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Comment #1:

Submitter: Peter Fail

Organization: Cardiovascular Institute of the South
Date: June 28, 2004

Comment:

As an investigator of cartoid stenting in high
risk patients, | feel that coverage of these
patients will become a necesseity. The high risk
patients not only has Carotid disease but
usually a whole host of other vascular co-
morbidiities that makes a surgical option "high
risk". There are also those patients that the
surgical option is non-existant due to anatomy
weather a high or low lesions or because of
prior radiation or surgery, etc. The proper
training will difficult to access. Even those
physicians in trial some of them have low
numbers. (It is assumed that their numbers to
get in to the trial was adequate). I am not sure
what should be considered as an "adequate™
number to be considered "trained". As the trials
evolved the advent of embolic protection made
the procedure "safer". There have been a number
of times that | found debris in a filter and was
thankful for it. The clinical event may not be
that different with or without filters how ever

I would argue that any debris in the brain is
bad. It may not result in a clinically evident
stroke, only a memory of a friend or something
else that "can't" be tested for. | feel that

using the current critera that were put forth

as "high risk" by both SAPPHIRE and ARCHER some
be atleast the baseline that can be used as a
CAS requirement for "coverage". Thank you for
your consideration

Organization:

Comment #2:



Submitter: Stanley Barnwell

Organization: Oregon Health and Sciences University
Date: June 28, 2004

Comment:

The Sapphire trial and numerous other
publications, as well as our own large personal
experience with this technique, have shown it to
be a safe and effective treatment for carotid
artery disease. Approving wider indications will
be beneficial to patient care.

Comment #3:

Submitter: Jon Matsumura
Organization: Northwestern university
Date: July 1, 2004

Comment:

i am a vascular surgeon in full time academic
practice who does medical therapy,
endarterectomy, and stenting. i think the stent
procedure is the preferred treatment for some
patients with carotid stenosis and should be a
covered benefit. the difficulty is in defining
these selected patients separately from those
patients where we are not sure how CBAS compares
with CEA. while it is tempting to use the
sapphire, archer, or other registry entry

criteria, this is impractical. many of these
criteria are subjective, require other testing

that may not be clinically indicated, or involve
data which is not available at the time the
patient decision-making occurs. the AHA policy
statement recommends that symptomatic carotid
stenosis be worked up and treated within a week.
for example, if a patient is prepared for a stent
procedure based on home oxygen, but there are no
recent PFT's, should they be repeated just to
document FEV1? what if the new PFT's show a
better than expected FEV 1, but the patient has
been loaded on plavix, and now a CEA must be
delayed for it to wear off? i must confess that i
do not have a solution to offer, but there needs
to be a "safe harbor" where clinicians and
patients can act based on the information



available, and not delay therapy or perform
medically unnecessary testing in order to
document research-associcated entry criteria.
what was possible in a research study is not
practical in every day clinical environment.

my second comment is in regards to training. i
think there can not be too much training. what
may have worked (or failed depending on your
opinion) in 1999 with AAA endografts, is not
enough in 2005. of course, every specialty also
has their "dibs™ and exclusionary suggestions.
my suggestion is that you let the societies
determine criteria for their own specialty, but
then hold them to audited results--like liver
transplantation. if a clinician doesn't meet
certain thresholds, then they don't get
reimbursement.

Comment #4:

Submitter: Malcolm Foster
Organization: ETHC/BHET
Date: July 2, 2004
Comment:

Our practice has been involved with carotid
stenting since 1997. We have treated several
hundred patients. Costs have been low, compared
to endarterectomy. Outcomes have been excellent,
with few complications, lower than the published
rates. From our experience carotid stenting

should be the procedure of choice to prevent
stroke in high risk patients. Please extend
coverage to appropriate medicare patients.

Comment #5:

Submitter:  Angelo Makris
Organization: Midwest Heart Specialists
Date: July 2, 2004

Comment:

The SAPPHIRE trial clearly proves superiority of
Carotid Stenting compared to Carotid
Endarterectomy in high risk patients. The FDA
panel agrees. It is up to Medicare to take note

of these results and issues and approve



coverage. Medicare patients would be poorly
served if they are high risk and have to go for
endarterectomy instead of stenting.

Comment #6:

Submitter: Russell Rotondo

Organization: East Tennessee Heart Consultants
Date: July 2, 2004

Comment:

| agree that National coverage for carotid
stenting should be extended to the populations
requested.

Comment #7:

Submitter: Gregory Mishkel

Organization: Prairie Cardiovascular Consultants
Date: July 5, 2004

Comment:

I am writing as a busy interventional
cardiologist, who has participated in IDE trials
of carotid stenting from the original Wallstent
trial on through the NIH CREST trial. | was the
local PI for both the Sapphire, BEACH & Archer
trials.
| believe the weight of evidence from these
clinical trials demonstrates that CAS is at least
as effective as CEA, but can be performed in high
risk populations with less cardiac mordity, and
clinically acceptable risks (no difference with
respect to minor/majory strokes). The cumulative
weight of multiple studies now supports the
clinical release and reimbursement for this
procedure. Within my own practice many patients
have benefitted via reductin in subsequent
strokes and hopefully with clincal release,
others will have access to this durable
procedure.

