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Abstract (288 words)
Aim: Despite the publication of various national/international guidelines, several
questions concerning the management of patients with asymptomatic (AsxCS) and
symptomatic (SXCS) carotid stenosis remain unanswered. The aim of this international,
multi-specialty, expert-based Delphi Consensus document was to address these issues to

help clinicians in making decisions when quidelines are unclear.

Methods: Fourteen controversial topics were identified. A 3-round Delphi Consensus
process was performed including 61 experts. The aim of Round 1 was to investigate the
differing views and opinions about these unresolved topics. In Round 2, clarifications
were asked from each participant on >1 question. In Round 3, the questionnaire was re-
sent to all participants for their final vote. Consensus was reached when >75% of experts
agreed on the preferred clinical response.

Results: Most experts agreed: (i) that the current periprocedural/in-hospital stroke/death

thresholds for performing a carotid intervention should be lowered from 6 to 4% in SXCS
and from 3 to 2% in AsxCS patients, (ii) that the time threshold for a patient being
considered “recently symptomatic” should be reduced from the current definition of “6

months” to 3 months or less, (iii) that 80-99% AsxCS carries a higher risk of stroke

compared with 60-79% AsxCS, (iv) that factors beyond the grade of stenosis and

symptoms should be included to the indications for revascularization (e.g., plaque

features of vulnerability and silent infarctions on brain CT scans), and, (v) that shunting
should be used selectively, rather than always or never. Consensus could not be reached

on the rest of the topics due to conflicting, inadequate, or controversial evidence.



Conclusions: The present international, multi-specialty expert-based Delphi Consensus
document attempted to provide responses to several unanswered/unresolved issues.
However, consensus could not be achieved on some topics, highlighting areas requiring

future research.

Keywords: Asymptomatic carotid stenosis, Delphi Consensus, stroke, transient ischemic

attack, symptomatic carotid stenosis



Introduction

In the last few years, several International Societies and Associations (e.g., the Society
for Vascular Surgery [SVS],%? the European Society for Vascular Surgery [ESVS],® the
European Stroke Organisation (ESO),* the American Heart Association/American Stroke
Association (AHA/ASA)® and others®) have released new, or have updated their earlier
guidelines and recommendations regarding the management of patients with symptomatic
(SXCS) and asymptomatic (AsxCS) carotid artery stenosis. Such Society Guidelines'® are
particularly useful because they guide everyday decision-making and clinical practice,
thus helping clinicians to optimize the management of their patients.

Despite the release of various guidelines and recommendations,'® several unanswered
and unresolved issues remain. There is a number of reasons to explain the persistence of
such unresolved issues, including the paucity of data, the lack of Level I Evidence (i.e.,
randomized controlled trials [RCTs]) to answer a particular question, or the publication
of controversial results in the literature. As a result, clinicians and patients may often face
situations in which the evidence to support a proposed intervention is sparse or doubtful.’
However, even if the evidence is insufficient for evidence-based guidelines, a Delphi-
based Trustworthy Consensus Statement can still be carried out.” It is expected that

groups of experts can provide recommendations within the context of uncertainty, even if

the evidence is considered insufficient.®

The aim of the present international, multi-specialty, expert-based Delphi Consensus
document was to address the various unresolved issues regarding the management of
patients with SXCS and AsxCS to help clinicians in their everyday decision-making. The

rationale of gathering experts from different specialties was to avoid “surgical bias” or



“interventional cardiologist/radiologist bias”. The objective was to produce

recommendations, considering the views and opinions of representative experts with

different areas of expertise involved in the management of patients with carotid stenosis.

Materials and Methods

An international, multi-specialty, expert-based Delphi Consensus document was prepared
in accordance with the Conducting and Reporting Delphi Studies (CREDES) Checklist.®
A total of 61 experts from the United States of America and Europe (Cyprus, France,
Germany, Greece, Hungary, Ireland, Italy, the Netherlands, Poland, Portugal, Russia,
Slovenia, and the United Kingdom) were invited to participate. Overall, 20 participants
were from the U.S.A. and 41 from Europe. All participants had at least 20 years of
relevant clinical experience in the management of patients with carotid artery stenosis
and proof of relevant academic expertise, as documented by relevant publications. The
experts included were Vascular Surgeons (n=35), Neurologists/Stroke Physicians (n=9),
Interventional Cardiologists (n=8), WVascular Specialists/Angiologists (n=7) and
Interventional Radiologists (n=2).

Following a search of the literature (PubMed/MedLine, Scopus and EMBASE) and
after receiving feedback from the Delphi Consensus participants, a questionnaire
consisting of 14 unresolved/unanswered questions was composed (Figure 1). A total of 3
Rounds were undertaken. The aim of Round 1 was to obtain a broad idea and to
investigate the differing views and opinions regarding the various identified unresolved
topics. In Round 2, clarifications were requested by the Delphi Consensus coordinator

(K.I.P.) on >1 question from individual participants when the answers provided were not
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clear enough or did not comply with the pre-specified standards. In Round 3, the
questionnaire was re-sent to all participants for their final vote. Consensus was reached
when >75% of experts agreed on the preferred response. All information was collected
anonymously. No Delphi Consensus participant was identified or was made aware of the
identity of the comments by the rest of the participants to avoid any potential bias. Only
the Delphi Consensus coordinator was aware of the identity of each participant’s
comments.

The first draft of the Delphi Consensus document was prepared by K.1.P. and was sent
to all participants for their feedback and comments. The manuscript was revised twice
based on the comments and suggestions of the Delphi participants. All participants
approved the final manuscript and provided their consent to proceed with its publication.
Any potential conflict of interest of each participant was declared and is listed at the end

of this manuscript.

Results
The responses of the 61 Delphi Consensus participants for each pre-identified topic are
presented, analyzed, and discussed below. All 61 participants provided answers to all 14
questions. When possible, the responses were in a pre-specified 7-answer format (Yes —
Probably Yes — Possibly Yes — Uncertain/Unknown/Unproven/No opinion — Possibly
No — Probably No — No). The response “Uncertain/Unknown/Unproven/No opinion”

included one or more of the following:
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a. the Consensus participant does not have a (definitive) opinion or does not have
enough experience about this question (e.g., a Neurologist may not know if the
best type of patch is Dacron, polytetrafluoroethylene [PTFE], or autologous vein),

b. the evidence supporting a particular question is controversial, conflicting, or
inadequate, or

c. there is no Level | evidence from RCTs to provide enough evidence, either to

support or to refute a particular question.

1. Should the periprocedural/in-hospital stroke/death thresholds for
performing carotid endarterectomy (CEA)/carotid artery stenting (CAS) in
SXCS (<6%) and AsxCS (<3%) patients be reduced to 4% for SxCS and to
2% for AsxCS patients, as proposed by the 2020 German-Austrian® and the

2021 ESO* guidelines?
Several studies and registries published after 2010 have demonstrated lower
perioperative/in-hospital stroke/death rates for patients undergoing CEA/CAS compared
with earlier studies. For example, a report of CEA (n=48,185) and CAS (n=4,602)
outcomes from 9 countries (Australia, Denmark, Finland, Norway, Sweden, Switzerland,
Hungary, Italy and the UK) demonstrated that the combined stroke and death rate was
0.9% in AsxCS and 2.3% in SXCS patients.'® In AsxCS patients, stroke/death rates were
0.5% in Italy, 0.9% in Australia, 1.6% in Switzerland and 1.8% in the UK.'° In contrast,
Norway (2.5%) and Sweden (2.7%) reported the highest stroke/death rates, but these
were still below the accepted threshold for intervention in AsxCS patients (<3%).%° In

contrast, for SXCS patients all countries reported death/stroke rates <4%, with Italy
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reporting the lowest (0.9%) and Norway the highest rates (3.8%).1° Similarly, another
registry from the UK presenting the outcomes of 23,235 recently SxCS patients
undergoing CEA, reported a combined 30-day stroke/death rate of 2.31% (95%
confidence interval [C1]: 2.11-2.50).1

An analysis of all elective CEAs (n=142,074) and CAS procedures (n=13,086) in
Germany between 2009 and 2014 demonstrated that the combined risk of in-hospital
periprocedural stroke or death for AsxCS patients was 1.4% for CEA and 1.7%, for
CAS.*? For SXCS patients, in-hospital the periprocedural stroke/death risk was 2.5% for
CEA and 3.7% for CAS.!? Based on these results, the 2020 German-Austrian® and
subsequently the 2021 ESO* guidelines lowered the threshold for in-hospital stroke/death
rates from 3 to 2% for AsxCS patients and from 6 to 4% for recently symptomatic
patients.

Most of the Delphi Consensus document participants (54 of 61; 88.6%) thought that

the periprocedural stroke/death thresholds for performing CEA/CAS in both SxCS and
AsxCS patients should be lowered from the current ones (Table 1). Due to improvements
in surgical and endovascular skills/techniques, these lower thresholds (2% for AsxCS and

4% for SXCS patients) probably represent more reasonable thresholds nowadays.

