s needs in
view of the pathophysiology of the disease process that
is closely consistent with existing literature.

@ Springer

Developments and Controversies
Regarding Acute and Chronic Carotid Artery
Occlusions

Carotid artery occlusion is a completely different entity from
stenosis. The treatment rationales are different from the carot-
id stenosis. There are also significant differences between
acute and chronic carotid occlusion. Table 1 summarizes the
major studies of carotid occlusion including both acute and
chronic occlusion.

Acute Tandem Occlusion of the Carotid Artery

Acute tandem occlusion involving the proximal (cervical) in-
ternal carotid artery and concomitant thromboembolism in-
volving the distal (intracranial) internal carotid artery or the
ipsilateral middle cerebral artery occur in approximately 15%
of large-vessel ischemic stroke cases [31]. To date, the optimal
management of such acute tandem occlusions remains contro-
versial. Patients with acute tandem occlusions involving the
ipsilateral extra- and intracranial segments of the internal ca-
rotid artery or its main branches (middle cerebral artery) usu-
ally present with acute stroke symptoms secondary to intra-
cranial hypoperfusion. These patients frequently require in-
stant revascularization utilizing mechanical
thromboembolectomy techniques. Acute tandem occlusions
are usually treated with balloon angioplasty and stenting
followed by thromboembolectomy using an anterograde or
retrograde approach. Indeed, intracranial mechanical
thromboembolectomy followed by angioplasty and/or
stenting of the proximal occlusion, or vice versa, is frequently
applied [31, 32]. A recent meta-analysis demonstrated no sta-
tistically significant differences in successful revasculariza-
tion, neurological outcomes, mortality, and incidence of
symptomatic intracranial hemorrhage between patients treated
first with an extracranial or intracranial approach [33].
Furthermore, similar results between these two groups were
demonstrated for the procedure duration, rates of successful
revascularization, and procedure-related complications.
Another controversial issue regarding the management of
carotid artery acute tandem occlusion is whether angioplasty
alone is sufficient for an adequate treatment or whether angio-
plasty should be followed by CAS. The benefits and potential
risks of subjecting patients to CAS after angioplasty have not
yet been evaluated. The risk of intracranial hemorrhage asso-
ciated with dual antiplatelet treatment, which is the standard
treatment after stenting procedures, is an important concern in
patients who remain stenotic after completed angioplasty.
Indeed, the rate of symptomatic intracranial hemorrhage after
stenting of acute tandem occlusions was found to be approx-
imately 8%, which is higher than the risk associated with
mechanical thromboembolectomy [32]. Heck and Brown
demonstrated a significantly increased rate of intracerebral
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hemorrhages (22%) in stented patients, which the authors at-
tributed to the periprocedural loading dose of glycoprotein I1b/
[IIa receptor antagonist, abciximab [34].

The authors recommended balloon angioplasty of the
extra- and intracranial vessels in cases of acute tandem
occlusions and suggested stenting only for cases where
sufficient patency cannot be obtained in the acute set-
ting. In a recent meta-analysis, no statistically signifi-
cant differences in clinical outcome were seen between
patients subjected to extracranial stenting and
angioplasty-only approaches, although this interpretation
was limited due to the small sample size of patients
undergoing angioplasty alone (without stenting) [33].
Dual antiplatelet therapy as compared to mono antiplate-
let therapy has been shown to decrease the risk of TIA/
stroke after elective CAS as demonstrated in a recent
meta-analysis [35]. But no study to date has been con-
ducted to investigate the rate of acute stent occlusion
with mono versus dual antiplatelet therapy. Because
acute tandem occlusion may be complicated by acute
cerebral ischemia and dual antiplatelet therapy increases
the risk of hemorrhagic events, it is worthwhile to in-
vestigate the effectiveness of mono antiplatelet therapy
(clopidogrel versus aspirin versus newer generation an-
tiplatelet medications) following CAS in future clinical
trials.