The clinical rationale for approval is quite
simply that surgical endarterectomy is often
prohibitively risky for many patients or indeed
may not be possible without considerably
increased risk. Many patients are either too old
(age>80) or have so many medical comordities



which may compromise their postoperative course
(advanced cardiac disease, severe pulmonary
insfufficiency, uncontrolled hypertension are
probably the most common). Many anatomical
features add risk to surgery, and these include
previous neck irradiation, a contralateral

carotid occlusion or laryngeal nerve palsy,
previous ipsilateral failed endarterectomy and a
high carotid lesion above the angle of the jaw)or
the need for concommitant cardiac surgery.
Clearly as this procedure moves from the realm of
investigation (and usage by high volume
operators) to the clinical arena, care will have

to be paid to appropriate indications and

training. | believe that evidence supports the

use of CAS in high risk symptomatic patients with
>60% stenosis and asymptomatic patients with >80%
stenosis. Operators to should be well versed in

the field of peripheral interventions, and will
come from the disciplines of neurosurgery,
cardiology, radiology and vascular surgery. It is
imperative that they have a wide variety of
technical skills to include knowledge of carotid
anatomy and cereberal physiology as well as hands
on skills with guiding catheters and small wires

as well as embolic protection devices. Potential
operators will have to have facility managing the
hemodynamic and cardiac instability which may
follow CAS, as well as have access to an
interested neurologist and radiologist for post
procedural evaluations if necessary.

Initial training can be provided via didactic
learning on line or through printed material.
Ultimately potential operators will have to

travel to regional training centers for technical
education.

Personally | believe that the procedure should be
restricted to high volume cardiac or vascular
centers. In the endarterectomy literature, it is

well established that there is increasing

mortality and morbidity relative to a sites
endarterectomy volume. | have committed 9 years
of my professional life to participating in
FDAVJIDE trials and has shepparded this program
through our my own medical community and IRB, |
am quite concerned about the potential for



practitioners to take commercially available
systems "off the shelf" and cobble together a
carotid stent program without appropriate
training or oversight once this procedure
becomes "commercially available". There are very
substantial economic/competitve forces at play
between individual practitioners, hospitals and
specialities here that could destroy the field,

and very adversely effect patient outcomes. For
the last decade | have been involved in training
predominantly cardiologists, but also vascular
surgeons in advanced vascular interventions, and
although the vast majority are thoughtful,
competant and well intentioned, it is
incomprehensible to me that all of them are going
to be capable of safely performing this procedure
in a widespread capacity.

Comment #8:

Submitter: Harvey M. Wiener, DO, FSIR, FCIRSE, FAHA
Organization:

Date: July 1, 2004

Comment:

Dear Dr. Chin -

I am an Interventional Radiologist with sixteen years experience practicing
in Phoenix, Arizona. | applaud the deliberations by your organization in
reference to Carotid Artery Stenting. While | have not participated in any
clinical trails, I have personally performed thousands of carotid
arteriograms and placed thousands of stents in a multitude of arteries.

This new technology is unique as it may ultimately supplant carotid
endarterectomy; a mainstay procedure of the Vascular Surgeon. The downside
is that patients may be harmed by those that will perform this procedure
without adequate training or an appropriate knowledge base. If you haven't
already done so, | would like to refer you to the Journal of VVascular and
Interventional Radiology, October 2003, in which a position paper was
published about the topic of carotid intervention and the need for

appropriate training and credentialing guidelines. In addition, the

American Society of Interventional and Therapeutic Neuroradiology is holding
its first annual meeting this summer and will include a 16 hour CME course

on carotid intervention, patient selection, and problem solving

(www.asitn.org <http://www.asitn.org/>). The ASITN has worked closely with




the Society of Interventional Radiology (www.sirweb.org
<http://www.sirweb.org/>) to make this course a foundation for those
physicians who desire to perform carotid intervention.

While the device manufacturers will be required to provide training on their
products, CMS/HHS may want to consider that physician operators also
demonstrate an appropriate knowledge base prior to undertaking care of these
patients. It may also be essential to consider how the manufacturer will

train the operator. For example, the Guidant Corporation has considerable
experience in physician training based on their aortic stent graft

experience. The Cordis Corporation, while an excellent company, has limited
experience in physician training. The aforementioned journal article and
CME course may provide you with solid, unbiased information about some of
the ancillary issues that need to be considered prior to inserting a stent

into a carotid artery. A deliberate plan, orchestrated in concert between
CMS/HHS and the device manufacturers will only benefit patient safety and
the ultimate total acceptance of this procedure as the standard of care for
patients with carotid stenosis.

Thank you for you time and consideration. | would be happy to continue a
dialogue with you, if you think it appropriate.

Harvey M. Wiener, DO, FSIR, FCIRSE, FAHA

Comment #9:

Submitter: Scott Smith
Organization:

Date: July 6, 2004
Comment:

Based of the clinical data on carotid stenting. |
feel CMS should reimburse carotid stenting.

Comment #10:

Submitter: Mark H. Wholey, M.D. and Roseanne R. Wholey

Organization: Pittsburgh Vascular Institute and Roseanne R. Wholey and Associates
Date: July 14, 2004

Comment:

Dr. Steve Phurrough c/o Rana Hogarth
Coverage and Analysis Group

Centers for Medicare and Medicaid Services
7500 Security Blvd.

Mail Stop C1-09-06

Baltimore, MD 21244



Dear Dr. Phurrough,

We are interested in providing our comments for carotid artery stenting
procedures (CAG-00085R).

Regarding the topics that we viewed on the tracking sheet our responses are
as follows:

Definition of patients at "high risk™ for carotid endarterectomy:

The subset of patients with a high risk from surgery includes patients who

have had prior endarterectomy and present with restenosis, patients who have had
laryngeal nerve damage from prior surgery, or who have a history of radiation
therapy to the head/neck, or who have high grade stenosis in one carotid

artery and total occlusion of the opposite. Octagenarians are high risk.

Patients with renal failure or patients who need urgent bypass surgery, patients with
unstable angina, and patients with any other significant comorbidities. The

trial patients all had 80% stenosis or greater.

Provider qualification and training:

Providers have to be experienced interventionists who have performed at least
100 diagnostic arteriograms. Te be credentialed you would have to have
participated in the trials or have experience with at least 25 carotid stents with
favorable outcomes with less than 5% peri-procedural stroke.

Efficacy of embolic protection devices:

The literature in the trials support the efficacy of embolic protection

devices and procedures should not be done without them unless there is a rare case
where it is technically not possible to deploy and carotid stenting is

mandatory.