2. Are new ischemic brain lesions after CEA or CAS associated with long-term
cognitive impairment?

Several reports have indicated a high incidence of microemboli to the brain after both

CEA and CAS.*" Diffusion-weighted imaging (DWI) has been used to compare the

incidence of new ischemic lesions after CAS/CAS. A 2008 systematic review including
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32 studies (1,363 CAS; 754 CEA procedures) demonstrated that the incidence of any
DWI lesion was significantly higher after CAS than after CEA (37 vs. 10%, respectively;
p<0.01).!8 A >6-fold higher incidence of DWI lesions with CAS compared with CEA
was obtained in a meta-analysis focusing on studies that directly compared the incidence
of new DWI lesions after either CEA or CAS (odds ratio [OR]: 6.1; 95% CI. 4.19-8.87;
p<0.01).!8 The use of cerebral protection devices reduced the incidence of new ipsilateral
DWI lesions after CAS compared with non-use (33% vs. 45%, respectively; p<0.01).18
The use of closed-cell stents also reduced the incidence of DWI lesions after CAS
compared with open-cell designed stents (31% vs. 51%, respectively; p<0.01).28 Of
interest, a significantly higher incidence of new ipsilateral DWI lesions was demonstrated
in CEA procedures where shunt use was obligatory compared with selective shunt usage
(16% vs. 6%, respectively; p<0.01).18

Despite the higher number of new ischemic brain lesions after CAS than after CEA, a
substudy of the largest RCT comparing CAS with CEA in SxCS patients, the
International Carotid Stenting Study (ICSS), failed to show a difference in cognitive
function after the 2 procedures.'® Others have supported that ischemic brain lesions seen
on DWI after CAS may be a marker of increased risk for recurrent cerebrovascular
events.?’ It was suggested that patients with periprocedural DWI lesions might benefit
from more aggressive and prolonged antiplatelet therapy after CAS.?° Regarding the
novel TransCarotid Artery Revascularization (TCAR) procedure, there is some evidence

of fewer DWI lesions after TCAR compared with transfemoral CAS due to the reversal

of blood flow.?! It was suggested that TCAR provides cerebral embolic protection similar

to that seen with CEA.%!
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The uncertainty in the clinical significance of silent cerebral emboli after carotid
interventions is reflected in the responses of the Delphi Consensus participants (Table 2).
Notwithstanding a possible effect of new silent cerebral lesions after CEA/CAS/TCAR
on cognitive dysfunction, all necessary precautions (e.g., filters, cerebral protection

devices, and more recently, flow reversal) should be taken to ensure maximum protection

against silent ischemic brain lesions after carotid procedures.

3. Does severe AsxCS cause cognitive impairment and can carotid interventions
either reverse or prevent cognitive decline?
The association between AsxCS with cognitive impairment is a highly controversial
topic. Several studies have demonstrated a significant association between severe AsxCS
and progressive cognitive decline.???® A 2021 systematic review including 35 cross-
sectional and longitudinal studies demonstrated that >90% of studies (33/35) reported an
association between AsxCS and >1 test showing impaired cognitive function.?® However,
it was argued that a ‘significant association’ does not necessarily mean a ‘causal
relationship’.2® Several pathophysiological mechanisms were identified by which AsxCS
might cause cognitive impairment, including silent cerebral infarction, reduced
cerebrovascular reserve, involvement in the pathophysiology of white matter
hyperintensities or lacunar infarction, or via a combination of these methods.?
A more recent systematic review including 49 studies similarly demonstrated an
association between AsxCS and progressive cognitive deterioration.?” This systematic
review suggested that the most likely mechanisms involved in the cognitive decline

observed in AsxCS patients are probably cerebral hypoperfusion and/or silent cerebral
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embolization.?” Irrespective of the implicated pathomechanisms, it was concluded that
patients with severe AsxCS are at increased risk of developing a progressive decline in
several aspects of their cognitive function, including global cognition, memory and
executive function.?’

Whether or not carotid interventions can reverse any cognitive decline is another
controversial topic. Several studies have demonstrated a beneficial effect of CEA/CAS on
cognitive dysfunction, with some neurocognitive domains showing improvement post-
procedurally.?20 Other studies, however, have reported mixed results or no significant
change after either procedure.’3 A recent systematic review on the topic failed to
demonstrate convincing evidence supporting intervention in AsxXCS patients to
reverse/prevent cognitive decline.®* According to the 2023 ESVS carotid guidelines,®

carotid interventions are not recommended for the prevention or improvement of

cognitive impairment in AsxCS patients until new research clearly identifies AsxCS

patient subgroups at risk for developing cognitive impairment, which is then improved by
carotid interventions. The controversial results reported in the various studies in the
literature and the uncertainty about a possible effect of carotid interventions on cognitive
function in AsxCS patients are also reflected in the heterogeneity of the responses of the

Delphi Consensus participants (Table 3). Thus, the Delphi participants could not reach a

consensus on this topic.
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4. Is completion duplex ultrasound or angiography useful to lower the risk of
postoperative stroke after CEA?

The usefulness of completion duplex ultrasound or angiography in reducing the risk of
postoperative stroke after CEA is another controversial issue. A study from Germany
including 142,074 elective CEAs from 2009 to 2014 demonstrated an independent
association between lower risks of stroke/death with intraoperative completion studies by
duplex ultrasound (relative risk [RR]: 0.74; 95% CI: 0.63-0.88; p=0.001) or angiography
(RR: 0.80; 95% CI: 0.71-0.90; p<0.001).% In contrast, other studies argued against the
necessity of routine completion imaging, supporting that routine completion imaging
does not improve perioperative outcomes.®®3 Consequently, the 2022 SVS carotid
guidelines concluded that there is insufficient evidence to recommend routine use of
completion imaging after CEA.?

On the contrary, a recent systematic review and meta-analysis including 34 studies on
intraoperative completion studies following CEA using angiography (n=53,218),
intraoperative duplex ultrasound (n=20,020), flowmetry (n=16,812) and angioscopy
(n=2,291) reached opposite conclusions.®® This meta-analysis demonstrated that the
performance of completion angiography was associated with lower rates of stroke (RR:
0.47; 95% CI: 0.36-0.62; p<0.0001) and stroke or death (RR: 0.76; 95% CI: 0.70-0.83;
p<0.0001).%° Similarly, the performance of intraoperative completion duplex ultrasound
was associated with lower rates of stroke (RR: 0.56; 95% CI: 0.43-0.73; p<0.0001) and
stroke or death (RR: 0.83; 95% CI: 0.74-0.93; p=0.0018), whereas angioscopy showed a
significant association with lower stroke rates (RR: 0.48; 95% CI: 0.033-0.68; p=0.0001),

but had no effect on the combined stroke or death rate.3® Based largely on these results,
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the 2023 ESVS carotid guidelines recommended that for patients undergoing CEA,
intraoperative completion imaging with angiography, duplex ultrasound or angioscopy
should be considered in order to reduce the risk of perioperative stroke (Class lla; Level
of Evidence: B).2

Around 60% of the Delphi Consensus participants supported that completion imaging

(mainly in the form of duplex ultrasound) should definitely (29 of 61; 47.4%) or should

probably/possibly (8 of 61; 13.2%) be performed to check the results of CEA as it may be

useful to reduce the risk of stroke after CEA (Table 4).

5. Is dual antiplatelet therapy (DAPT) before and during CEA safe and
effective in decreasing perioperative thromboembolic complications?
Antiplatelet agents play a key role in the management of patients with AsxCS and SxCS.
Although there is no solid evidence to support a benefit of aspirin for AsxCS in terms of
reducing stroke rates, the U.S. Preventive Services Task Force recommends initiating
low-dose aspirin for primary prevention of cardiovascular disease (CVD) in adults aged
50-59 years who have a >10% 10-year CVD risk, are not at increased bleeding risk, have
a life expectancy of >10 years and are willing to take low-dose aspirin daily for >10
years.’ In contrast, for adults with a >10% 10-year CVD risk aged 60-69 years, the
decision to initiate low-dose aspirin should be individualized, whereas the evidence for
adults <50 or >70 years is insufficient.*
On the other hand, there is considerable evidence to support DAPT for secondary
stroke prevention. In the multicenter (n=114 center) randomized, double-blind, placebo-

controlled Clopidogrel in High-Risk Patients with Acute Nondisabling Cerebrovascular
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events (CHANCE) trial,*! 5170 patients were randomized to aspirin plus clopidogrel or
aspirin alone within 24h of a high-risk transient ischemic attack (TIA) or minor stroke. A
stroke occurred in 8.2% of patients in the aspirin + clopidogrel group, compared with
11.7% of patients who took aspirin alone (hazard ratio [HR]: 0.68; 95% CI: 0.57-0.81;
p<0.001).** Moderate or severe hemorrhage occurred in 7 patients (0.3%) in the
clopidogrel-aspirin group and 8 (0.3%) in the aspirin group (p=0.73), while the rate of
hemorrhagic stroke was 0.3% in each group.**

A meta-analysis including 8 RCTs (n=20,728 patients) comparing aspirin + clopidogrel
vs. aspirin or clopidogrel alone as secondary prevention of stroke or TIA of arterial
origin demonstrated that short-term (<3 months) combination therapy was associated
with a 31% reduction in the risk of stroke recurrence (RR: 0.69; 95% CI: 0.59-0.81;
p<0.01), without increasing the risk of hemorrhagic stroke (RR: 1.23; 95% CI: 0.50-3.04;
p=0.65) and major bleeding events (RR: 2.17; 95% CI: 0.18-25.71; p=0.54).*? These

