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Abstract

Introduction: Transfemoral carotid artery stenting (tfCAS) is a United States Food and Drug Administration (FDA) ap-

proved procedure in patients with symptomatic and asymptomatic carotid artery stenosis. Recently, Centers for Medicare

and Medicaid Services (CMS) expanded the coverage for tfCAS. However, tfCAS’s stroke incidence compared to carotid en-

darterectomy (CEA) remains a concern. The acceptable threshold for tfCAS is a 30-day stroke and death risk of less than 6%

for symptomatic and less than 3% for asymptomatic patients. Given that adverse events continue after discharge, the thresh-

old for in-hospital events is less than 4% for symptomatic patients and 2% for asymptomatic patients. We studied the in-hos-

pital stroke/death incidence and transient ischemic attack (TIA) incidence of tfCAS in our community hospital. We hypoth-

esize that at our institution, stroke/death/TIA risk will be low and numerically lower than previously published data because

each of our operators is an experienced interventional cardiologist (IC) as defined below while the operator volume was

more mixed in a some of the prior studies. We also hypothesize that tfCAS when done by experienced ICs is safe despite the

concern of increased stroke risk in crossing the aortic arch with equipment during tfCAS. We acknowledge that this con-

cern can be avoided in transcarotid carotid artery revascularization (TCAR). However, ICs do all their coronary procedures

by going across the aortic arch and may be experienced and skilled enough that going across the aortic arch is not a signifi-

cant risk factor in tfCAS performed by experienced ICs. Additionally, our hospital has long history of doing carotid stents

since the original tfCAS randomized trials and the greater institutional experience may also improve outcomes.
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Methods: Between January 1, 2015, and February 2, 2024, 636 patients underwent tfCAS procedure. All patients that under-

went tfCAS were included in our analysis. Stroke data was prospectively collected throughout as our program participated

in Carotid VQI (Vascular Quality Initiative) registry. Hence, this was a retrospective analysis of prospectively collected data

entered in the VQI.Carotid VQI registry is a database that collects and analyzes demographic, clinical, procedural and out-

comes data using standardized format. VQI registry uses dedicated independent staff to collect accurate data and report it to

NCDR (National Cardiovascular Data registry). For all patients, carotid stenosis must be more than 50% for symptomatic

and more than 70% for asymptomatic patients to qualify for tfCAS.Primary endpoint in our study was defined as in-hospi-

tal major adverse outcomes that is stroke, death, and TIA. All cases were done by 3 ICs who met our definition of experi-

enced IC. Experienced IC was defined for this study as having a lifetime experience of doing tfCAS independently for at

least five years before the start of this study in 2015 and meeting a volume requirement of performing over 100 tfCAS cases

over the duration of the study.

Results: tfCAS procedures were performed in 636 patients. The in-hospital stroke, death and TIA were 0.6%, 0.3% and 0.2%

respectively for the overall population. The 176 symptomatic patients were separately analyzed, and the stroke, death and

TIA were 0.6%, 1.1% and 0% respectively. Among the 201 asymptomatic patients, the stroke, death, and TIA were 1%, 0%

and 0.5% respectively. Out of the total of 636 patients, 259 lacked sufficient data to be symptomatic or asymptomatic and

were called “other”. Symptomatic is defined by a history of stroke or TIA within 180 days of the tfCAS. Regardless, the

“other” patients got tfCAS by the same ICs and had stroke, death and TIA of 0.4%, 0% and 0% respectively. The tfCAS were

almost all done with distal protection except for less than 5 out of 636 done with proximal protection. The tfCAS were also

almost all done with transfemoral access with less than 5 patients done via transradial/transulnar access. None of the pa-

tients in the study got mechanical reperfusion therapy for acute stroke and all patients were done for primary or secondary

prevention.