Results from other carotid stenting trials:

The carotid stent trials have met their endpoints and have shown equivalency

or non-inferiority to endarterectomy. The randomized SAPPHIRE trial had event
rates that were superior to carotid endarterectomy in several parameters

namely peri-procedural and one year stroke event rates, myocardial infarction,
cranial nerve palsy, and procedural bleeding. Archer met it's non-inferiority

end point against historic weighted control studies. Without question it is
appropriate for the high risk patient population. If one looks at the diabetic
population high risk subset there is clearly a significant difference in

stenting vs. endarterectomy.

Degree of facility experience:
Trained personnel for peripheral vascular procedures (including physicians,
technical staff and lab facilities) are necessary.



Types of provider training programs to be developed:

On-line didactic training programs prior to participate at an educational
carotid center where case discussion, techniques and patient selection is
thoroughly discussed, followed by taped or live case presentations and finally
proctoring of the trainee in his own laboratory.

Supporting staff and specialty requirements:

All procedures should be screened by a neurologist and preferably a stroke
neurologist. Periodic post procedure follow-up should occur at 30 days, 6
months and one year.

Stipulations in place to ensure appropriate use:
Procedural outcome analysis similar to what existed in the trials.

Thank you for considering our comments. Hopefully the outcome will be a
complete overturn of the national non-coverage policy established in 1984 with
reimbursement of the new 2005 stent codes at a rate similar to that of carotid
endarterectomy.

Sincerely,

Mark H. Wholey, M.D.
Chairman Pittsburgh Vascular Institute

Roseanne R. Wholey
President, Roseanne R. Wholey and Associates

Comment #11.

Submitter: Barbara Calvert
Organization: Guidant

Date: July 15, 2004
Comment:

Guidant Corporation welcomes the opportunity to comment on the reconsideration of
coverage for carotid artery stenting (CAS) by CMS. Guidant fully supports modification
of the current national policy to permit coverage of carotid stenting for patients at “high
risk” for carotid endarterectomy (CEA). Our comments will address information
requested by CMS in the NCA tracking sheet including the definition of high-risk
patients, results of the ARCHeR clinical trials, the efficacy of embolic protection
systems, and provider qualification and training.

Headquartered in Indianapolis, Indiana, with manufacturing and/or research facilities in
the states of Minnesota, California, and Washington, as well as in Puerto Rico and
Ireland, Guidant Corporation is a leader in the research, development, and manufacturing
of medical technologies primarily in treatment of cardiovascular and vascular illnesses.



Definition of High-Risk Patients

Guidant recommends that CMS revise the current coverage policy [Percutaneous
Transluminal Angioplasty (PTA) of the Carotid Artery Concurrent with Stenting (#CAG-
00085A)] as follows:

Coverage shall include the high-risk patient as defined by clinical evidence:

e Carotid stenosis > 50% and recent neurological symptoms referable to the lesion
or stenosis > 80% without recent neurological symptoms

e Significant co-morbidities: examples but not limited to coronary, renal, and
pulmonary diseases, uncontrolled diabetes or angina, essential hypertension

¢ Anatomical factors precluding surgical access or increasing surgical risks

¢ Restenosis of prior CEA or other previous neck surgeries

e Contralateral carotid occlusion

Clinical Evidence Supporting Coverage

Guidant believes that evidence from the ARCHeR, SAPPHIRE, and other high-risk
carotid stenting trials clearly demonstrates the benefit of CAS coverage for patients at
high risk for surgical treatment. Guidant sponsored the ARCHeR (ACCULINK™ for
Revascularization of Carotids in High Risk patients) Trials. Inclusion criteria, rigor, 30-
day data and 12-month clinical results and protocols were presented to the Coverage and
Analysis Group August 2003 and April 2004. Therefore, the following only summarizes
the clinical evidence.

Overview of ARCHeR Trials

Guidant‘s ARCHeR Trials (ARCHeR 1, 2, and 3) were a series of three prospective, non-
randomized, multi-center clinical trials of patients deemed at high-risk or unsuitable for
CEA. The ARCHEeR trials were conducted to evaluate the safety and effectiveness of
CAS using the ACCULINK™ Carotid Stent System and the ACCUNET™ Embolic
Protection System (EPS) for the treatment of carotid artery disease. These patients were
considered at high risk for CEA due to the presence of surgical/medical co-morbidities or
anatomy unfavorable for CEA. Of the 657 enrolled patients, 73% of participants were
Medicare beneficiaries.

Obijective:

The objective of the ARCHeR trials was to establish non-inferiority of carotid stent
therapy using ACCULINK with or without ACCUNET in high-risk patients to an
historical control of the standard of care (CEA and/or medical management) in a similar
patient population. The primary endpoint was a composite of 30-day death, stroke, and
MI, plus ipsilateral stroke to one year. The comparative outcome rates for the standard of
care were derived from analysis of the literature on CEA and medical therapy, and are



defined as the “weighted historical control (WHC)”. The WHC comparison rate for
ARCHeR 1 and 2 was 14.5%. ARCHeR 3 evaluated a modified delivery system and was
designed to show equivalence with the results in ARCHeR 2 at 30-days.

Inclusion criteria:

Inclusion criteria and stent design were identical in all trial phases.

However, ARCHeR 1 did not include the ACCUNET. ARCHeR 2 and 3 both included
the EPS device with only a modification in the delivery system for ARCHeR 3.

Patients with a recent neurological event and stenosis > 50% by angiography or
asymptomatic patients with stenosis > 80% by angiography were eligible.  Patients
enrolled were required to be at high risk for surgery based on the presence of one or more
medical or surgical co-morbidity or unfavorable anatomical features. Medical/surgical
co-morbidities included significant coronary disease, pulmonary disease, renal failure,
uncontrolled diabetes,
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restenosis after previous CEA, unstable angina or contralateral occlusion.
Unfavorable anatomy included post-radical neck surgery, surgically inaccessible
lesions, and contralateral laryngeal nerve palsy. Most characteristics would have
excluded the patient from earlier CEA trials such as NASCET and ACAS. Nearly
86% of patients met criteria for medical/surgical co-morbidities; the remainder
were categorized as anatomy not favorable for CEA.