RCTs, however, excluded patients that underwent carotid revascularization. Furthermore,

short-term combination therapy was associated with a significantly lower risk of major
vascular events (RR: 0.70; 95% CI: 0.69-0.82; p<0.01).#? In contrast, long-term (>1 year)
treatment with aspirin + clopidogrel did not decrease the risk of stroke recurrence (RR:
0.92; 95% CI: 0.83-1.03, p=0.15), but was associated with a significantly higher risk of
hemorrhagic stroke (RR: 1.67; 95% CI: 1.10-2.56; p=0.02) and major bleeding events
(RR: 1.90; 95% CI: 1.46-2.48; p<0.01).*? Additionally, long-term combination therapy
failed to reduce the risk of major vascular events (RR: 0.92; 95% CI. 0.84-1.03;

p=0.09).42
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A study including all patients who had undergone transfemoral CAS (n=18,570) or
TCAR (n=25,459) in the Vascular Quality Initiative database between 2016-2021
demonstrated that compared with DAPT, no antiplatelet therapy (RR: 2.0; 95% CI: 1.2-
3.3) or aspirin monotherapy (RR: 2.2; 95% CI. 1.5-3.1) were associated with higher
stroke/death rates after transfemoral CAS/TCAR and should be discouraged as unsafe
practice.** On the other hand, P2Y12 inhibitor monotherapy (e.g., clopidogrel,
ticlopidine, ticagrelor or prasugrel) was associated with similar rates of stroke/death
compared with DAPT with aspirin plus P2Y12 inhibitor (for TCAR, RR: 0.98; 95% CI:
0.54-1.8; for transfemoral CAS, RR: 0.99; 95% CI: 0.58-1.7).%3

Although DAPT seems beneficial over antiplatelet monotherapy for patients
undergoing transfemoral CAS or TCAR, this may not apply to patients undergoing CEA.
A recent systematic review and meta-analysis of perioperative outcomes of CEA on
DAPT vs. aspirin monotherapy (n=11 studies; 47,411 patients; 14,345 on DAPT; 33,066
receiving only aspirin) demonstrated no difference in the rates of perioperative stroke
(OR: 0.87; 95% CI: 0.72-1.05) and TIA (OR: 0.78; 95% CI: 0.52-1.17) in the DAPT
compared with the aspirin monotherapy group.** However, DAPT was associated with a
nearly 2.8-fold increased risk of neck hematoma (OR: 2.79; 95% CI: 1.87-4.18) and a
nearly 2-fold increased risk of reoperation for bleeding (OR: 1.98; 05% CI: 1.77-2.23)
compared with aspirin monotherapy.** The authors concluded that “this suggests that the
risks of performing CEA on DAPT outweigh the benefits, even in patients with
symptomatic carotid stenosis”.** These results were verified in other large independent

studies.*>*6 A national reqgistry analysis including >12,000 patients with AsxCS/SxCS

undergoing CEA showed that the effectiveness and safety of DAPT did not differ from
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those of single antiplatelet therapy.*’ It was concluded that DAPT should be started

immediately after a cerebrovascular event and should be continued until 30 days after

47

CEA, followed by single antiplatelet therapy.”” Along the same lines, a recent

international, multispecialty, expert review and position statement concluded that a short
course (<3 months) of DAPT should be initiated within 24h of a cerebrovascular event in
patients with carotid artery stenosis to reduce the risk of recurrent events.*® A similar
recommendation was provided in the 2021 AHA/ASA Guidelines.® In patients
undergoing TCAR or transfemoral CAS, patients should continue with DAPT for 1
month after which a P2Y 12 inhibitor monotherapy should be continued.*®

As a result of the conflicting data from the literature, a consensus on this topic could

not be reached among the Delphi participants (Table 5).

6. Is carotid restenosis after CEA a contra-indication for re-do CEA and (if
revascularization is necessary) an indication for CAS?

Due to conflicting data from multicentre RCTs,*-! the optimal management of restenosis
after CEA is another controversial topic. Some RCTs (e.g., the Carotid and Vertebral
Artery Transluminal Angioplasty Study [CAVATAS]*® and the Stent-Protected
Angioplasty versus Carotid Endarterectomy [SPACE]® study) reported higher incidence
of restenosis after endovascular treatment compared with CEA. However, this did not
translate into a higher incidence of recurrent ipsilateral cerebrovascular events. In
contrast, the Carotid Revascularization Endarterectomy versus Stenting Trial (CREST)
reported a similar incidence of restenosis after CAS and CEA (6.0 vs. 6.3%, respectively;

HR: 0.90; 95% ClI: 0.63-1.29; p=0.58).%*
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Data from population-based studies demonstrate similar stroke/death rates between re-
do CEA and CAS after prior ipsilateral CEA.>>% However, re-do CEA carries a higher
stroke/death/myocardial infarction risk for both SXCS and AsxCS patients compared with
patients undergoing primary CEA.%? Furthermore, re-do CEA may be associated with
higher mortality rates compared with CAS, especially in patients with multiple
comorbidities.>

A 2017 meta-analysis including prospective data from 11 RCTs demonstrated that the
weighted incidence of >70% restenosis was 5.8% after CEA (11 RCTs; 4,249 patients)
and 10% after CAS (5 RCTs; 2,716 patients).>* However, CAS patients with untreated
AsxCS >70% restenosis had a mere 0.8% late ipsilateral stroke rate over 50 months of
follow-up.®* In contrast, over a mean follow-up of 37 months, 13 of 141 CEA patients

with >70% restenosis or occlusion suffered a late ipsilateral stroke compared with 33 of

2,669 patients who did not have a >70% restenosis or occlusion (9.2 vs. 1.2%,
respectively; OR: 9.02; 95% CI: 4.70-17.28; p<0.0001).>* Another individual patient-data
meta-analysis including 1,132 restenosis patients treated in 13 studies (653 patients
treated by CAS; 479 patients treated by CEA) demonstrated similar perioperative
stroke/death rates with the 2 procedures (2.3 vs. 2.7%, respectively; adjusted OR: 0.8;
95% Cl: 0.4-1.8).% However, re-do CEA was associated with a 5.5% risk of cranial nerve
injury.>®

The 2023 ESVS Guidelines recommended that for CEA patients with an asymptomatic
70-99% restenosis, reintervention may be considered following a multidisciplinary team
review (Class 1Ib; Level of Evidence: A).®> According to the 2022 SVS carotid

guidelines,? early recurrent stenosis after CEA can be managed conservatively unless it is
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symptomatic, progressive or causes >80% luminal stenosis. In contrast, late recurrent
stenosis after CEA should be considered for reintervention with similar parameters as
primary CEA in both symptomatic and asymptomatic cases.? Reintervention for recurrent
stenosis after CEA can involve either redo CEA or CAS, based on the individual patient,
clinical scenario, and relevant anatomy.?

The responses of the Delphi Consensus participants are presented in Table 6.

Approximately half of the participants (29 of 61; 47.6%) did not think that carotid

restenosis is an absolute contraindication for re-do CEA . However, they advised that in
patients with recurrent carotid stenosis, CAS may be preferable due to the increased rates
of cranial nerve injury and the presence of neck scarring (“hostile neck™). CAS in these
patients appears to be a more attractive option and may thus be preferable in most

patients requiring a re-intervention.

7. Can TCAR be performed safely in the first 7-14 days after symptom onset

with procedural risks similar to CEA?

TCAR has quickly gained ground as a hybrid revascularization technique combining the
benefits of transfemoral CAS (less invasive nature, avoidance of cranial nerve injury) and
at the same time avoiding many of CAS drawbacks (e.g., avoidance of aortic arch).5562 A
recent report showed that TCAR is increasingly performed in the U.S. over the last years
and has surpassed transfemoral CAS.% Several reports have demonstrated that TCAR is
associated with similar stroke/death rates with CEA in both symptomatic and
asymptomatic patients.>’2 However, TCAR has the advantage of avoiding cranial nerve

injuries and is associated with a lower risk of postoperative M1 compared with CEA.5%8
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Furthermore, TCAR is associated with lower stroke/death rates compared with
transfemoral CAS.%2

All current guidelines (i.e., the 2021 AHA/ASA,® the 2022 SVS,*? the 2023 ESVS,? the
2021 ESO* and the German-Austrian® guidelines) provide a strong recommendation for
CEA in patients with carotid stenosis within 14 days of a neurologic event (TIA or minor
stroke). A recent article used data from the SVS Vascular Quality Initiative database
between January 2016 and December 2020 to compare 30-day outcomes of symptomatic
patients who had undergone TCAR (n=1,282) or CEA (n=13,249) within 14 days of a
stroke or TIA.%® After 1:1 propensity matching, 728 pairs were included for analysis.%®
The primary composite outcome of stroke, death or MI was more frequent in patients
undergoing TCAR compared with CEA (4.7 vs. 2.6%, respectively; p=0.04). This was
driven by a higher rate of postoperative ipsilateral stroke in the TCAR compared with the
CEA group (3.8 vs. 1.8%, respectively; p=0.005), whereas no differences were found in
terms of death (0.7 vs. 0.8%, respectively; p=0.8) or MI (0.8 vs. 1%, respectively; p=0.7).
Furthermore, performing TCAR within 48h of a stroke episode was an independent
predictor of postoperative stroke or TIA (OR 5.4; 95% CI: 1.8-16). However, this
increased risk of postoperative stroke or TIA was not found when performing TCAR
within 48 hours of a TIA episode.®® Verification of these preliminary results in larger
studies is necessary before any definite conclusions can be drawn.

The responses of the 61 experts regarding the suitability of TCAR to be performed

within 7-14 days of a recent cerebrovascular event are shown in Table 7. Approximately

half of the Delphi participants (32 of 61; 52.5%) voted that it is not yet

known/certain/proven if TCAR can be performed safely in the first 7-14h after symptom
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onset with procedural risks similar to CEA. This is an area that requires additional

research.