Conclusion: tfCAS for severe carotid stenosis in symptomatic or asymptomatic patients is safe in the hands of experienced

ICs in a real-world patient population. The in-hospital stroke, death and TIA rates are numerically lower than the previous-

ly reported rates. Our in-hospital combined stroke and death rates in symptomatic and asymptomatic patients are 1.7% and

1% respectively and numerically less than the acceptable safety thresholds of 2% and 4% respectively for symptomatic and

asymptomatic patient populations (1). Results may not be the same with less experienced operators, however (1). Our hospi-

tal has been doing tfCAS by the 3 ICs since 2001 and hence institutional experience may be a factor as well in our excellent

outcomes.

Keywords: Carotid Stent; Experience; Stroke; Asymptomatic Patients; Transfemoral Carotid Artery Stenting

Abbreviations

ASA=American  Society  of  Anesthesiologists,  Pre-Adm  Living  Status=preadmission  living  status,  AMP-amputation,

PCI=percutaneous  intervention,  CABG=coronary  artery  bypass  grafting,  CEA=carotid  endarterectomy,  CAS=Carotid

artery stenting, all transfemoral less than 5 transradial or transulnar, Hx=history, CHF=congestive heart failure, MI=myo-

cardial infarction, Inf=infection, DC=discharge)

Introduction

Severe  Carotid  stenosis  is  an  important  cause  of

stroke  that  is  a  leading  cause  of  death  and  disability  [1].

About 10-15% of strokes are caused by severe stenosis of in-

ternal  carotid  artery  [2].  Prior  studies  have  shown  that

carotid  stenosis  treated  by  revascularization  using  Carotid

endarterectomy (CEA) reduces the risk of stroke in patients
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with  recent  cerebrovascular  symptoms  [3].  CEA  is  benefi-

cial  in  not  just  severe  but  also  moderate  symptomatic

carotid  stenosis  [4].  CEA  has  reduced  the  stroke  risk  in

asymptomatic  carotid  stenosis  also  [5,6].  Transfemoral

Carotid  stenting  (tfCAS)  is  an  alternative  to  carotid  en-

darterectomy  and  in  the  initial  studies  was  not  as  safe  as

CEA  with  large,  randomized  trials  finding  a  higher  risk  of

stroke  in  tfCAS  patient  groups  [7,8].  More  recent  studies

have  shown  that  tfCAS  and  carotid  endarterectomy  have

similar short- and long-term outcomes [9,10]. However, de-

spite  the  recent  results,  major  medical  and surgical  society

guidelines still favor CEA over tfCAS often because of large

meta-analyses  or  older  randomized trials  [11-13].  Recently

Transcarotid  artery  revascularization  (TCAR)  has  become

rapidly adopted and even favored as the preferred form for

carotid revascularization [14-16].

For  our  discussion,  we are  focused exclusively  on

transfemoral stenting (tfCAS) done by interventional cardi-

ologists  (ICs)  who  do  not  perform  TCAR  (Transcarotid

artery  revascularization).  The  purpose  of  this  study  was  to

evaluate  the  stroke,  death,  and  TIA  risk  as  a  primary  out-

come  and  other  major  periprocedural  and  postprocedural

risks  like  cardiovascular  risk  and  access  site  complications

as  secondary  outcome  of  tfCAS.  All  patients  in  our  study

were  treated  in  a  community  hospital  with  all  procedures

performed  by  high  volume  ICs.  It  is  likely  that  just  like

carotid  endarterectomy and complex coronary procedures,

carotid  stenting  has  very  low  complication  risk  when  per-

formed by high volume operators in this case ICs [17,18] in

a  single  institution.  The  previous  studies  have  been  criti-

cized for lower volume operators performing tfCAS proce-

dures [19].

tfCAS is a United States Food and Drug Adminis-

tration (FDA) approved procedure in patients with sympto-

matic  and  asymptomatic  carotid  artery  stenosis.  More  re-

cently,  Centers for Medicare and Medicaid Services (CMS)

expanded the  coverage  for  tfCAS [19].  However,  its  stroke

risk compared to carotid endarterectomy (CEA) remains a

concern  [11,19].  The  acceptable  threshold  for  safety  stan-

dards for tfCAS is a stroke and death risk of less than 6% for

symptomatic  and  less  than  3%  for  asymptomatic  patients

but these are 30-day event rates [11,19]. Given that some of

the events occur after discharge, the in-hospital events have

recently been suggested to be less than 4% for symptomatic

patients and 2% for asymptomatic patients after tfCAS [19].