Primary Endpoint Results for ARCHeR 1 and 2:

The endpoint was a composite of all death, stroke, MI at 30 days plus ipsilateral
stroke between 31 days to 1 year. The study hypothesis of non-inferiority
(equivalence) in a high-risk population was proven since the composite endpoint
rate at 365 days was less than the 14.5% WHC in both ARCHeR 1 (8.3%) and
ARCHeR 2 (10.2%).

Primary Endpoint Results for ARCHeR 3:
The ARCHeR 3 composite of all death, stroke, and MI at 30 days (8.3%) was
non-inferior (equivalent) to the rate observed in ARCHeR 2 (8.6%).

Hierarchical Data ARCHeR | ARCHeR | ARCHeR
1 2 3
N = 158 N = 278 N =145
30-day event rates
Major and Fatal Strokes 1.9% 1.4% 1.4%
Death & All Strokes 6.3% 6.8% 7.6%
Death / All Stroke / Ml 7.6% 8.6% 8.3%

Composite Endpoint rates vs WHC of 14.5% for ARCHeR 1 and 2

30-day death, stroke and MI, plus
ipsilateral stroke between 31 and
365 days

8.3% 10.2% N/A

Summary:
Results from the ARCHeR trials have demonstrated that the ACCULINK Carotid

Stent System and the ACCUNET EPS are safe and effective in treating carotid
artery disease for patients with high-risk surgical/medical and anatomic co-
morbidities.

Efficacy of Embolic Protection (EP)

The purpose of EP is to capture debris that may be dislodged during a stenting
procedure. During the ARCHeR 3 clinical trial, the ACCUNET™ EPS deployed
in all but 2 cases. Of 136 devices examined by the pathology core lab, 58% of the
baskets collected atherosclerotic debris of various types. The summary pathology
report from Armed Forces Institute of Pathology Chairperson, Renu Virmani
M.D. concluded “the ACCUNET™ filter device appears to be effective for
safeguarding distal cerebral vasculature from potentially harmful embolic debris
during invasive procedures in carotid arteries. ... The average particle area was
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0.04-mm?, which, if left alone, could place the distal cerebral tissue at risk for
ischemia/necrosis.” There was no statistical difference between composite
death/stroke/MI endpoints of the ARCHeR trials with or without embolic
protection. The three ARCHEeR trials were not powered or designed to show a
difference between CAS with or without EP. We anticipate EP will be used in the
majority of cases unless it is technically unfeasible or judged to have undue
patient risk.

Training

The Guidant plan for provider device training was presented to the CMS
Coverage and Analysis Group on May 27th and Guidant is considering CMS
suggestions for incorporation into the final plan. Discussions with the FDA
regarding this post-approval training program should be finalized by the end of
July 2004.

The Guidant training plan will include a controlled release of ACCULINK and
ACCUNET to specific physicians and hospitals. Physician training will be in
three levels. Level 1 is for physicians who gained experience in Guidant carotid
clinical trials and will focus on an updated device training and approved
indications. Level 2 training will be for providers who participated in non-
Guidant clinical trials and/or were trained via approved training programs by
other carotid device manufacturers and have experience with their devices. The
Level 3 program will be for physicians with extensive endovascular experience
but minimal experience in carotid artery stenting. Level 3 training agenda
includes didactics, case reviews, performing cases on simulators, and hands-on
experience via anatomical models. Upon completion, physicians will receive
documentation of participation. Hospitals will also be educated on the stent
system, approved indications, and the procedure prior to release of product to
their site. A Guidant carotid trained field representative will be present to support
the first three cases and additional cases at the request of the physician.

Conclusion

Given the strong clinical evidence supporting the benefits of carotid stenting,
widespread support in the medical community, and the critical need for
endovascular treatment options for Medicare beneficiaries, we urge CMS to act
expeditiously and implement CAS coverage for Medicare beneficiaries at high
risk for surgical treatment.

We also request that CMS take steps to assure adequate inpatient CAS payment
concurrent with coverage. Specifically, we recommend that CMS consider, on an
interim basis for FY 2005, assigning to DRG 533 (Extracranial Vascular
Procedures with CC) all carotid stenting cases that otherwise could have been
paid under the DRG pair 533/534. Adequate payment is essential to ensure patient



access following FDA approval and coverage and for ongoing carotid stenting
clinical trials.

Please let us know if you have questions or require additional information.



Comment #12:

Submitter: Gary M. Ansel, MD
Organization: Riverside Methodis Hospital
Date: July 18, 2004

Comment:

I would like to comment on the coverage for carotid stenting. | and my two
partners have been active in this field since the early Wallstent Trials.
We have participated in every FDA trial to date.

Definition of high risk
Procedural = previous neck radiation, previous carotid
endarterctomy or lateral neck surgery,
bilateral disease, contralateral occlusion,
altered anatomy of surgical access site,
difficult surgical access, high cervical lesion,
intra-thoracic lesion
Significant comobidities = 2 vessel coronary disease with either
angina or ischemia on
noninvasive testing, COPD, CHF, need of
abdominal or thoracic surgery within
30 days, advanced age >75 years old.

Provider qualification and training= Having trained other individuals from
multiple specialties the

common denominator is catheter skills. No
matter the specialty preceeding

catheter skills by training or experience
allows for learning the procedure.

Metrically controlled testing of cognitive and
procedure performance must

be demanded due to the varied specialties to
undertake this procedure.

From a cognitive standpoint the physician
should undergo an extensive training

module in carotid disease and management prior
to approval.