8. Should the time threshold for a patient being defined as ‘recently

symptomatic’ be reduced from the current definition of ‘6 months’?

Early RCTs recruiting “recently symptomatic patients”, like the European Carotid
Surgery Trial (ECST)® or the North American Symptomatic Carotid Endarterectomy
Trial (NASCET),®® defined “recently symptomatic” patients as those having suffered an
ipsilateral TIA or non-disabling stroke within 180 days before study entry. A pooled data
analysis from the ECST and NASCET, however, demonstrated that the benefit from
surgery was greatest in men, patients >75 years and those randomized within 2 weeks
after their last ischemic event, and it fell rapidly with increasing delay.®® As a result, all
current guidelines strongly recommend CEA within 2 weeks of a recent cerebrovascular
event (TIA or minor stroke).>® This suggests that the definition of “recently symptomatic
patients” as those having suffered a cerebrovascular event within the last 180 days may
be inappropriate.

The responses of the 61 Delphi Consensus participants can be seen in Table 8. Overall,

>80% of the study participants (50 of 61; 82.0%) thought that the time threshold for
patients to be defined as “recently symptomatic” should be reduced from the current

definition of “6 months”. Of those, 31/50 participants (62.0%) responded that the

‘recently symptomatic’ period should be reduced to 3 months and another 8/50 (16.0%)

thought that it should be reduced to ‘4 weeks/1 month’. The remaining 11/50 (22.0%)
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participants did not have a strong opinion about what the time threshold for a patient

being defined as “recently symptomatic” should be reduced to.

9. Is local/regional anesthesia better than general anesthesia in patients
undergoing CEA?

Some surgeons are more comfortable performing CEA under general anesthesia, whereas
others prefer local/regional anesthesia to be able to interact with the patient. The General
versus Local Anaesthesia (GALA) trial was a multicentre RCT randomly assigning 3,526
patients with SXCS or AsxCS from 95 centers in 24 countries to CEA under general
(n=1,753) or local (n=1,773) anesthesia.®” The primary outcome (30-day stroke, MI or
death) occurred in 84 (4.8%) patients assigned to surgery under general and 80 (4.5%) to
those assigned to surgery under local anesthesia.’ Three events per 1,000 patients treated
were prevented with local anesthesia (95% CI: —11 to 17; risk ratio: 0.94; 95% CI: 0.70-
1.27). Furthermore, the 2 groups did not differ significantly with respect to the quality of
life, length of hospital stay or the primary outcome in the prespecified subgroups of age,
contralateral carotid occlusion, and baseline surgical risk.®’

A recent systematic review and meta-analysis including 31 studies with 152,376
patients demonstrated that local compared with general anesthesia was associated with a
shorter surgical time (weighted mean difference: —9.15 min; 95% CI: —-15.55 to -2.75;
p=0.005) and a 24% reduction in stroke rates (OR: 0.76; 95% CI: 0.62-0.92; p=0.006), a
41% reduction in cardiac complications (OR: 0.59; 95% CI: 0.47-0.73; p<0.00001) and a
28% reduction in in-hospital mortality (OR: 0.72; 95% CI: 0.59-0.90; p=0.003).%8

Nevertheless, a Cochrane Database Systematic Review including 16 RCTs (4,839
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patients) failed to show a difference in 30-day stroke (3.2 vs. 3.5%, respectively; OR:
0.91; 95% CI: 0.66-1.26; p=0.58) or stroke and death rates (3.5 vs. 4.1%, respectively;
OR: 0.85; 95% CI: 0.62-1.16; p=0.31) between patients undergoing CEA under local vs.
general anesthesia.®

As the preference of the type of anesthesia used varies with each individual surgeon, a

consensus was not possible on this topic (Table 9).

10. Is 80-99% AsxCS associated with a higher risk of future ipsilateral ischemic
stroke compared with 60-79% AsxCS?

According to the 2023 ESVS carotid guidelines, CEA should be considered for average
surgical risk patients with 60-99% AsxCS in the presence of >1 imaging or clinical
characteristics that may be associated with an increased risk of late stroke, provided 30-
day stroke/death rates are <3% and the patient has at least a 5-year life expectancy (Class
lla; Level of Evidence: B).2 For such AsxCS patients, CAS may be an alternative to CEA
(Class llb; Level of Evidence: B). One of the imaging parameters associated with an
increased risk of late ipsilateral stroke is stenosis progression.® In the Asymptomatic
Carotid Stenosis and Risk of Stroke (ACSRS) study, 1121 patients with 50-99% AsxCS
were followed-up for a mean of 4 years.”® Regression occurred in 43 individuals (3.8%),
no change in 856 study participants (76.4%) and progression in 222 patients (19.8%). For
the entire cohort, the 8-year cumulative ipsilateral cerebral ischemic stroke rate was 0%
in patients with regression, 9% if the stenosis was unchanged, and 16% if there was
progression (average annual stroke rates of 0%, 1.1%, and 2.0%, respectively; log-rank,

p=0.05; RR in patients with progression: 1.92; 95% CI: 1.14-3.25).7°
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A systematic review and meta-analysis of all published studies reporting ipsilateral
stroke risk in patients with AsxCS identified 56 studies including 13,717 patients; 23 of
them (n=8,419 patients) provided data on ipsilateral stroke risk fully stratified by degree
of AsxCS.” Stroke risk was linearly associated with the degree of ipsilateral stenosis
(p<0.0001).”* Patients with 70-99% AsxCS had a >2-fold higher stroke risk compared
with those individuals with 50-69% AsxCS (386 of 3,778 vs. 181 of 3,806 patients; OR:
2.1; 95% CI: 1.7-2.5; p<0.0001).”* Furthermore, patients with 80-99% AsxCS had a 2.5-
fold higher stroke risk compared with individuals with 50-79% AsxCS (77 of 727 vs.167
of 3,272 patients; OR: 2.5; 95% CI: 1.8-3.5; p<0.0001). It was concluded that “contrary
to the assumptions of current guidelines and the findings of subgroup analyses of
previous randomised controlled trials, the stroke risk reported in cohort studies was
highly dependent on the degree of asymptomatic carotid stenosis, suggesting that the
benefit of endarterectomy might be underestimated in patients with severe stenosis.
Conversely, the 5-year stroke risk was low for patients with moderate stenosis on
contemporary medical treatment, calling into question any benefit from

» 71

revascularization”.

Most of the Delphi participants voted that 80-99% AsxCS is definitely (47/61; 77.1%)

or is probably (7/61; 11.4%) associated with a higher stroke risk compared with 60-79%

AsxCS (Table 10).
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11. Should other factors than the grade of stenosis and symptomatology be
included in the indications for intervention (e.g., plaque features of
vulnerability, presence of intraplaque hemorrhage, etc.)?

In the last few years, it has become apparent that the degree of carotid stenosis alone is
not an adequate marker of increased stroke risk, able to indicate when a prophylactic
carotid intervention is required.® Other clinical and radiologic markers have emerged as
more accurate predictors of future stroke risk.>>’® Examples include impaired
cerebrovascular reserve, microembolic signals detected with transcranial Doppler, carotid
plague echolucency, intraplague hemorrhage on MRI, large juxtaluminal echolucent
(black) areas on computerized ultrasound plaque analysis, silent ipsilateral infarction on
brain CT scans, etc.”>"® The presence of one or more such markers of increased future
stroke risk may identify high-risk AsxCS individuals who will benefit from a
prophylactic carotid intervention.3727

The 2023 ESVS Carotid Guidelines recommended that for average surgical risk

patients with a 60-99% AsxCS, CEA should be considered in the presence of one or more

imaging or clinical characteristics that may be associated with an increased risk of late

stroke, provided 30-day stroke/death rates are >3% and patient life expectancy exceeds 5

yvears (Class lla, Level of Evidence: B). In these patients CAS may be an alternative to

CEA (Class Ilb; Level of Evidence: B).® The vast majority of the participants in this

Delphi Consensus concurred that other factors than the grade of AsxCS and

symptomatology should definitely (56 of 61; 91.9%) or should probably/possibly (4 of

61; 6.6%) be included in determining the indications for intervention in an AsxCS patient

(Table 11).
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12. Should shunting be used routinely, selectively, or never?

The routine vs. selective vs. non-use of shunts during CEA has been the subject of debate
for >3 decades. In addition to numerous studies addressing this issue, this topic has been
the subject of Cochrane Database Systematic Reviews since 2000 and has been updated 4
times.””8! The first Cochrane Database Systematic Review in 2000 concluded that the
data at the time were too limited to either support or refute the use of routine or selective
shunting in CEA.”” It was also suggested that large-scale RCTs of routine vs. selective
shunting were required.”” Finally, it was concluded that no method of monitoring in
selective shunting has been shown to produce better outcomes. The same conclusions
have been reached in all subsequent Cochrane Database Systematic Reviews since then,
including the last one published in 2022.78-81

Vascular surgeons tend to be routine, selective, or never shunters, based on their
training. While there are several methods to monitor brain perfusion during carotid
clamping (e.g., electroencephalography, stump pressure, backflow, transcranial Doppler
monitoring, transcranial cerebral oximetry and near-infrared spectroscopy), the only
reliable method is the patient’s neurological status with CEA under locoregional
anesthesia. Both the 2022 SVS? and 2023 ESVS® Guidelines recommended that for
patients undergoing CEA, decisions regarding shunting (routine, selective, never) should
be considered at the discretion of the operating surgeon.