We hypothesize that with each of our operators be-

ing a very high-volume IC, our stroke risk will be very low

and  numerically  lower  than  prior  randomized  studies  as

well as the prior observational data where the operator vol-

ume  was  more  mixed  [11,20].  So,  we  hypothesized  that

should be able to meet the safety standards of less than 2%

and less  than  4% death  and  stroke  combined  rates  respec-

tively for asymptomatic  and symptomatic  for tfCAS at  our

institution. We also hypothesize that tfCAS in hands of ex-

perienced  ICs  is  safe  despite  concerns  about  going  across

the  aortic  arch  with  wires  and  catheters  as  opposed  to

TCAR  [15].  Experienced  IC  was  defined  for  this  study  as

having a lifetime experience of  doing tfCAS independently

for  at  least  five  years  before  the  start  of  this  study  in  2015

and meeting a volume requirement of performing over 100

tfCAS cases over the duration of the study. We hypothesize

that  ICs  do  all  their  coronary  procedures  by  going  across

the  aortic  arch  and  hence  are  experienced  and  skilled

enough that going across the aortic arch is not a significant

risk factor for stroke when tfCAS procedures are done by ex-

perienced ICs.

Materials and Methods

Between  January  1,  2015,  and  February  2,  2024,

636  patients  underwent  tfCAS  procedure.  All  patients  that

underwent tfCAS were included in our analysis. Stroke data

was prospectively collected throughout as our program par-

ticipated  in  Carotid  VQI  (Vascular  Quality  Initiative)  reg-

istry. Hence, this was a retrospective analysis of prospective-

ly collected data entered in the VQI.Carotid VQI registry is

a database that collects and analyzes demographic,  clinical,

procedural  and  outcomes  data  using  standardized  format.

VQI is a collaborative network of vascular specialists, hospi-

tals,  and  researchers  aiming  to  get  quality  data  with  the

eventual goal of an improved patient care looking at various

program’s outcomes.  VQI registry uses dedicated indepen-

dent  staff  to  collect  accurate  data  and  report  it  to  NCDR

(National  Cardiovascular  Data  registry).  For  all  patients,

carotid  stenosis  has  to  be  more than 50% for  symptomatic

and more than 70% for asymptomatic patients to qualify for

tfCAS [10,11].All cases were done by 3 ICs who met our def-
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inition of experienced IC.

All  cases  were  done  by  3  interventional  cardiolo-

gists,  each  with  a  volume  of  over  100  carotid  stent  cases

each over the study’s duration and lifetime experience of do-

ing  carotid  stents  independently  of  over  five  years  at  the

start  of  this  follow  up  in  2015.  The  hospital  also  has  em-

bodied  dedicated  carotid  program  meetings  where  the

carotid stent outcomes are discussed by interventional cardi-

ologists,  vascular  surgeons,  neurosurgeons,  neurointerven-

tional and neurologists who all have chance to evaluate the

data for its validity and accuracy. The data in the VQI is en-

tered  by  independent  group  of  people  who  are  not  em-

ployed by the interventional cardiologists and should not be

affected by the operators’ biases.

Symptomatic  patients  were  defined  as  those  who

had  a  history  of  cerebral  infarction  (CVA)  or  transient  is-

chemic attack (TIA) symptoms within six months. Asympto-

matic patients were those who had no stroke or TIA symp-

toms within the last 6 months.

Symptomatic  patients  with  stenosis  of  more  than

50%  according  to  the  North  American  Symptomatic

Carotid  Endarterectomy  Trial  (NASCET)  criteria  and

asymptomatic  patients  with  more  than  70%  stenosis  with

perfusion defect according to NASCET criteria were includ-

ed as tfCAS indications [10,11].