Efficacy of embolic protection: Though the first 125 procedures performed
at our institution were
not associated with a neuro event (neurologist
controlled) patient selection was
utilized. Since the use of embolic devices we
have been less restrictive on our
patient selection with the same results. We
visually find debri in approximately



25% of the devices. Some of these debri are
quite large and undoubtly would
have been associated with severe neuro
compromise. The world carotid registry
we are involved in has shown a consistent
decrease in neuro events since the
addition of the devices. The new protection
devices | feel will allow for even less
risk as they are smaller and easier to utilize.
Evidence of efficacy and appropriateness of the procedure: The SAPPHIRE
trial clearly demonstrates
both immediate decreased risk as well as
increasing benefit over surgery
periprocedurally as well as at the 1 year time
frame. This trial did not even
include the intrathoracic common carotid lesions
that are now not treated
surgically due to the high rish and invasive
nature of the surgical treatment which
is off set by the relative ease of stenting.
Degree fo facility experience: Though we started with a multispecialty
approach this was out of fear
strokes and the perceived need for the potential
need of rescue procedures for
distal emboli. This has not been the case. Our
institution has never needed to
perform surgical rescue and have dropped the
mutlitspecialy requirment. As stated
previously catheter skills are a common denominator
for successful procedure
learning and allow for low risk institution of the
procedure. We do feel that an
extensive training program is needed for
institution of this procedure. Previous
cerebral vascular angiography training does not
appear necessary and can be
instituted into the carotid stent training.
Neurology consultation must be available
on site to allow for successful program initiation.
Types of training: Due to the multiple specialties involved, all with their
own deficiencies | would
recomend that a comprehensive program with metrics
on cognitive and
procedural aspects be tested. Training to only the
device will not be sufficient
for physicians.



Supporting Staff: The supporting staff should be trainined on neurological
patient assessment as

well as on the device.
Stipulations: Providers should be required to successfully complete industry
training as well as have a

primary catheter based practice. This would
require endovascular credentials

at their institution.

Comment #13:

Submitter: Stephen F. Daugherty, MD, FACS, RVT
Organization: Clarksville Surgical Associates, PLC
Date: July 18, 2004

Comment:

I write to you as a private vascular surgeon with a long and broad

experience performing endovascular procedures in multiple vascular beds.
The hospital in which | practice has four vascular surgeons on staff, all of
whom are skilled and experienced with complex endovascular procedures, the
most common of which are angioplasty and stenting procedures. We perform
carotid endarterectomy (CEA) on a regular basis and we have a modest
experience performing carotid angioplasty/stenting (CAS).

PATIENT SELECTION

I am very eager for carotid stenting to become available for my patients who
I consider high risk for CEA. The initial clinical trial results are

convincing even to many of the most reluctant vascular surgeons that we
should be using CAS for selected patients who are at high risk for CEA. |
am troubled that we cannot yet offer the technology to carefully selected
patients who | deem to be better served by CAS. High risk patients include:

Severe chronic obstructive pulmonary diseae

Ischemic heart disease with baseline ischemia

Recurrent carotid stenosis

History of neck irradiation or ipsilateral radical neck dissection

Severe congestive heart failure

Common carotid or internal carotid artery stenosis in locations not
accesssible through the standard

neck incision

As you know, data from trials of CEA versus medical therapy have supported
CEA for pateints with a greater than 50% carotid stenisis who are



symptomatic for ipsilateral carotid embolic events and for patients who have
a greater than 80% stenosis and are asymptomatic. | believe this group of
patients should be considered for CAS if they have one or more of the risk
factors listed above.

PROVIDER QUALIFICATIONS AND TRAINING

CAS should be performed only by physicians who have considerable experience
performing endovascular procedures in the non-coronary vascular beds such as
the iliac, renal, subclavian, upper and lower extremity, and mesenteric

arteries. The skill sets required for performing carotid arteriograms and

for CAS are all identical or only minimally different from the skill sets
possessed by experienced endovascular physicians. Only very modest
additional hands-on training is necessary for a skilled endovascular

physician to safely perform CAS. While some willl encourage you to require

a large volume of CAS experience in an effort to impede other skilled
endovascular physicians from providing the service to their patients, the
emphasis should be on assuring that the physician has a broad range of
endovascular skills and experience which transfer very easily to performance

of CAS.I believe that a physician should have an absolute minimum of 100
major non-coronary endovascular procedures as a prerequisite to training for
CAS.

Provider training by means of a didactic course with sophisticated simulator
training and a short hands-on course in CAS should be adequate for

physicians who ALREADY POSSESS A HIGH LEVEL OF ENDOVASCULAR
SKILLS.

A basic prerequisite to performing CAS is thorough knowledge of
cerebrovascular disease, the ability to evaluate the patient clinically, and

to interpret relevant vascular ultrasound, arteriograms, and other
cerebrovascular imaging tachniques. The physician must be able to evaluate
treatment options thoroughly and to provide appropriate long-term follow-up
for the patient. A physician who is not able to provide this evaluation and
long-term follow-up should not be doing the procedures. The long term
follow-up is essential to assess early and late complications of the

procedure and to detect recurrent stenosis or contralateral disease in a

timely manner.

Physician training should include didactic training and review of:

Patient selection criteria,

Clinical and anatomic indications for CEA or CAS,
Device selection and use,

Perioperative care,

Management of complications,

Troubleshooting of device or equipment malfunctions,



Short and long term floow-up of patients.
FACILITY QUALFICATIONS

A facility planning to do CAS should use a high-quality fixed digital
fluoroscopy unit with a C-arm capable of providing multiple views of the
cerebrovascular anatomy. Staff circulating or scrubbing for the procedure
should possess excellent knowledge of the various endovascular devices which
might be used in a complicated case. A facility experience of at least 100
non-coronary endovascular procedures per year is desirable before
undertaking CAS. Hospital staff need specific exposure to the CAS devices
and training in preparation and use of the devices.