Based on their personal preference rather than the presence of objective data, most of

the Delphi Consensus participants (47 of 61; 77.1%) recommended that a shunt be

selectively used (Table 12). Nevertheless, it should be noted that this recommendation

does not rely on Level | Evidence, but rather on individual preferences.
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13. What is the best material to use for patch closure: autologous vein, polyester
(Dacron) or biological (Xeno) graft?
The optimal material to use for patch closure in CEA procedures is another controversial
topic that has been the subject of debate for several decades. To define the best patch
material, several studies and RCTs have compared different types of patches, namely
autologous vein vs. synthetic (PTFE or Dacron) vs. biological (e.g., bovine
pericardium).82#

A 2021 Cochrane Database Systematic Review included 14 trials involving a total of
2,278 CEAs with patch closure operations: 7 trials compared vein closure with PTFE
closure, 5 compared Dacron grafts with other synthetic materials and 2 compared bovine
pericardium with other synthetic materials.® Overall, this systematic review concluded
that the number of outcome events is too small to allow any meaningful conclusions to be
drawn. There appears to be little (if any) difference in terms of perioperative or long-term
ipsilateral stroke rates between the different patch materials.® There is some evidence
that PTFE patches may be superior to Dacron grafts in terms of perioperative stroke/TIA
rates and both early and late arterial restenosis and occlusion.®® Pseudoaneurysm
formation may be more common after the use of a vein patch than after the use of a
synthetic patch.®® Finally, the bovine pericardial patch may reduce the risk of
perioperative fatal stroke, death and infection compared with other synthetic patches.®®

Both the 2023 ESVS® and the 2022 SVS? guidelines recommended that for patients
undergoing CEA, the choice of patch closure material should be considered at the

discretion of the operating surgeon. This is also reflected in the responses of the Delphi
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Consensus participants, where each vascular surgeon essentially provided his/her

personal preference(s) (Table 13).

14. Should protamine be given to counteract heparin effects at the end of the
procedure?
A 2016 meta-analysis comparing the outcomes in 3,817 patients undergoing CEA who
received protamine reversal vs. 6,070 CEA patients who did not receive protamine
demonstrated that protamine reversal significantly reduced wound re-exploration for neck
hematomas (OR: 0.42; 95% CI: 0.22-0.8; p=0.008), with no evidence that it increased
perioperative stroke rates (OR: 0.71; 95% CI: 0.49-1.03; p=0.07).2° However, the authors
reported that taking into account the limitations of the analysis, further studies were
needed to increase the level of evidence provided by their meta-analysis.°
A multi-center (n=12) report evaluated whether protamine use after CEA increased
within the Vascular Study Group of New England (VSGNE) in response to studies
indicating that protamine reduces bleeding complications associated with CEA without
increasing the risk of stroke.®® From 2003 to 2007, protamine use remained stable at 43%.
Protamine usage increased to 52% in 2008 (p<0.01), coincident with new centers joining
the VSGNE, and subsequently increased to 62% in 2010 (p<0.01), shortly after the
presentation of the data showing a benefit of protamine use.®® Reoperation for bleeding
was reduced from 1.44 to 0.6% (RR reduction: 57.2%; p<0.001) without increasing
perioperative stroke/death rates.*
Both the 2022 SVS? and the 2023 ESVS?® guidelines provided a weak recommendation

suggesting that protamine reversal of heparin should be considered (Class Ila; Level of
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Evidence: B). Most vascular surgeons have a personal preference about routine/selective
heparin reversal with protamine vs. no reversal. Therefore, a consensus on this topic

could not be reached (Table 14).

Discussion
The present multi-specialty, expert-based Delphi Consensus document provided answers
to certain unresolved questions regarding the management of AsxCS and SxCS patients.
At the same time, it revealed topics where the evidence is currently insufficient for
definitive conclusions to be drawn and thus identified areas requiring further research.

Most experts agreed that the traditional periprocedural/in-hospital stroke/death
thresholds for performing CEA/CAS in SXCS (<6%) and AsxCS (<3%) are now too high
and should be reduced. The 2020 German-Austrian,® followed by the 2021 ESO*
Guidelines, proposed new lower perioperative thresholds, namely 4% for SxCS and 2%
for AsxCS patients. It could be argued that it may not always be possible to achieve such
low stroke/death rates in all patients. Nevertheless, it is worth pursuing the lowest
possible stroke/death rates in patients undergoing CEA/CAS/TCAR.

Whether or not new ischemic cerebral lesions after CEA/CAS/TCAR are associated
with long-term cognitive impairment is an area that remains uncertain. Although many
experts would imagine that such silent lesions may have long-term effects on the
cognitive function, there is no definitive evidence currently available. The same applies
to the possible association between AsxCS with cognitive dysfunction, as well as to the
role of carotid interventions in reversing cognitive impairment. These are “grey” areas

that need to be addressed in well-designed studies in the future.

33



Although completion imaging after CEA may be preferred or routinely performed by
some surgeons, there is no definitive evidence that it reduces postoperative stroke rates.
Therefore, many participants were reluctant to recommend completion imaging routinely.
Uncertainty also exists about the value of DAPT before and during CEA (except for
recently symptomatic patients),® the clinical significance and the optimal management of
restenosis following CEA, as well as the superiority of local/regional over general
anesthesia in patients undergoing CEA.

TCAR has emerged as a considerably better revascularization option compared with
transfemoral CAS and is quickly gaining ground in the management of patients with
AsxCS and SxCS. Advantages of this procedure include that it can be performed safely
under local anesthesia and no intensive care unit stay,®® with stroke/death rates
comparable to those of the gold-standard CEA.%? Disadvantages include the limited
availability of the procedure outside the U.S. and its relatively high cost,* but hopefully
these will improve in the future.

Most experts agreed that 80-99% AsxCS is associated with a higher risk of future
ipsilateral ischemic stroke than 60-79% AsxCS, but also that other factors besides the
degree of stenosis should be valued when deciding to offer an intervention to an AsxCS
patient. There seems to be a gradual change in the way of perceiving increased stroke risk
from the classical stratification based on the degree of luminal stenosis. This is certainly

an area that requires further investigation. Nevertheless, regardless of the risk of future

stroke, patients with severe AsxCS have very high all-cause and cardiac mortality:®*

therefore, aggressive management of vascular risk factors and implementation of best

medical treatment is essential in all patients. Finally, the type of patch material selected
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and the topic of protamine reversal of the effects of heparin after CEA are issues that are
largely based on personal preferences of the individual vascular surgeons.

This study has some limitations. Firstly, the opinion of the study participants does not
necessarily reflect the opinion of other experts in the field. Secondly, a different
composition in the Delphi Consensus group (e.g., more stroke physicians or more
interventional cardiologists) could have produced different results. Thirdly, all experts
provided their recommendations based on the available evidence and their personal
experience. Their recommendation may differ in the future if new evidence becomes
available.

In conclusion, this international, multi-specialty, expert-based Delphi Consensus
document attempted to provide answers to several unresolved questions and issues
concerning the optimal management of AsxCS and SxCS patients. Although a consensus
was possible on some of these topics, the Delphi participants disagreed on other topics,
based largely on their personal clinical experience and interpretation of the available
evidence. Nevertheless, in the context of the uncertainty regarding several unanswered
questions and until the publication of more robust evidence, as well as Society Practice
guidelines addressing these topics, this Consensus document should be viewed as an
opportunity to aid clinicians in their everyday quest for the optimal management of

patients with SXCS and AsxCS.

Conflicts of interest: Dimitri P. Mikhailidis has given talks, acted as a consultant or
attended conferences sponsored by Amgen and Novo Nordisk. James F. Meschia receives

funding from the U.S. National Institute of Neurologic Disorders and Stroke for work
35



related to running the CREST-2 clinical trial (U01INS080168) and the CREST-2 Long-
term Observational Extension study (U01INS119169). Eric A. Secemsky has received
research grants from Food & Drug Administration, BD, Boston Scientific, Cook, CSlI,
Laminate Medical, Medtronic and Philips. He has received Consulting/Speaking fees
from Abbott, Bayer, BD, Boston Scientific, Cook, Cordis, CSI, Inari, Infraredx,
Medtronic, Philips, Shockwave and VentureMed. Hans-Henning Eckstein is a local
Principal Investigator for ROADSTER 2 trial and a scientific committee member of
SPACE-1, SPACE-2 and ACST-2. Tatjana Rundek is funded by grants from the National
Institutes of Health (RO1 MD012467, R01 NS029993, RO1NS040807, 1U24NS107267),
and the National Center for Advancing Translational Sciences (UL1 TR002736, KL2
TR002737). Jon S. Matsumura has received institutional research grants from Abbott,

Cook, Endologix, Gore and Medtronic.

References

1. AbuRahma AF, Avgerinos ED, Chang RW, Darling RC 3rd, Duncan AA, Forbes
TL, Malas MB, Murad MH, Perler BA, Powell RJ, Rockman CB, Zhou W. The
Society for Vascular Surgery clinical practice guidelines for management of
extracranial cerebrovascular disease. J Vasc Surg 2022; 51(1S): 4S-22S.

2. AbuRahma AF, Avgerinos ED, Chang RW, Darling RC 3rd, Duncan AA, Forbes
TL, Malas MB, Perler BA, Powell RJ, Rockman CB, Zhou W. The Society for
Vascular Surgery implementation document for management of extracranial

cerebrovascular disease. J Vasc Surg 2022; 75(1S): 26S-98S.