Periprocedural  major  outcome  was  defined  as  a

stroke/death/TIA that occurred after tfCAS. Periprocedural

stroke  was  classified  into  TIA  (transient  ischemic  attack)

and CVA (cerebrovascular accident) according to standard

neurological  definitions  [11].  Procedure-related  death  was

defined as inhospital mortality.

Secondary  outcomes  were  in-hospital  MI,  CHF,

and  vascular  complications.

None  of  our  patients  had  age  less  than  18  years.

None  of  our  patients  had  simultaneous  carotid  stenting

with  mechanical  thrombectomy  or  carotid  stenting  during

coil  embolization  since  our  procedures  were  all  performed

by adult ICs.

Preoperative  imaging  studies  included  carotid  ul-

trasound  and  carotid  computed  tomography  angiography

(CTA).  It  is  our  practice  to  always  get  carotid  Ultrasound

prior to carotid angiography even if CTA is available.

Dual antiplatelets of aspirin 81 mg and clopidogrel

75  mg  (rarely  ticagrelor  90  mg  BID)  were  routinely  taken

for at least a month after the procedure.

Stent  types  were  first  generation,  and  no  mi-

cromesh  stents  were  used  [21-24].  The  micromesh  stents

have  numerically  lower  stroke  rates  than  first  generation

stents.  The two types  of  stents  used over  the course of  our

study were both first  generation stents and not micromesh

stents  that  is  Precise  (Cordis,  Miami  Lakes,  FL,  USA)  and

Xact (Abbott Laboratories, Chicago, IL, United States).

Carotid angioplasty and stenting procedures

All procedures were performed under local anesth-

esia  via  transfemoral  routes  with  very  rare  transradial  or

transulnar route. During the procedure, oxygen saturation,

electrocardiogram, and blood pressure were monitored.

After the placement of a 6F or 7F short arterial in-

troducer sheath on the femoral artery, either bivalirudin or

intravenous  bolus  injection  of  50  IU  to  60  IU/kg  heparin

was  done  depending  on  ACT  level  that  was  targeted  at

250-300 in all cases. A distal embolic protection device was

employed in all  cases except very rarely a proximal protec-

tion device was used instead.

Pre dilation with a balloon usually 4 mm in diame-

ter was done in all cases. Before balloon dilatation of stenot-

ic carotid artery, the vital signs were closely monitored. The

goal  was  angiographic  less  than  20%  residual  stenosis  that

was achieved in all  our cases.  After the procedure,  patients

were  admitted  to  a  monitored  unit  for  overnight  stay  as  a

routine.  Ultrasound  of  the  carotid  artery  stent  was  taken

within  24  hr.  after  tfCAS.  NIH  score  was  routinely  moni-

tored  overnight  by  NIH  stroke  scale  trained  professionals

overnight at least every 4 hours.

Symptomatic patients were referred usually by the

in-hospital neurology service over the years. The neurology

service  at  our  hospital  routinely  consulted  us  on  patients

with  symptomatic  carotid  stenosis  and  we  responded  with

early carotid stent interventions that we had observed to be

safe at our institution versus the published data [11].
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Asymptomatic  patients  were  referred  from  any-

where around the region given our hospital’s status as a re-

ferral hospital.

Over the last few decades, our ICs have participat-

ed in many randomized nationwide clinical trials involving

tfCAS  like  SAPPHIRE,  CREST  2  and  PERFORMANCE  2

[20,23,24].  Also,  we  were  able  to  take  part  in  the  carotid

stent registries like CREST 2 explaining our high tfCAS vol-

umes [20].

The carotid stents were almost all with distal pro-

tection except for less than 5 patients out of 636 total done

with  proximal  protection  with  lack  of  protection  in  some

earlier studies leading to poorer tfCAS results [25].

The  carotid  stents  were  also  almost  all  done  with

transfemoral  access  with  less  than 5  patients  done transra-

dial  or  transulnar  access  and  yet,  the  stroke  rates  were  ex-

tremely low. This is despite the perception that TCAR may

be  better  due  to  avoidance  of  the  arch  by  the  devices

[14,16].  The  procedures  were  all  done  by  ICs  who  have

done  all  their  procedures  across  the  aortic  arch  and  hence

have experience in that vascular territory.