SPECIALTY REQUIREMENTS

Historically, vascular surgeons evaluate patients with carotid artery

disease and make decisions with the patients regarding medical or surgical
management; vascular surgeons also provide long term follow-up of patients
who do not have severe enough disease to undertake surgery and for post-op
CEA patients. Vascular surgeons routinely evalute their patients
neurologically on many occasions during the course of their care and
follow-up and , in most cases, do not need other specialties for routine

care. Nonetheless, patients who have carotid disease often have coronary
artery disease and high risk patients for CEA who are to undergo CEA or CAS
should have a consulting cardiologist available should they be needed.

We believe strongly that a patient who is under consideration for CAS should
be evaluated by a vascular surgeon as part of the pre-op work-up to assure
that both options of CEA and CAS are presented to the patient who must
decide which procedure to request. There is legitimate concern that some
patients may be encouraged to undergo a specific procedure because it is the
only option a particular clinician can offer. Some vascular surgeons will
only be able to offer CEA, but most will be able within the next several
years to offer CEA or CAS to appropriate patients. Physicians in other
specialties will be able to offer only CAS. This will become an even larger
issue if CAS proves to be a reasonable alternative to CEA in moderate risk
patients.

In conclusion, some of our patients need the CAS technology available to
them; the physicians and facilities providing the services need to be
experienced and skilled with non-coronary endovascular procedures before
undertaking training to perform CAS. Thank you for your review of these
comments.

Comment #14:



Submitter: Gregorio Sicard
Organization: Society for Vascular Surgery
Date: July 18, 2004

Comment:

The Society for Vascular Surgery (SVS) represents 2,000 vascular specialists in
the United States. Our society has 40-years experience in the evaluation and
treatment of extracranial cerebrovascular disease. SVS members have
participated in all major carotid endarterectomy and carotid stent trials performed
in the United States and Canada. Importantly, SVS represents the only specialty
society with a substantial proportion of members who are experts at both
treatment options, open carotid endarterectomy and carotid stenting. This
provides SVS a uniquely objective perspective to address the coverage issue.
SVS offers the following comments regarding reconsideration of the Medicare
National Coverage Policy for percutaneous transluminal angioplasty of the carotid
artery concurrent with stenting (CAG-00085A, dated March 19, 2001).

SVS did not favor Medicare coverage for carotid stenting in prior years because
published safety and efficacy data were mostly from single centers. There were
no multicenter prospective trials comparing carotid stenting to the standard of
practice, carotid endarterectomy (CEA). In contrast, CEA has been one of the
most studied surgical operations in the world over the past 3 decades, and large
prospective trials of CEA vs. medical therapy continue to be published. SVS
now believes that data collected under auspices of SAPPHIRE, CREST (lead-in
data), and CARESS trials provide sufficiently convincing safety and efficacy
information on carotid stenting (CS) to allow expansion of coverage to the
Medicare beneficiaries in certain high-risk categories. SVS would like to offer
the following comments and recommendations for Medicare coverage of carotid
stenting in specific proposed high risk indications, based on (1) our interpretation
of the available data comparing safety and efficacy of CS to CEA, and (2) our
collective judgment regarding superiority of these therapies over medical
treatment. Please note that in the following table, the definition of “symptoms” is
limited to clear-cut lateralizing hemispheric transient ischemic attacks, unilateral
transient monocular blindness and non-disabling strokes.

Risk Factor Symptoms? | Carotid | Indication / Comments SVS
Stenosis Support

Previous CEA | Symptomatic | >50% CEA perioperative YES
with recurrent complication rate above

stenosis baseline

Previous CEA | Asymptomatic | >80% CEA perioperative YES
with recurrent complication rate above

stenosis baseline

S/P radiation | Symptomatic | >50% CEA perioperative YES
therapy to complication rate above

neck baseline




S/P radiation | Asymptomatic | >80% CEA perioperative YES

therapy to complication rate above

neck baseline

Contralateral | Symptomatic | >50% CEA carries low incidence | YES

laryngeal of catastrophic bilat

nerve palsy laryngeal nerve palsy

Contralateral | Asymptomatic | >80% CEA carries low incidence | YES

laryngeal of catastrophic bilat

nerve palsy laryngeal nerve palsy

Contralateral | Symptomatic | >50% Literature supports higher | YES

carotid stroke risk than baseline

occlusion for CEA

Contralateral | Asymptomatic | >80% Literature supports higher | YES

carotid stroke risk than baseline

occlusion for CEA

Cervical ICA | Symptomatic | >50% Difficult surgical access YES

lesion above

C2

Cervical ICA | Asymptomatic | >80% Difficult surgical access YES

lesion above

C2

Intrathoracic Symptomatic | >50% Surgery requires YES

Carotid lesion thoracotomy

Intrathoracic | Asymptomatic | >80% Surgery requires YES

Carotid lesion thoracotomy

Pulmonary Symptomatic | >50% CEA may be associated YES

disease with increased pulmonary

documented complications

FEV1<30%

Pulmonary Asymptomatic | >80% CEA may be associated YES

disease with increased pulmonary

documented complications

FEV1<30%

Risk Factor Symptoms? | Carotid | Issues / Comments SVS
Stenosis Support

Open heart Symptomatic | >50% CEA may be associated with | YES

surgery increased perioperative

required cardiac complications

within 2 wks

Open heart Asymptomatic | >80% CEA may be associated with | YES

surgery increased perioperative

required cardiac complications

within 2 wks

Documented Symptomatic | >50% CEA may be associated with | YES

NYHA Class increased perioperative




Il or IV CHF cardiac complications.
and
documented
LVEF<30%
Documented | Asymptomatic | >80% CEA may be associated with | YES
NYHA Class increased perioperative
Il or IV CHF cardiac complications. More
and data would be useful to
documented demonstrate superiority over
LVEF<30% medical therapy.
and life
expectancy >
5 years
Recent Ml <4 | Symptomatic | >50% Elevated cardiac risk for YES
weeks CEA. Medical treatment for
symptomatic carotid lesion
not adequately efficacious
Recent Ml <4 | Asymptomatic | >80% Need more data. Medical NO
weeks treatment may be best option
until cardiac status stabilizes
Unstable Symptomatic | >50% Elevated cardiac risk for YES
angina CEA. Medical treatment for
documented symptomatic carotid lesion
CCSclass not efficacious
/v
Unstable Asymptomatic | >80% Elevated cardiac risk for NO
angina CEA, but need more data
documented needed to demonstrate CS
CCSclass superiority over medical
/v therapy.