Based on the abovementioned studies, stenting of
acute tandem occlusion following angioplasty should
be avoided or delayed, if not urgently required.
However, even if CAS can be avoided at the time of
thromboembolectomy, the risk for future strokes as a
consequence of the persistent carotid artery stenosis re-
mains and will need to be addressed as soon as safely
possible. Currently, delayed stenting is preferred by
most physicians, especially since CAS in the setting of
an acute stroke is associated with higher complication
rates. Carotid artery re-occlusion can occur rapidly and
may necessitate an emergent intervention [36]. Emergent
CEA can be performed in the same manner as elective
CEA in patients with progressive carotid stenosis.
Slawski et al. showed that emergent CEA had lower
rates of symptomatic intracerebral hemorrhage and mor-
tality than CAS [36]. The authors suggested that both
CEA and CAS should be considered in cases of life-
threatening acute tandem occlusion.

Considering the abovementioned studies, the following ap-
proach may be considered for the management of acute tan-
dem occlusion: first, attempt to perform an angioplasty or
direct aspiration to obtain cervical access, then perform intra-
cranial thromboembolectomy. Avoid stenting if possible and
use stents only for cases where sufficient patency cannot be
obtained in the acute setting. Emergent CEA should be used
for extracranial occlusions.

Acute Proximal Carotid Occlusion Without Intracranial
Involvement

Symptomatic occlusion of the proximal internal carotid artery
without the associated large-vessel involvement may have
variable presentations such as minor neurological deficits with
either mild or no visible cerebral perfusion abnormalities on
magnetic resonance imaging (MRI), acute onset of severe he-
modynamic ischemic symptoms with recurrent transient epi-
sodes, or progressive symptomatology. Clinical decision-
making regarding the appropriate treatment in these situations
remains quite challenging. Intravenous thrombolysis has a
low rate of recanalization. Thus, surgical or endovascular
treatment strategies are often required, which carry the risk
of distal embolic infarctions. The most effective and safe treat-
ment approach for acute occlusion of the internal carotid ar-
tery has not yet been identified. Clinical investigations evalu-
ating endovascular interventions for the treatment of acute
carotid artery occlusion have demonstrated variable recanali-
zation rates and patient outcomes [27, 30, 37-39].

In the largest case series to date, Jadhav et al. studied 107
patients with occlusion of the internal carotid artery who were
subjected to endovascular angioplasty/stenting [30]. The au-
thors demonstrated recanalization rates of 92%. Good clinical
outcomes were reported in 65% of all patients; however, sig-
nificant periprocedural risks and high rates of restenosis were
noted. The most common complication was distal emboliza-
tion, with rates as high as 22%, of which 16% required intra-
arterial treatment. The rate of significant restenosis (>70%)
was 15% at 1 year after the initial treatment. Reynolds et al.
reported their experience of seven consecutive patients with
extracranial occlusion of the internal carotid artery secondary
to cardiogenic embolisms, all of whom underwent emergent
surgical embolectomy with a 100% recanalization rate [28].
Furthermore, 71.4% of the patients had good clinical out-
comes and no evidence of distal embolic infarctions on imag-
ing. As demonstrated by studies evaluating the management
of de novo carotid artery stenosis, CEA is likely to produce a
better outcome with less chance of distal embolic infarct and a
high rate of recanalization.

A recent report has demonstrated promising results of
emergent CEA as a treatment option for acute carotid artery
occlusion [40]. Specifically, three patients who presented with
large acute strokes were radiographically confirmed to have
symptomatic extracranial internal carotid artery occlusive le-
sions without intracranial thromboembolic occlusions. All pa-
tients underwent emergent CEA and had relatively good clin-
ical outcomes with improved National Institutes of Health
Stroke Scale (NIHSS) and modified Rankin Scale (mRS)
scores. The possible benefit of emergent CEA has also been
demonstrated by Slawski at al. [36]. The authors suggested
that emergent CEA for acute tandem carotid occlusion has a
smaller risk of symptomatic ICH when compared with CAS in
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the setting of acute stroke after endovascular embolectomy for
intracranial large-vessel occlusion. However, multicenter ran-
domized comparison studies are needed to prove the superi-
ority of emergent CEA over CAS in the setting of acute ex-
tracranial carotid occlusion.