36



Naylor R, Rantner B, Ancetti S, de Borst GJ, De Carlo M, Halliday A, Kakkos
SK, Markus HS, McCabe DJH, Sillesen H, van der Berg JC, Vega de Ceniga M,
Venermo MA, Vermassen FEG; ESVS Guidelines Committee. Editor’s Choice -
European Society for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines
on the Management of Atherosclerotic Carotid and Vertebral Artery Disease. Eur
J Vasc Endovasc Surg 2023; 65(1): 7-111.

Bonati LH, Kakkos S, Berkefeld J, de Borst GJ, Bulbulia R, Halliday A, van
Herzeele I, Koncar I, McCabe DJ, Lal A, Ricco JB, Ringleb P, Taylor-Rowan M,
Eckstein HH. European Stroke Organisation guideline on endarterectomy and
stenting for carotid artery stenosis. Eur Stroke J 2021; 6(2): I-XLVI1.

Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-
Hill D, Kamel H, Kernan WN, et al. 2021 Guideline for the Prevention of Stroke
in Patients With Stroke and Transient Ischemic Attack: A Guideline From the
American Heart Association/American Stroke Association. Stroke 2021; 52(7):
e364-e467.

Eckstein HH, Kuhnl A, Berkefeld J, Lawall H, Storck M, Sander D. Diagnosis,
Treatment and Follow-up in Extracranial Carotid Stenosis. Dtsch Arztebl Int
2020; 117(47): 801-807.

Lewis SZ, Diekemper R, Ornelas J, Casey KR. Methodologies for the
development of CHEST guidelines and expert panel reports. Chest 2014; 146(1):
182-192.

Neumann I, Schunemann HJ. Guideline groups should make recommendations

even if the evidence is considered insufficient. CMAJ. 2020; 192(2): E23-E24.

37



10.

11.

12.

13.

14.

Guidance on Conducting and Reporting Delphi Studies (CREDES) Checklist.
Available at: https://cdn-

links.lww.com/permalink/ta/c/ta 00 00 2022 04 14 costantini jt-d-22-

00126 sdc2.pdf. Accessed on December 1, 2022.

Vikatmaa P, Mitchell D, Jensen LP, Beiles LP, Bjorck M, Halbakken E, Lees T,
Menyhei G, et al. Variation in clinical practice in carotid surgery in nine countries
2005-2010. Lessons from VASCUNET and recommendations for the future of
national clinical audit. Eur J Vasc Endovasc Surg 2012; 44(1): 11-17.

Loftus IM, Paraskevas Kl, Johal A, Waton S, Heikkila K, Naylor AR, Cromwell
DA. Editor’s Choice - Delays to Surgery and Procedural Risks Following Carotid
Endarterectomy in the UK National Vascular Registry. Eur J Vasc Endovasc Surg
2016; 52(4): 438-443.

Eckstein HH, Tsantilas P, Kuhnl A, Haller B, Breitkreuz T, Zimmermann A,
Kallmayer M. Surgical and Endovascular Treatment of Extracranial Carotid
Stenosis. Dtsch Arztebl Int 2017; 114(43): 729-736.

Poppert H, Wolf O, Resch T, Theiss W, Schmidt-Thieme T, Graefin von
Einsiedel H, Heider P, Martinoff S, Sander D. Differences in number, size, and
location of intracranial microembolic lesions after surgical versus endovascular
treatment without protection device of carotid artery stenosis. J Neurol 2004;
251(10): 1198-1203.

lihara K, Murao K, Sakai N, Yamada N, Nagata I, Miyamoto S. Outcome of

carotid endarterectomy and stent insertion based on grading of carotid

38


https://cdn-links.lww.com/permalink/ta/c/ta_00_00_2022_04_14_costantini_jt-d-22-00126_sdc2.pdf
https://cdn-links.lww.com/permalink/ta/c/ta_00_00_2022_04_14_costantini_jt-d-22-00126_sdc2.pdf
https://cdn-links.lww.com/permalink/ta/c/ta_00_00_2022_04_14_costantini_jt-d-22-00126_sdc2.pdf

15.

16.

17.

18.

19.

20.

endarterectomy risk: a 7year prospective study. J Neurosurg 2004; 105(4): 546-
554.

Lacroix, Hammer F, Astarci P, Duprez T, Grandin C, Cosnard G, Peeters A,
Verhelst R. Ischemic cerebral lesions after carotid surgery and carotid stenting.
Eur J Vasc Endovasc Surg 2007; 33(4): 430-435.

Kastrup A, Nagele T, Groschel K, Schmidt F, Vogler E, Schulz J, Ernemann U.
Incidence of new brain lesions after carotid stenting with and without cerebral
protection. Stroke 2006; 37(9): 2312-2316.

Rapp JH, Wakil L, Sawhney R, Pan XM, Yenari MA, Glastonbury C, Coogan S,
Wintermark M. Subclinical embolization after carotid artery stenting: new lesions
on diffusion-weighted magnetic resonance imaging occur postprocedure. J Vasc
Surg 2007; 45(5): 867-872.

Schnaudigel S, Groschel K, Pilgram SM, Kastrup A. New brain lesions after
carotid stenting versus carotid endarterectomy: a systematic review of the
literature. Stroke 2008;39:1911-1919.

Altinbas A, van Zandvoort MJE, van der Berg E, Longen LM, Algra A, Moll FL,
Nederkoorn PJ, Mali WP, Bonati LH, Brown MM, Kappelle LJ, van der Worp
HB. Cognition after carotid endarterectomy or stenting: a randomized
comparison. Neurology 2011; 77(11): 1084-1090.

Gensicke H, van der Worp HB, Nederkoorn PJ, Macdonald S, Gaines PA, van der
Lugt A, Mali WP, Lyrer PA, Peters N, Featherstone RL, et al; ICSS-MRI
Substudy Investigators. Ischemic brain lesions after carotid artery stenting

increase future cerebrovascular risk. J Am Coll Cardiol 2015; 65(6): 521-529.

39



21.

22.

23.

24,

25.

26.

217.

Pinter L, Ribo M, Loh C, Lane B, Roberts T, Chou TM, Kolvenbach RR. Safety
and feasibility of a novel transcervical access neuroprotection system for carotid
artery stenting in the PROOF Study. J Vasc Surg 2011; 54(5): 1317-1323.

Lazar RM, Wadley VG, Myers T, Jones MR, Heck DV, Clark WM, et al.
Baseline Cognitive Impairment in Patients With Asymptomatic Carotid Stenosis
in the CREST-2 Trial. Stroke 2021;52:3855-3863.

Nickel A, Kessner S, Niebuhr A, Schroder J, Malherbe C, Fischer F, et al.
Cortical thickness and cognitive performance in asymptomatic unilateral carotid
artery stenosis. BMC Cardiovasc Disord 2019;19:154.

Xiao F, Wang T, Gao L, Fang J, Sun Z, Xu H, et al. Frequency-Dependent
Changes of the Resting BOLD Signals Predicts Cognitive Deficits in
Asymptomatic Carotid Artery Stenosis. Front Neurosci 2018;12:416.

Gray VL, Goldberg AP, Rogers MW, Anthony L, Terrin ML, Guralnik JM, et al.
Asymptomatic carotid stenosis is associated with mobility and cognitive
dysfunction and heightens falls in older adults. J Vasc Surg 2020;71:1930-1937.
Paraskevas KI, Faggioli G, Ancetti S, Naylor AR. Editor’s Choice -
Asymptomatic Carotid Stenosis and Cognitive Impairment: A Systematic Review.
Eur J Vasc Endovasc Surg 2021; 61: 888-899.

Paraskevas KI, Mikhailidis DP, Spinelli F, Faggioli G, Saba L, Silvestrini M,
Svetlikov A, Stilo F, Pini R, et al. Asymptomatic carotid stenosis and cognitive
impairment. J Cardiovasc Surg 2023 Feb 15. doi: 10.23736/S0021-

9509.23.12620-6/ Online ahead of print.

40



28.

29.

30.

31.

32.

33.

Lal BK, Younes M, Cruz G, Kapadia I, Jamil Z, Pappas PJ. Cognitive changes
after surgery vs stenting for carotid artery stenosis. J Vasc Surg 2011;54 (3):691-
698.

Takaiwa A, Kuwayama N, Akioka N, Kurosaki K, Hayashi N, Endo S, Kuroda S.
Effect of carotid endarterectomy on cognitive function in patients with
asymptomatic carotid artery stenosis. Acta Neurochir (Wien) 2013;155 (4):627-
633.

Turowicz A, Czapiga A, Malinowski M, Majcherek J, Litarski A, Janczak D.
Carotid Revascularization Improves Cognition in Patients With Asymptomatic
Carotid Artery Stenosis and Cognitive Decline. Greater Improvement in Younger
Patients With More Disordered Neuropsychological Performance. J Stroke
Cerebrovasc Dis 2021; 30(4): 105608.

Tiemann L, Reidt JH, Esposito L, Sander D, Theiss W, Poppert H.
Neuropsychological sequelae of carotid angioplasty with stent placement:
correlation with ischemic lesions in diffusion weighted imaging. PLoS One 2009;
4(9): 7001.

Yoshida K, Ogasawara K, Kobayashi M, Yoshida K, Kubo Y, Otawara Y, Ogawa
A. Improvement and impairment in cognitive function after carotid
endarterectomy: comparison of objective and subjective assessments. Neurol Med
Chir (Tokyo) 2012; 52(3): 154-160.