Follow-up protocol

Patients  underwent  follow-up  carotid  ultrasound

every  year.  Dual  antiplatelet  medication was  continued for

at least one month and preferentially 6 months after tfCAS.

Clopidogrel  was  discontinued  after  that,  and  aspirin  was

maintained  lifelong.

Results

A total of 636 patients underwent carotid stenting

procedures. This was between between January 1, 2015 and

February 2, 2024. Out of these, 201 were asymptomatic, 176

were symptomatic and the data was not clear in 259 and th-

ese  remainder  of  the  patients  were  not  called symptomatic

or asymptomatic but “other”. The total data is below in Fig-

ure 1.

Figure 1: In the overall data of 636 patients, the stroke, death and TIA rates were only only 0.6%, 0.3% and 0.2% respectively.
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The symptomatic patients were evaluated separate- ly as in Figure 2.

Figure 2: In the symptomatic 176 symptomatic patients, the stroke, death and TIA rates were 0.6%, 1.1% and 0%. The overall

30-day incidence of myocardial infarction was also extremely low given at 0%.

The asymptomatic patients were also evaluated se- parately as in Figure 3.

Figure 3: In the 201 asymptomatic patients, the stroke, death and TIA rates were 1%, 0% and 0.5%. The overall 30-day inci-

dence of myocardial infarction was also extremely low given at 0%.
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The  remainder  of  the  patients  out  of  the  total  of

636  that  were  not  classified  into  clearly  symptomatic  or

symptomatic but nonetheless were treated by the three inter-

ventional  cardiologists  at  our institution between the same

time  period  between  1/1/2015  to  12/24/2023  were  also  se-

parately evaluated as the “other” patients. The data from th-

ese “other patients is shown in Figure 4.

Figure 4: In the “other’ category of 259 patients who were not asymptomatic or symptomatic due to lack of adequate data to

know if symptoms were within 6 months or not, the stroke, death and TIA rates were. The overall 30-day incidence of death

and myocardial infarction was 0.4%, 0% and 0% respectively in this mixed patient population.

Discussion

In  this  study,  following  CAS,  the  30-day  stroke

and TIA rates were numerically very low compared to his-

torical  randomized  trials  or  registries.  In  symptomatic  pa-

tients, periprocedural stroke risk was extremely low (0%) as

opposed  to  prior  studies  or  as  mentioned  in  major  guide-

lines [11].

Carotid  Revascularization  Endarterectomy  versus

Stenting  Trial  (CREST)  trial  has  one  of  the  best  data  for

showing  equipoise  of  tfCAS  with  CEA  without  using  mi-

cromesh  second  generation  stents  [11,20,21].  Our  study

with experienced interventional cardiologists has numerical-

ly a lower rate of stroke than CREST. In our study, the risk

of  other  vascular  complications  and  myocardial  infarction

are  also  numerically  very  low  as  can  be  seen  from  the  fig-

ures 1 to 4.

Our  hospital,  University  of  Pittsburgh  Medical

Center  (UPMC)  Hamot  hospital’s  long  history  as  an  ac-

credited  hospital  by  CMS  (Figure  5)  for  carotid  stenting

attests to our hospital’s experienced operators and staff that

led to the good outcomes that we saw. As noted in the fig-

ure,  Hamot  has  been  a  CMS  approved  facility  since  2005

while other hospitals in the figure were approved much lat-

er.
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Figure 5

Among  the  UPMC  hospitals,  again  our  hospital

has  a  unique  high  experience  in  doing  tfCAS  as  noted  in

Table 1 below. In the figure, all the listed hospitals belong to

UPMC system, but Hamot has largest tfCAS numbers.