Chronic Carotid Artery Occlusion

Chronic internal carotid artery occlusion (CICAOQ) is an im-
portant cause of transient ischemic attacks and cerebral infarc-
tion. When effective compensatory collateral circulation ex-
ists, these patients may be asymptomatic and have a benign
prognosis. However, if the cerebral vascular reserve is dimin-
ished or when collateral blood flow is insufficient to meet the
intracerebral demand, transient ischemic symptoms may de-
velop or embolic infarction can occur, usually originating
from the distal internal carotid artery [41]. CICAO causes
approximately 10% of transient ischemic attacks and 15 to
25% of ischemic strokes within the anterior cerebral circula-
tion [23, 42]. The prognosis for symptomatic CICAO is poor
and treatment is required according to prior investigations
[43]. Revascularization with superficial temporal artery to
middle cerebral artery (STA-MCA) bypass was tested with
high expectation of good clinical outcomes; however, high
perioperative stroke rates seen in patients included in the
Carotid Occlusion Surgery Study (COSS) prevented bypass
surgery from being used routinely [44]. Accordingly, the 2011
AHA/ASA guideline for preventing stroke did not recom-
mend STA-MCA bypass surgery for stroke prophylaxis in
asymptomatic CICAO [2]. However, in the 2014 update of
the AHA/ASA guideline, this procedure was recommended
for patients with CICAO and neurological symptoms lasting
for more than 6 months [45]. The Japanese external carotid to
internal carotid (EC-IC) bypass trial (JET study) showed
promising preliminary findings, but the final results have yet
to be published [44].

With suboptimal efficacy of bypass surgery, direct revas-
cularization has also been studied as an alternative treatment
approach for CICAO. As mentioned above, CEA is a well-
established method for the treatment of internal carotid artery
occlusion and may also be performed in patients with retro-
grade filling to the skull base [46]. However, in the setting of a
chronic occlusion, CEA remains a technically challenging
procedure. Thompson et al. demonstrated successful recanali-
zation in only 41% of 118 patients undergoing CEA for chron-
ic CICAO [47]. Therefore, based on available literature, nei-
ther arterial bypass surgery nor CEA should be recommended
for stable chronic carotid occlusion.

Endovascular treatment was also evaluated as a possible
option for CICAO treatment; however, similar to CEA, tech-
nical challenges were encountered. Lin et al. reported a revas-
cularization rate of 65% in a series of 54 patients [21]. Chen
et al. showed a technical success rate of 61.6% in 138
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consecutive patients with CICAO [48]. A nontapered stump,
distal internal carotid artery reconstitution via contralateral
injection, and distal internal carotid artery reconstitution at
communicating or ophthalmic segments were identified as
independent negative predictors of technical success during
endovascular recanalization. A prominent drawback of intra-
vascular interventional therapy is that the thrombus may dis-
lodge and enter the circulation during the procedure causing
complete occlusion of distal intracranial vessels.

Hybrid surgery incorporates performing a CEA first,
followed by endovascular manipulation. The endovascular
intervention can be done under direct view of the occlusion
through the arteriotomy or as a regular endovascular interven-
tion after the arteriotomy has been closed [26, 49]. As indicat-
ed by Shih et al. hybrid surgery has several advantages over
endovascular treatment alone [25]. The hybrid technique al-
lows for insertion of the endovascular catheter/sheath into the
true lumen with direct visualization, possibly saving operating
time otherwise spent on attempting blind recanalization in the
occluded segment. Creation of an artificial stump during sur-
gical CEA facilitates wire passing through the distal occlusion
site during the endovascular intervention [26, 49]. Hybrid sur-
gery also allows for avoidance of distal embolic strokes given
that antegrade blood flow is hindered by clamping of the com-
mon carotid artery. Indeed, the incidence of distal embolic
infarction is negligible as demonstrated by Li et al. [49]. The
same study demonstrated significantly higher rates of com-
plete recanalization when utilizing a hybrid approach as com-
pared to regular endovascular interventions alone [49]. A lim-
iting factor for the hybrid technique is the level of the distal
internal cerebral artery reconstitution. It has been shown that
recanalization success rates are lower if the reconstitution oc-
curs at the level of the communicating or ophthalmic segments
of the distal internal cerebral artery (ICA) [48, 49].