Capoccia L, Speziale F, Gazzetti M, Mariani P, Rizzo A, Mansour W, Sbharigia E,
Fiorani P. Comparative study on carotid revascularization (endarterectomy vs

stenting) using markers of cellular brain injury, neuropsychometric tests, and

41



34.

35.

36.

37.

38.

39.

diffusion-weighted magnetic resonance imaging. J Vasc Surg 2010; 51(3): 584-
591.

Ancetti S, Paraskevas KI, Faggioli G, Naylor AR. Editor’s Choice - Effect of
Carotid Interventions on Cognitive Function in Patients With Asymptomatic
Carotid Stenosis: A Systematic Review. Eur J Vasc Endovasc Surg 2021; 62(5):
684-694.

Knappich C, Kuehnl A, Tsantilas P, Schmid S, Breitkreuz T, Kallmayer M,
Zimmermann A, Eckstein HH. Intraoperative Completion Studies, Local
Anesthesia, and Antiplatelet Medication Are Associated With Lower Risk in
Carotid Endarterectomy. Stroke 2017;48(4): 955-962.

Ricotta JJ, O’Brien-Irr MS. Completion angiography: is it really necessary? Am J
Surg 1997; 174(2): 181-184.

Rockman CB, Halm EA. Intraoperative imaging: does it really improve
perioperative outcomes of carotid endarterectomy? Semin Vasc Surg 2007; 20(4):
236-243.

Wallaert JB, Goodney PP, Vignati JJ, Stone DH, Nolan BW, Bertges DJ, Walsh
DB, Cronenwett JL. Completion imaging after carotid endarterectomy in the
Vascular Study Group of New England. J Vasc Surg 2011; 54(2): 376-385.
Knappich C, Lang T, Tsantilas P, Schmid S, Kallmayer M, Haller B, Eckstein
HH. Intraoperative completion studies in carotid endarterectomy: systematic
review and meta-analysis of techniques and outcomes. Ann Transl Med 2021;

9(14): 1201.

42



40.

41.

42,

43.

44,

45,

Bibbins-Domingo K; U.S. Preventive Services Task Force. Aspirin Use for the
Primary Prevention of Cardiovascular Disease and Colorectal Cancer: U.S.
Preventive Services Task Force Recommendation Statement. Ann Intern Med
2016; 164(12): 836-845.

Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, Wang C, Li H, Meng X,
Cui L, et al. Clopidogrel with aspirin in acute minor stroke or transient ischemic
attack. N Engl J Med 2013; 369(1): 11-19.

Zhang Q, Wang C, Zheng M, Li Y, Li J, Zhang L, Shang X, Yan C. Aspirin plus
clopidogrel as secondary prevention after stroke or transient ischemic attack: a
systematic review and meta-analysis. Cerebrovasc Dis 2015; 39(1): 13-22.
Marcaccio CL, Patel PB, Rastogi V, Stangenberg L, Liang P, Wyers MC, et al.
The efficacy and safety of single versus dual antiplatelet therapy in carotid artery
stenting. J Vasc Surg. 2022 Dec 26:50741-5214(22)-2713-6. doi:
10.1016/j.jvs.2022.12.034.

Ku JC, Taslimi S, Zuccato J, Pasarikovski CR, Nasr N, Chechik O, Chisci E, et al.
Editor’s Choice — Peri-operative Outcomes of Carotid Endarterectomy are Not
Improved on Dual Antiplatelet Therapy vs. Aspirin Monotherapy: A Systematic
Review and Meta-Analysis. Eur J Vasc Endovasc Surg. 2022; 63(4): 546-555.
Patel RJ, Marmor R, Dakour H, Elsayed N, Ramachandran M, Malas MB. Dual
Antiplatelet Therapy Is Associated with Increased Risk of Bleeding and
Decreased Risk of Stroke Following Carotid Endarterectomy. Ann Vasc Surg

2023;88:191-8.

43



46.

47.

48.

49,

50.

Jones DW, Goodney PP, Conrad MF, Nolan BW, Rzucidlo EM, Powell RJ, et al.
Dual antiplatelet therapy reduces stroke but increases bleeding at the time of
carotid endarterectomy. J Vasc Surg 2016; 63(5): 1262-1270.

Donners SJA, Mekke JM, van Hattum ES, Toorop RJ, de Borst GJ; Dutch Audit
for Carotid Interventions (DACI) Collaborators. Editor’s Choice - Risk of
Bleeding Complications With Different Peri-Operative Antithrombotic Regimens
During Carotid Endarterectomy: A National Registry Analysis. Eur J Vasc
Endovasc Surg 2022; 64(5): 444-451.

Paraskevas KI, Gloviczki P, Mikhailidis DP, Antignani PL, Dardik A, Eckstein
HH, et al. Optimal periprocedural antithrombotic treatment in carotid
interventions: An international, multispecialty, expert review and position
statement. Prog Cardiovasc Dis 2022; 74: 28-37.

Bonati LH, Ederle J, McCabe DJ, Dobson J, Featherstone RL, Gaines PA, Beard
JD, Venables GS, Markus HS, et al; CAVATAS Investigators. Long-term risk of
carotid restenosis in patients randomly assigned to endovascular treatment or
endarterectomy in the Carotid and Vertebral Artery Transluminal Angioplasty
Study (CAVATAS): long-term follow-up of a randomised trial. Lancet Neurol
2009; 8(10): 908-817.

Eckstein HH, Ringleb P, Allenberg JR, Berger J, Fraedrich G, Hacke W,
Hennerici M, et al. Results of the Stent-Protected Angioplasty versus Carotid
Endarterectomy (SPACE) study to treat symptomatic stenoses at 2 years: a

multinational, prospective, randomised trial. Lancet Neurol 2008; 7(10): 893-902.

44



51.

52.

53.

54,

55.

56.

Lal BK, Beach KW, Roubin GS, Lutsep HL, Moore WS, Malas MB, Chiu D,
Gonzales NR, et al; CREST Investigators. Restenosis after carotid artery stenting
and endarterectomy: a secondary analysis of CREST, a randomised controlled
trial. Lancet Neurol 2012; 11(9): 755-763.

Fokkema M, de Borst GJ, Nolan BW, Lo RC, Cambria RA, Powell RJ, Moll FL,
Schermerhorn ML; Vascular Study Group of New England. Carotid stenting
versus endarterectomy in patients undergoing reintervention after prior carotid
endarterectomy. J Vasc Surg 2014; 59(1): 8-15.

Arhuidese I, Obeid T, Nejim B, Locham S, Hicks CW, Malas MB. Stenting
versus endarterectomy after prior ipsilateral carotid endarterectomy. J Vasc Surg
2017; 65(1): 1-11.

Kumar R, Batchelder A, Saratzis A, AbuRahma AF, Ringleb P, Lal BK, Mas JL,
Steinbauer M, Naylor AR. Restenosis after Carotid Interventions and Its
Relationship with Recurrent Ipsilateral Stroke: A Systematic Review and Meta-
analysis. Eur J Vasc Endovasc Surg 2017; 53(6): 766-775.

Fokkema M, Vrijenhoek JE, Den Ruijter HM, Groenwold RH, Schermerhorn ML,
Bots ML, Pasterkamp G, Moll FL, de Borst GJ; TREAT CARE Study Group.
Stenting versus endarterectomy for restenosis following prior ipsilateral carotid
endarterectomy: an individual patient data meta-analysis. Ann Surg 2015; 261(3):
598-604.

Stonko DP, Goldsborough E 3rd, Kibrik P, Zhang G, Holscher CM, Hicks CW.

Use of Transcarotid Artery Revascularization, Transfemoral Carotid Artery

45



S7.

58.

59.

60.

61.

Stenting, and Carotid Endarterectomy in the US From 2015 to 2019. JAMA Netw
Open 2022; 5(9): 2231944,

Malas MB, Elsayed N, Naazie I, Dakour-Aridi H, Yei KS, Schermerhorn ML.
Propensity score-matched analysis of 1-year outcomes of transcarotid
revascularization with dynamic flow reversal, carotid endarterectomy, and
transfermoral carotid artery stenting. J Vasc Surg 2022; 75(1): 213-222.

Zhang GQ, Bose S, Stonko DP, Abularrage CJ, Zarkowsky DS, Hicks CW.
Transcarotid artery revascularization is associated with similar outcomes to
carotid endarterectomy regardless of patient risk status. J Vasc Surg. 2022; 76(2):
474-481.

Malas MB, Dakour-Aridi H, Kashyap VS, Eldrup-Jorgensen J, Wang GJ,
Motaganahalli RL, Cronenwett JL, Schermerhorn ML. TransCarotid
Revascularization With Dynamic Flow Reversal Versus Carotid Endarterectomy
in the Vascular Quality Initiative Surveillance Project. Ann Surg 2022; 276(2):
398-403.

Naazie IN, Cui CL, Osaghae I, Murad MH, Schermerhorn M, Malas MB. A
Systematic Review and Meta-Analysis of Transcarotid Artery Revascularization
with Dynamic Flow Reversal Versus Transfemoral Carotid Artery Stenting and
Carotid Endarterectomy. Ann Vasc Surg 2020; 69: 426-436.

Yee EJ, Wank SK, Timsina LR, Ruiz-Herrera S, Liao JL, Donde NN, Fajardo
AC, Motaganahalli RL. Propensity-Matched Outcomes of Transcarotid Artery

Revascularization Versus Carotid Endarterectomy. J Surg Res 2020; 252: 22-29.