Table 1

Hospital CEA TCAR TFCAS

Williamsport (Jan 2019 - Nov 2023) 190 83 0

Hanover (Jan 2022 - Nov 2023) 27 0 5

Memorial (Jan 2022 - Nov 2023) 31 27 7

UPP Vascular (Sept 2019 - Sept 2023) 682 81 (78 by Vas Sx) 249 (38 by Vasc Sx)

Hamot ( Oct 2018 - Sept 2023) 187 64 414

Western Maryland (Oct 2018 - Sept 2023) 262 0 21

Altoona

Harrisburg & West Shore (2018 - 2022) 342 64 220

TOTAL 1721 319 916

Regarding our center’s participation in tfCAS clini-

cal  trials  as  outlined  above,  Table  2  below  from  a  nation-

wide Carotid stent trial shows the good performance of our

center  in adhering to the protocol  compared to the overall

study indicating experience of our center in doing tfCAS na-

tionwide trials.
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Table 2

12 Enrolled,6 to procedure Number of
expected Forms Your Site(%) Overall Study(%)

% of Follow-up visits entered and locked 103 98.1 89.5

% of Follow-up visits marked Permanently Missed 103 1.0 8.3

% of expected follow-up visits not yet entered (data
missing) 103 1.0 1.0

So, not only is our IC volume high and our ICs do-

ing  tfCAS  are  experienced,  but  our  facility  is  also  experi-

enced in doing tfCAS presenting an overall high level of ex-

perience leading to the excellent outcomes noted.

There is a debate on stent type in reducing stroke

risk with newest stents having lower risk [21]. In our study,

the  stent  type  was  left  up  to  the  discretion  of  the  operator

and first-generation stents were used with excellent results,

testament to the role of operator experience once again.

Hyperperfusion  syndrome  or  intracranial  hemor-

rhage were not separately recorded per se but would fall un-

der TIA or CVA in our institution’s tracking of neurologi-

cal deficits as a lower NIH score [11].

The carotid stents were almost all with distal pro-

tection except for less than 5 patients out of 636 total done

with  proximal  protection  [11].  Again,  the  very  low  stroke

rates suggest that distal protection if done properly by expe-

rienced  operators  may  be  enough  for  protection  from

strokes.  Some  of  the  prior  trials  showing  worse  outcomes

for  tfCAS have been criticized for  relatively  lower distal  or

proximal  protection usage [25].  Again,  the  very  low stroke

rates suggest that distal protection if done properly by expe-

rience  operators  may  be  enough  for  protection  from

strokes.

None  of  the  patients  in  the  study  got  mechanical

reperfusion  therapy  for  acute  stroke  and  all  patients  were

done for primary or secondary prevention [26,27].

The carotid stents were almost all done with trans-

femoral access with less than 5 patients done transradial or

transulnar access [21] and yet, the stroke rates were extreme-

ly low despite the perception that TCAR may be better due

to  avoidance  of  the  aortic  arch.  The  procedures  were  all

done by interventional cardiologists who do all their proce-

dures across the aortic arch though and hence have vast ex-

perience in that vascular territory.

Limitation

It  is  a  single  center  study,  but  it  is  supposed  to

show the special value of operator experience in better out-

comes and hence it  may be a strength of  the study as well.

The study was done with retrospective analysis of data, but

the data had been collected prospectively as part of the VQI

registry.

The other  limitations  include that  259 patients  in

the data were not defined as symptomatic or asymptomatic

and  were  treated  before  such  criteria  became  part  of  the

VQI  registry  data.  There  is  also  lack  of  a  control  group  in

the study and the generalizability of  the study is  limited to

centers similar to ours with trained ICs performing the pro-

cedures.

Conclusions

tfCAS  for  severe  carotid  stenosis  in  symptomatic

or  asymptomatic  patient  population  is  very  safe  in  the

hands  of  experienced  ICs  in  a  real-world  patient  popula-

tion. The in-hospital stroke, death and TIA rates are numeri-

cally  lower  than the  rates  reported  in  previously  published

data [11]. Our in-hospital stroke/death rates in symptomat-

ic  and  asymptomatic  patients  are  less  than  2%  and  4%  re-

spectively and meet the acceptable safety thresholds [11,20].

Results  may  not  be  the  same  with  less  experienced  opera-

tors, however [20].
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