Developments and Controversies
Regarding Restenosis After Initial Treatment

Restenosis remains an important complication after CEA and
CAS. Current treatment recommendations are not as clear as
those for de novo stenosis. Table 2 summarizes the major
studies examining restenosis after CEA and CAS.

In-Stent Restenosis

Similar to post-CEA restenosis, myointimal hyperplasia
and recurrent arthrosclerosis have been identified as the
major mechanisms of this occurrence [7-9]. Restenosis
was also associated with a fourfold increase in the risk
of stroke in the Carotid Revascularization
Endarterectomy versus Stenting Trial (CREST) [62].
Specifically, the incidences of restenosis of 70% or



467

Transl. Stroke Res. (2019) 10:460-474

dnoi3 gyD oy ur |
‘dnoa3 v ayy ur suonjedrjduod

syuowr G¢ [ea13oj01nau 4 sdnoi3 yoq oy ur VHD 10J SYHUOW +¢°G8 SILIOS [6s] 0102
JO UBIpO]N (skep (¢) Aentow aanerddouod ON  SVD [ Pue VD Opar §¢ SA SYD) 10J SIUOW |G vViaD ased aanoadsonoy gL “Te 39 "N yesmy
SVD 10} %0 s
VAD 10§ %y sem Amlur NO
dnoi3 o1 ur syjeap o ] ON
sypuowt ¢¢ SVD Ul %1 pue VgD ut SoLIAS [L] o102
Jo ued\ 9% ¢ 21oMm sorel ajons dAneIddondd SVD 0271 VAD 0pa1 gL V/N vaD oseo oAnadsonay 76l 1B 10 'Y euleynqy
9% €6 Sem el 9d1J-OoNS A ‘SIBdA G Iy
SI3A { pue 7 Je Sayons e[ ¢
sars[ed QAIOU JUSIINOAI JUSISULT) vVaD SOLIOS [86] L10T
s1eak ¢ 7 pue Asjed oA1oU [e1oR] JUAISURT) | ssedAq pnore) sypuowr ¢ pue SyD ose0 9A10adsonoy 99 “e 30 "D Peunun]
JI90UBD [B1021 JO PAIp SALIOS [Ls]
syuowl g7 juaned | ‘suonedrdwod 9,0¢ vaD V/N SVD oseo aAnadsonay 0] L10T “Te 1 1 nx
pouad dn-mojjoj Sutmp
sy SUOSEAI [89130[0INSU-UOU
Juow 7’1y Jo paip syuoned ¢ SoLIds [9¢]
Jo uedj\ ‘e1SeydsAp JuoIsuen) yim seds U ssedAq pnore) sypuowt 7'81 F 6°8€ SVD oseo aAnoadsonoy ¢ L10T “Te 10 "1 ons
A1oAn
-00dsa1 ‘YD) SA YD SUIMO[[O] %6°] SA §'f Sem
yreap/avons aaneradouad ‘o,z | SA €7
sKep L9€ SV SeM el [IN ‘%t [ SA ' SeM SV SAVHD 9SeqEYR(] dATRHIU] [sslotoc
sAep [LE VAD Toye sAep (¢ WM joxs dane1adoisod SVD opalpue VHD V/N SVDO ApenQ Te[noses  Gy9 T8 19 ' 9spmyry
SISOUQ)SAI onewo}dwAs Ioyny
J0J 21padoxd puoods & paxnnbar VAD +VId 1
syuoned 1 s1edA  pue ¢ je AIo)e proied SVD+VId 6 SALIOS [#5]
V/N [exoye[isdr Jo suoOISN[990-21 onewoydwAs ¢ ouofe V1d ¥ V/N SVD oseo oAnoadsonay ] 9[0T <8 10 " UOON
sypuowr ¢ je parp yuaned suQ
dn-mofjoy Suump
sy SJUOAQ [RIPIBOOAW JO [BIISO[0INAU ON
-Juow 9°'9¢ Kyserdoi3ue 1aye sypuowr g¢ pue uoo[eq 3unnye-gnip SALIOS [es] ¥10T
JO uBoN G ‘1 1 syuaned ¢ Ul SISOU)S JUSLINOIY s Kserdorduy V/IN SVD ased aanoadsonoy 6 “Te 10y Ipuen)
sy JUSWIEAT} JOYE Sypuoul g
-Juowt /¢ [9sS9A SST U 03 [exyefisdr axons Jourw duQ uoo[[eq Sunnjo-3nip syuow ['Z] JO UBIPAW pue SOLISS [zsl zioz
JO ueol 981 0} £§ WOIJ paseardop sisoud)s dryderdorduy ym Aisejdorsuy SyIuowW §°()Z JO UBIN SVD ased oAnoadsonoy /£ “Ie 30 *d ISIOJUOIA]
sy suonuaAIul jeador
-Juowt G'9¢ juanbayy Sulmbar SST Juarmoax €W vaAD (sqpuowr GH—() SALIOS [1s] 110T
JO ueol pey syuoned 91 oyl Jo (%7 1€) S ‘g1 ut Kseidoidue uoojreqg sypuowr §°/ JO UBSA SVD ased aAnoadsonoy 9] “Te 30 Y seuoq
AjITelIow () ‘Sewojewoy Yoou ¢ SOLIOS [os] 110T
syuowl g “O30IS TWAYOST Jourw dAneIddoenur | vdD  (spuow [g—Q) syiuowr ¢'g| SVD 9seo oAnoddsonay ¢ “1e 19 *g uuBWIYOIY
SVDO
SAVAD
UONUSAISIUI 0) SYD/VAD Ioye
dn-mojjoq QwoonQ AyiTepour JuUel], XOpUI WOIJ SWIT) UBJJA]  SISOU)SIY us1soq N Apmg
SISOUQ)SAI A10)Ie PrIOIed JO SAIpmS g djqel