46



62.

63.

64.

65.

66.

67.

Schermerhorn ML, Lian P, Eldrup-Jorgensen J, Cronenwett JL, Nolan BW,
Kashyap VS, Wang GJ, Motaganahalli RL, Malas MB. Association of
Transcarotid Artery Revascularization vs Transfemoral Carotid Artery Stenting
With Stroke or Death Among Patients With Carotid Artery Stenosis. JAMA 2019;
322(23): 2313-2322.

Elmously A, Rich N, Lazar AN, Mehta A, Patel P, Patel V, Bajakian DR.
Outcomes of early transcarotid artery revascularization versus carotid
endarterectomy after acute neurologic events. J Vasc Surg 2022; 76(3): 760-768.
MRC European Carotid Surgery Trial: interim results for symptomatic patients
with severe (70-99%) or with mild (0-29%) carotid stenosis. European Carotid
Surgery Trialists’ Collaborative Group. Lancet 1991; 337(8752): 1235-1243.
Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes RB, Rankin
RN, Clagett GP, et al. Benefit of carotid endarterectomy in patients with
symptomatic moderate or severe stenosis. N Engl J Med 1998; 339(20): 1415-
1425.

Rothwell PM, Eliasziw, Gutnikov SA, Warlow CP, Barnett HJ; Carotid
Endarterectomy Trialists Collaboration. Endarterectomy for symptomatic carotid
stenosis in relation to clinical subgroups and timing of surgery. Lancet. 2004;
363(9413): 915-924.

GALA Trial Collaborative Group, Lewis SC, Warlow CP, Bodenham AR, Colam
B, Rothwell PM, Torgerson D, et al. General anaesthesia versus local anaesthesia
for carotid surgery (GALA): a multicentre, randomised controlled trial. Lancet

2008; 372(9656): 2132-2142.

47



68.

69.

70.

71.

72.

73.

74.

Harky A, Chan JSK, Kot TKM, Sanli D, Rahimli R, Belamaric Z, et al. General
Anesthesia Versus Local Anesthesia in Carotid Endarterectomy. A Systematic
Review and Meta-Analysis. J Cardiothorac Vasc Anesth 2020; 34(1): 219-234.
Rerkasem A, Orrapin S, Howard DP, Nantakool S, Rerkasem K. Local versus
general anaesthesia for carotid endarterectomy. Cochrane Database Syst Rev.
2021 Oct 13;10(10):CD000126.

Kakkos SK, Nicolaides AN, Charalambous I, Thomas D, Giannopoulos A, Naylor
AR, Geroulakos G, Abbott AL; Asymptomatic Carotid Stenosis and Risk of
Stroke (ACSRS) Study Group. Predictors and clinical significance of progression
or regression of asymptomatic carotid stenosis. J Vasc Surg 2014; 59(4): 956-967.
Howard DPJ, Gaziano L, Rothwell PM; Oxford Vascular Study. Risk of stroke in
relation to degree of asymptomatic carotid stenosis: a population-based cohort
study, systematic review, and meta-analysis. Lancet Neurol 2021; 20(3): 193-202.
Gupta A, Baradaran H, Schweitzer AD, Kamel H, Pandya A, Delgado D, et al.
Carotid plaque MRI and stroke risk: a systematic review and meta-analysis.
Stroke. 2013; 44(11): 3071-3077.

King A, Serena J, Bornstein NM, Markus HM; ACES Investigators. Does
impaired cerebrovascular reactivity predict stroke risk in asymptomatic carotid
stenosis: A prospective substudy of the Asymptomatic Carotid Emboli Study.
Stroke. 2011; 42(6): 1550-1555.

Topakian R, King A, Kwon SU, Schaafsma A, Shipley M, Markus HS; ACES
Investigators. Ultrasonic plaque echolucency and emboli signals predict stroke in

asymptomatic carotid stenosis. Neurology. 2011; 77(8): 751-758.

48



75.

76.

77.

78.

79.

80.

81.

Paraskevas KI, Spence JD, Veith FJ, Nicolaides AN. Identifying which patients
with asymptomatic carotid stenosis could benefit from intervention. Stroke 2014;
45(12): 3720-3724.

Nicolaides A, Kakkos SK, Kyriacou E, Griffin M, Thomas DJ, Geroulakos G, et
al. Asymptomatic internal carotid artery stenosis and cerebrovascular risk
stratification. J Vasc Surg. 2010; 52(6): 1486-1496.

Counsell C, Salinas R, Naylor R, Warlow C. Routine or selective carotid artery
shunting for carotid endarterectomy (and different methods of monitoring in
selective shunting). Cochrane Database Syst Rev 2000; (2): CD000190.

Bond R, Rerkasem K, Counsell C, Salinas R, Naylor R, Warlow CP, Rothwell
PM. Routine or selective carotid artery shunting for carotid endarterectomy (and
different methods of monitoring in selective shunting). Cochrane Database Syst
Rev 2002; (2): CD000190.

Rerkasem K, Rothwell PM. Routine or selective carotid artery shunting for
carotid endarterectomy (and different methods of monitoring in selective
shunting). Cochrane Database Syst Rev 2009; 7(4): CD000190.

Chongruksut W, Vaniyapong T, Rerkasem K. Routine or selective carotid artery
shunting for carotid endarterectomy (and different methods of monitoring in
selective shunting). Cochrane Database Syst Rev 2014; 2014(6): CD000190.
Chuatrakoon B, Nantakool S, Rerkasem A, Orrapin S, Howard DP, Rerkasem K.
Routine or selective carotid artery shunting for carotid endarterectomy (and
different methods of monitoring in selective shunting). Cochrane Database Syst

Rev 2022; 6(6): CD000190.

49



82.

83.

84.

85.

86.

87.

Grego F, Antonello M, Lepidi S, Bonvini S, Deriu GP. Prospective, randomized
study of external jugular vein patch versus polytetrafluoroethylene patch during
carotid endarterectomy: perioperative and long-term results. J Vasc Surg 2003;
38(6): 1232-1240.

Naylor R, Hayes PD, Payne DA, Allroggen H, Steel S, Thompson MM, London
NJ, Bell PR. Randomized trial of vein versus dacron patching during carotid
endarterectomy: long-term results. J Vasc Surg 2004; 39(5): 985-993.

O'Hara PJ, Hertzer NR, Mascha EJ, Krajewski LP, Clair DG, Ouriel K. A
prospective, randomized study of saphenous vein patching versus synthetic
patching during carotid endarterectomy. J Vasc Surg 2002; 35(2): 324-332.
AbuRahma AF, Hopkins ES, Robinson PA, Deel JT, Agarwal S. Prospective
randomized trial of carotid endarterectomy with polytetrafluoroethylene versus
collagen-impregnated Dacron (Hemashield) patching: late follow-up. Ann Surg
2003; 237(6): 885-892.

Hayes PD, Allroggen H, Steel S, Thompson MM, London NJ, Bell PR, et al.
Randomized trial of vein versus Dacron patching during carotid endarterectomy:
influence of patch type on postoperative embolization. J Vasc Surg 2001; 33(5):
994-1000.

Leonore FT, Elsa F, David PC, Ludovic C, Pascal B, Charles Henri MA, Pierre A,
Eric P. Short- and Long-Term Outcomes Following Biological Pericardium
Patches Versus Prosthetic Patches for Carotid Endarterectomy: A Retrospective

Bicentric Study. Ann Vasc Surg 2021; 72: 66-71.

50



88.

89.

90.

91.

92.

93.

Orrapin S, Benyakorn T, Howard DP, Siribumrungwong B, Rerkasem K. Patches
of different types for carotid patch angioplasty. Cochrane Database Syst Rev
2021; 2(2): CD000071.

Kakisis JD, Antonopoulos CN, Moulakakis KG, Schneider F, Geroulakos G,
Ricco JB. Protamine Reduces Bleeding Complications without Increasing the
Risk of Stroke after Carotid Endarterectomy: A Meta-analysis. Eur J Vasc
Endovasc Surg 2016; 52(3): 296-307.

Patel RB, Beaulieu P, Homa K, Goodney PP, Stanley AC, Cronenwett JL. Shared
quality data are associated with increased protamine use and reduced bleeding
complications after carotid endarterectomy in the Vascular Study Group of New
England. J Vasc Surg 2013; 58(6): 1518-1524.

Mehta V, Tharp P, Caruthers C, Dias A, Wooster M. Transcarotid artery
revascularization can safely be performed with regional anesthesia and no
intensive care unit stay. J Vasc Surg 2023; 77(2): 555-558.

AbuRahma AF, Santini A, AbuRahma ZT, Lee A, Seal K, Veith C, Dean S, Davis
E. Thirty-Day Perioperative Clinical Outcomes of Transcarotid Artery
Revascularization vs Carotid Endarterectomy in a Single-Center Experience. J
Am Coll Surg 2023 Jan 9 [Epub ahead of print]

Cui C, Ramakrishnan G, Murphy J, Malas MB. Cost-effectiveness of transcarotid
artery revascularization versus carotid endarterectomy. J Vasc Surg 2021; 74(6):

1910-1918.

51



94. Giannopoulos A, Kakkos S, Abbott A, Naylor AR, Richards T, Mikhailidis DP, et
al. Long-term Mortality in Patients with Asymptomatic Carotid Stenosis:

Implications for Statin Therapy. Eur J Vasc Endovasc Surg 2015; 50(5): 573-582.

52