Risk Factor Symptoms? | Carotid | Issues / Comments SVS
Stenosis Support
Severe tandem | Symptomatic | >50% Literature does not indicate | NO
lesions CEA is high risk in this
setting. Nature & severity
of second lesion lack

definition
Severe tandem | Asymptomatic | >80% Literature does not indicate | NO
lesions CEA is high risk in this

setting. Nature & severity
of second lesion lack
definition

Age >80yrs | Symptomatic | >50% CREST lead in data shows | NO
elevated stroke risk for
stent. Need more data
before approving stent
Age >80 yrs Asymptomatic | >80% CREST lead in data shows | NO
elevated stroke risk for
stent. Need more data
before approving stent

SVS would like to emphasize that our goal is to endorse carotid stenting as a covered
treatment option for those specific high-risk patient subsets in whom CS is proven
equivalent to CEA, but as noted in our table, we believe some proposed high-risk subsets
require more investigation. Withholding stent treatment from individuals who would
benefit is as undesirable as allowing it for subsets who don’t meet these criteria, and we
encourage CMS to revisit any coverage decisions that are made as more high quality data
become available.

Although noninvasive methods including quality-controlled carotid duplex ultrasound,
MRA, CTA, and CTA with three-dimensional reconstructions are diagnostic techniques
suitable for entry in a carotid treatment algorithm, all patients undergoing carotid stent
will necessarily have an ipsilateral diagnostic carotid arteriogram as an initial step. For
standardization purposes of inclusion under this policy, we recommend that the final
determination of carotid stenosis required for CS coverage must be calculated from the
angiographic images using the methodology defined in NASCET.

SVS wishes to address a second crucial issue, which is the absolute need for CMS to
monitor delivery of this new therapy to individuals proven to derive benefit. We are
extremely concerned that carotid stenting will be offered to a wide range of individuals
falling well outside proven indications. Carotid stenting indications that we endorse are
based on tested “high-risk” indications, either anatomic or medical. For “normal-risk™
patients we believe it is absolutely crucial to withhold coverage until prospective
randomized studies such as CREST have tested the equivalence of CS to CEA. We



cannot overemphasize the importance of continued data collection, powered sufficiently
to test appropriateness of expanded and subset indications with independently adjudicated
medium and long-term outcome data. We understand that the task of assuring
appropriate application of the new CS technology on a patient-by-patient basis will be a
challenging task, but we believe CMS has the skill to execute accurate monitoring, the
power to ensure compliance, and the obligation to do so. For instance, post-payment
audits could be conducted at medical centers where the frequency of CS compared to
CEA far exceeds expectations.

Carotid stenting is an exciting new treatment modality. We urge CMS to consider all
available data during reconsideration of the current non-coverage policy, and we are
entirely willing to meet with members of the Agency at any time should you believe our
expertise in cerebrovascular disease may be helpful. We appreciate the opportunity to
submit comments.

Comment #15:

Submitter: Boston Scientific Corporation
Organization: Boston Scientific Corporation
Date: July 16, 2004

Comment:
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Maple Grove, MN 55311-1566
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Scientific

BY ELECTRONIC SUBMISSION

July 16, 2004

The Centers for Medicare and Medicaid Services
7500 Security Blvd.
Baltimore, MD 21244-1850

ATTN: Joe Chin MD
RE: (CAG-00085R) Coverage Request to Revise Current Policy

Dear Dr. Chin:

Boston Scientific Corporation (Boston Scientific) appreciates the opportunity to comment
on the Centers for Medicare and Medicaid Service’s (CMS’s) Notice of Review of
Coverage for Carotid Artery Stenting (CAG-00085R). We are pleased CMS has decided
to revisit this important policy matter and encourage the Agency to revise its current policy
in order to extend coverage beyond FDA Category B IDE designated clinical trials.
Toward that end, we offer the following comments on some of the questions posed in the
Notice.

Definition of Patients at “High Risk” for Carotid Endarterectomy

We believe that there are a significant number of similarities between the trials that
examined/are examining the safety and efficacy of stents to treat stenosis of carotid
arteries. We encourage the Agency to build on this substantial consensus and include the
full range of the patient inclusion/exclusion criteria utilized in these trials to define patients
at high risk for surgery (carotid endarterectomy).

A number of the criteria that were used to define high risk patients in the BEACH,
ARCHER, SAPPHIRE, CABERNET and other clinical trials are similar, and to the extent
there were additional criteria, there were minor variations in them. The criteria that were
utilized in all trials include the following items.

Altered Anatomy:

e Total occlusion of contralateral carotid artery

e Previous radiation treatment to neck or neck dissection
Treatment lesion at or above 2™ vertebral body C2
Restenosis of a previous CEA

Laryngeal nerve palsy

Target lesion below clavicle or C2

Inability to extend head
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In addition the majority of the trials included Tracheostomy or tracheal stoma.

Complicating co-morbid conditions:

Heart Failure defined by LVEF<30%

CHF, NYHAA Class II/IV

MI within previous 6 weeks or defined as acute

TIA within 180 days

Patient on anti-coagulants (Warfarin)

Unstable Angina

Uncontrolled Diabetes

Patient requiring CABG, cardiac valve or peripheral vascular surgery or

abdominal aortic aneurysm repair

e Asymptomatic patients greater than or equal to 80 percent of stenosis on
angiographic results.

e Symptomatic patients greater than or equal to 50 percent stenosis on
angiographic results.