pringer

Qs



468

Transl. Stroke Res. (2019) 10:460-474

Follow-up

Outcome

Treatment modality

Mean time from index
CEA/CAS to intervention

Restenosis

after

Design

Table 2 (continued)

Study

@ Springer

CEAvs
CAS

Wound site and cardiac complication rates were

significantly higher in the CEA group
Stroke within 30 days: CEA 7/212; CAS 6/220

No difference in cranial nerve injury

CAS 254 days

212 redo CEA
220 CAS

N/A

CEA

432 Retrospective case

Fokkema M. et al.,

CEA 370 days

series

2014 [60]

was identified between redo CEA
and primary CEA (5.2 vs 4.7%)

23 (52.3%) redo CEA and  CN injury: CEA 3/23; CAS 0/21

Median of

39 months for CEA,

CEA

44 Retrospective case

Marques de Marino

61.5 mont-

hs
CEA 380 days

CAS 374 days

Stroke, MI, and death within

21 (47.7%) CAS

27 months for CAS

series

P.etal., 2016 [61]

30 days: 0 in both groups
CN injury: CEA 43/1047; CAS 0/1816

1047 (37%) CEA, 1816

N/A

CEA

2863 Vascular Quality

Arhuidese I. et al.,

Stroke within 30 days: CEA 20/1047; CAS 25/1816
MI within 30 days: CEA 15/1047; CAS 20/1816

(63%) CAS

Initiative database

2017 [9]

Death within 30 days: CEA 14/1047; CAS 11/1816

CAS, carotid artery stenting; CEA, carotid endarterectomy; CN, cranial nerve; ISS, in-stent stenosis; M/, myocardial infarction; N, number of patients; N/A, not available; PTA, percutaneous transluminal

angioplasty

more following CAS and CEA were similar, 6 versus
6.3%, respectively, at 2 years after the initial treatment.
Other studies have reported restenosis rates of 1.7 to
21% with a wide variation in follow-up and the thresh-
old of restenosis on imaging [63—66]. CAS after failed
CEA or after radiation therapy to the neck is associated
with high rates of in-stent stenosis [54]. Criteria for the
extent of in-stent stenosis are controversial and difficult
to standardize. This leads to difficulty in defining spe-
cific indications for treatment. Unlike de novo carotid
artery stenosis, no treatment guidelines exist for treating
in-stent stenosis. In current practice, physicians make
decisions using clinical judgment based on the extent
of stenosis, severity of symptoms, and the presence of
contralateral carotid artery stenosis or occlusion.
Currently, the most common treatment for in-stent ste-
nosis is angioplasty with or without restenting.
Angioplasty alone was found to be inferior to angioplas-
ty and stenting in de novo carotid stenosis. But for in-
stent restenosis, balloon angioplasty alone has been re-
ported to show satisfactory results in some case series
but with generally short durability and high rates of
restenosis [65, 67-69].

Since CAS is used as an alternative treatment for patients
with moderate carotid stenosis who are high-risk candidates
for surgical recanalization, CEA rarely becomes an option for
in-stent stenosis. However, for patients without increased sur-
gical risk, CEA may be a reasonable choice. Reichmann et al.
reported their case series consisting of 15 patients subjected to
CEA for the treatment of in-stent stenosis with removal of the
stent [50]. A successful recanalization rate of 100% was
reached. Only one patient suffered minor and recoverable
periprocedural neurological deficits. There was no restenosis
in any of these 15 patients at 21 months follow-up. Zhang
et al. reported a case series of 10 patients who underwent
CEA for in-stent stenosis with a recanalization rate of 100%,
a surgical complication rate of 30%, and a restenosis rate of
10% at 1 year follow-up [57].

Although few studies have directly compared surgical and
endovascular treatments for in-stent stenosis, Arhuidese et al.
have compared a total of 645 carotid artery interventions
(CEA 134 and redo CAS 511) in patients with prior ipsilateral
CAS [9]. The authors reported no statistically significant dif-
ference in perioperative and 1-year outcomes between the two
groups [9]. Generally, CEA is offered to patients who are more
severely ill since redo CAS resulted in a significantly higher
absolute mortality in this subgroup. It is difficult to provide
confident guidance regarding which approach is optimal, and
a randomized control study is needed to answer this important
question. Currently, a reasonable strategy would include an-
gioplasty and stenting for moderate stenosis, and CEA with
stent explantation for severe stenosis, especially in patients
with progressive disease.
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Post-CEA Restenosis

The published incidence of carotid artery restenosis (defined
as stenosis of greater than 50%) after an initial CEA is be-
tween 6 and 36% [70]. Early carotid restenosis is normally a
result of myointimal hyperplasia [6]. Late carotid restenosis is
believed to occur due to recurrence or progression of carotid
atherosclerotic disease [7]. According to the guidelines from
the AHA and Society of Vascular Surgery, post-CEA resteno-
sis was determined a contraindication for redo CEA and con-
sidered an indication for CAS [2, 3]. However, several studies
evaluating redo CEA in patients with post-CEA stenosis have
been conducted. Dorigo et al. reported a retrospective single
center matched case—control study of 148 patients comparing
CAS (80 cases) and redo CEA (68 cases) for post-CEA ste-
nosis [71]. After propensity matching, 32 CAS interventions
were matched with 32 redo CEAs. CAS and redo CEA in
patients with post-CEA restenosis provided similar perioper-
ative results in a sample of comparable patients. Furthermore,
CAS patients had better outcomes in terms of secondary re-
stenosis and the need for further redo interventions. Freedom
from secondary restenosis at 4 years was 100% in the CAS
group and 72.5% in the redo CEA group. A meta-analysis by
Texakalidis et al. including 13 studies totaling 4163 patients
with carotid artery restenosis after initial CEA demonstrated
similar risks of periprocedural stroke, TIA, MI, and death in
CAS and CEA [8]. Howeyver, patients treated with CAS had a
lower risk for a new restenosis and periprocedural cranial
nerve injury. Thus, there is consistent result of CAS being
more beneficial than redo CEA in the setting of restenosis
and redo intervention. This supports the guideline for CAS
treatment of post-CEA stenosis by the AHA and Society of
Vascular Surgery.

Complications Associated with CEA and CAS
Complications Associated with CEA

Based on the results of the CREST trial [72], there was a higher
risk of stroke within the periprocedural period after CAS (4.1%
following CAS versus 2.3% following CEA) and a higher risk of
MI after CEA (1.1% following CAS versus 2.3% following
CEA). A recent meta-analysis of 5 studies evaluating and com-
paring CEA and CAS, which included the CREST trial and
involved a total of 3901 patients (1585 subjected to CEA; 2316
subjected to CAS), demonstrated significantly increased risk of
stroke during the periprocedural period following CAS as com-
pared to those that underwent CEA (2.6% risk of stroke follow-
ing CAS and 1.3% following CEA) [73]. Interestingly, there was
no significant difference in the incidence of major debilitating
strokes between CAS and CEA (CAS 0.5%, CEA 0.3%).
However, there were significantly more minor strokes in the

CAS group when compared to CEA patients (CAS 2.2%; CEA
1.0%). This study also showed a higher rate of MI in the CEA
group, but no statistically significant difference was achieved
(CAS 0.7%; CEA 1.5%). In the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) [74], wound bleeding
after CEA occurred in 5.5% of all patients, making this a more
frequent complication than major stroke (2.1%) or MI (0.9%).
Indeed, the incidence of neck hematoma has been reported be-
tween 1.5 and 12% [75]. However, it is generally not associated
with an increased risk of stroke or death. Previous studies have
identified antiplatelet treatment with clopidogrel as a main risk
factor for postoperative neck hematoma [75, 76]. Other factors
associated with this complication were a reintervention and post-
operative arterial hypertension after CEA. In a recent prospective
case series, 188 consecutive patients on dual antiplatelet therapy
underwent CEA, and no hemorrhagic complications were ob-
served in this patient population [58].

Postoperative cranial nerve injury (CNI) remains a critical
complication of CEA occurring in 4.6 to 8.6% of cases [77].
CNI is most often transient and not disabling; permanent def-
icits lasting longer than 1 year are rare. The marginal mandib-
ular branch of the facial nerve was most frequently involved
(52%), followed by the hypoglossal (29%), the vagus (13%),
and the spinal accessory nerve (6%). The vast majority (94%)
of'these CNIs were transient in nature. The arteriotomy during
CEA can be closed primarily or with the use of a synthetic or
biologic patch. Early reviews showed that carotid patch an-
gioplasty may reduce the risk of perioperative arterial occlu-
sion, restenosis, and ipsilateral stroke [78]. However, more
recent studies showed no difference in clinical outcome re-
garding the rate of stroke and arterial occlusion [79-82]. In a
recent meta-analysis involving over 3000 patients, closure of
the arteriotomy with different patch materials showed no sta-
tistical significance in terms of short- and long-term outcomes
[83].

The incidence of cerebral hyperperfusion syndrome has
been reported as 1-3% [84—86], often presenting at first with
headache, followed by seizure and intracerebral hemorrhage.
Cerebral hyperperfusion syndrome usually occurs in severe
carotid stenosis (> 80% stenosis) and/or post-CEA for recent
cerebral infarction [87, 88]. High volume operator and high
hospital volume have been associated with decreased mortal-
ity and stroke after CEA and CAS indicating that aiming for a
high volume may reduce procedural complications [89].
Interestingly, a review of carotid artery disease management
showed that left-sided CEA is consistently associated with
higher postoperative adverse events. The etiology of these
side-specific adverse events is not well explained [90].

CAS-Associated Complications

The most common CAS-associated complications include
stroke, myocardial infarction, renal failure, and access-
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| Carotid artery disease |
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Restenosis
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Symptomatic carotid stenosis |

| Symptomatic carotid occlusion |

In-stent stenosis

| Post-CEA restenosis |

¥

1. CEA is recommended over CAS

2. CAS as an alternative for CEA in patients
with increased perioperative risk

—_

CAS is more beneficial
than redo CEA

. Angioplasty and stenting for
moderate stenosis

[S]

. CEA with stent explantation for

| Acute tandem occlusion |

Acute focal occlusion |

¥ ¥

1. Balloon angioplasty/stenting or direct 1. Endovascular angioplasty/stenting with
reasonable recanalization rate, but with
high rate of distal embolic infarct

2. CEA may be preferred over CAS (no
reported evidence to support this)

aspiration followed by intracranial
mechanical thrombectomy

2. Avoid stenting if possible and use stents only
for cases where sufficient patency cannot be
obtained in the acute setting.

. Emergent CEA preferred over CAS
extracranial occlusions

w

Fig. 1 Carotid artery disease treatment recommendations

related problems. Periprocedural stroke rates are higher
for CAS than CEA as mentioned above. Combined 30-
day stroke and mortality rates for CAS in randomized
trials are 6-9% for symptomatic patients and 2-4% for
asymptomatic patients [91-93]. Periprocedural strokes re-
lated to CAS may be due to stent thrombosis and/or
thromboembolism [94]. Stroke rates can be reduced with
perioperative treatment including dual antiplatelet therapy
(aspirin and clopidogrel), optimal intraoperative
anticoagulation, and possibly, use of embolic protection
devices. Periprocedural bradycardia and hypotension are
other common problems associated with CAS, occurring
in up to 68% of patients [95-97]. This is believed to be
secondary to carotid baroreceptor stimulation during infla-
tion of the poststent angioplasty balloon. Hypotension and
bradycardia are more prevalent in patients with contralat-
eral high-degree carotid artery stenosis. These symptoms
are usually self-limited and do not cause any major vas-
cular events but have resulted in longer hospital stays
[98]. Cerebral hyperperfusion syndrome is an uncommon
sequela following CAS, but its occurrence is otherwise
similar to the hyperperfusion syndrome in CEA patients
[99]. Periprocedural myocardial infarction rates following
CAS are 1-4% [72], lower than those seen in CEA. Renal
dysfunction following CAS is most likely due to contrast-
induced nephropathy and/or renal emboli; it is more com-
mon in patients with preexisting moderate-to-severe renal
insufficiency and diabetes. Access-related complications
include groin hematoma/bleeding, pseudoancurysm for-
mation, and atheroembolization to the lower extremities.
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severe stenosis

I Chronic carotid occlusion |

\ 4

. STA-MCA bypass surgery for stroke prophylaxis in
asymptomatic chronic internal carotid artery occlusion is
not recommended

]

. STA-MCA bypass for symptomatic chronic internal
carotid artery occlusion and failed medical management

3. Hybrid surgery combing endovascular and CEA may be
better over CEA or endovascular intervention alone

Approximately 3% of CAS patients develop access site
complications (hematoma) [100].

Conclusion

The current literature supports CEA as standard therapy for
symptomatic carotid artery stenosis. Treatment recommendations
are less clear for acute tandem carotid artery stenosis/occlusion.
Here, we have reviewed the literatures on these specific condi-
tions and attempted to provide suggestions for clinical decision-
making regarding treatment. For acute tandem occlusion of the
internal and common carotid arteries, angioplasty is suggested
for most cases, reserving CAS or CEA for severe or complicated
cases. For post-CEA restenosis, current literature suggests CAS,
while for poststenting restenosis, current evidence is lacking;
however, angioplasty and redo CAS for moderate stenosis and
CEA for severe stenosis might be a reasonable treatment ap-
proach (Fig. 1). Most clinical society recommendations are either
based on randomized control trials, case series, or expert opinions
and may not reflect real-world scenarios where clinicians are
often faced with challenging cases that are excluded in clinical
trials or not discussed in any society guidelines. Hence, treatment
for carotid artery disease needs to be tailored to the particular
patient’s need in view of pathophysiology of the disease process
that is closely consistent with existing literature. Future studies
evaluating and defining the risks and benefits of specific treat-
ment strategies, such as CEA and CAS, in patients with acute
tandem stenosis, occlusion, and postintervention restenosis of the
carotid artery need to be conducted.
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