In addition, the majority of the trials included: COPD qualified as moderate to
severe; dialysis dependent renal failure; two or more proximal major coronary
arteries with greater than 70% stenosis at the time of the index procedure.

Age:
e Minimum requirement on age was 70years of age or greater. (Some trials age
requirement was 80 years of age.)

Multiple or Bilateral lesions:
e Multiple or tandem lesions
e Bilateral stenosis

Provider Qualification and Training

Boston Scientific believes it is important that the Agency recognize the overall
effectiveness that established entities and procedures have played in ensuring that health
professionals and institutions competently provide care. While carotid artery stenting
(CAS) is a significant procedure, there is no reason why these established entities and
procedures will not protect the public health. CMS should not duplicate their efforts, nor
impose additional regulation on the practice of medicine in this area. By doing so, the
Agency will help to ensure that beneficiaries have timely, geographically reasonable and
appropriate access to this procedure.

Whether considering the role of FDA in ensuring that manufacturers have an appropriate
training program to ensure that physicians and staff can safely use a device, the role of
specialty societies in setting competency standards for their members, the ability of local
hospital credentialing committees to control service delivery, or JCAHO’s responsibility
to continuously improve the safety and quality of care provided in hospitals, it is clear
that there are a number of ways that the public’s interest in competent providers will be
addressed.



Dr. Chin
Page 3
July 16, 2004

We recognize that the Agency’s call for comments on provider competency will no doubt
elicit comments from a number of stakeholders with varying perspectives. It seems likely
that there will be a lack of complete consensus on the specifics (e.g. number of previous
procedures performed, etc.) surrounding what makes a physician competent to provide
this procedure. We encourage the Agency to not let this lack of complete consensus
serve as a stimulant to the need for regulation in this area.

Boston Scientific realizes the need for specialized training for this procedure and has
committed to a comprehensive training program. In essence, we believe it is important
that we do all we can to provide a fund of knowledge to physicians and staff so that they
can be credentialed. Toward this end, we will build on our long-standing and extensive
PVD training courses. We will do this with courses on correctly diagnosing peripheral
and carotid cases, making appropriate patient selection decisions, engaging in simulation
training, and learning how to use our specific devices.

Efficacy of Embolic Protection Devices

Boston Scientific utilized an embolic protection device in its trials. A copy of slides
providing an early overview of the 30-day pivotal safety data is attached for the Agency’s
consideration of the role of embolic protection devices.

The fact that AMA has created a CPT code to describe a CAS procedure with embolic
protection, and that CMS initiated a request for (and soon will be making effective) a
unique ICD-9-CM procedure code to capture CAS with embolic protection, would seem
to indicate that a host of stakeholders believe that embolic protection will play an
important role in the provision of CAS. Boston Scientific is of this opinion as well.

Results from Other Carotid Stenting Trials with High Risk Population

As the Agency may be aware, Boston Scientific has completed enrollment of our
“BEACH” CAS clinical trial. As mentioned above, we have enclosed an early overview
of our 30-day pivotal data. We are currently estimating that the analysis of our 1-year
BEACH IDE clinical data will be available in April of 2005 when it is submitted to the
FDA.

Evidence of the Efficacy and Appropriateness of Carotid Stenting for this Target
Population

Based on the presentations related to CAS clinical trial status and data that have been
made at various scientific meetings and our discussions with clinicians it appears that this
technology is beginning to demonstrate its efficacy and appropriateness for the type of
patients on whom it has been performed.

Over the last several years, peer-reviewed journals have looked at distinct target
populations and the benefit of CAS over CEA with embolic protection. Enclosed are
several of the peer-reviewed published articles with references and summary of
endpoints.

(See Attachment A).
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Degree of Facility Experience Requirements

As mentioned above, Boston Scientific believes it is important that the Agency recognize
the overall effectiveness that established entities and procedures have played in ensuring
that hospitals have the necessary experience to competently provide care. In addition, the
Agency has its own standing methods of approving hospitals. While CAS is a significant
procedure, these established entities and procedures will protect the public health. By
relying on the existing mechanisms, the Agency will help to ensure that beneficiaries
have timely, geographically reasonable and appropriate access to this procedure.

We would also suggest that the Agency utilize the February 3, 2004 letter to Dr. Sean
Tunis from nine different specialty societies on the dimensions of specialty collaboration
that will be necessary to ensure that facilities have the appropriate set of clinical
resources in place. Assuming that this complement is in place, CMS should allow this
service to be provided on an inpatient basis in any Medicare-approved hospital.

Types of Provider Training Programs to be Developed

First, manufacturers, specialty societies and clinical centers are engaging each other in
many ways to ensure that health professionals are in a position to become competent to
carrying out this procedure. Reinforcing this activity is the fact that any manufacturer of
stents or embolic protection devices that are going to be used in conjunction with a
carotid procedure will need to gain FDA acceptance of their educational plan. In
addition, specialty societies and various clinical centers will be developing and
implementing training programs.

To reiterate our earlier comment, Boston Scientific is committed to providing
comprehensive and substantive educational programs that will provide physicians and
staff with a knowledge bank to draw on to appropriately select patients and the safe use
of the stent, embolic protection and appropriate accessories we will sell to treat carotid
arteries. In addition, given the interest in the health professional community, we would
expect that various societies and centers of care would pursue relevant training programs
as well. Some of our training is already underway, while we expect other elements to be
implemented in 2005.

Supporting Staff Required for the Procedure

Assuming that a hospital has the inter-disciplinary team (called for in the multi-society
letter) in place, we believe that the staff that is commonly found in an inpatient hospital
suite will be adequate for the provision of this service.

Specialty Requirements for the Procedure

Boston Scientific does not believe that this procedure should be limited to a specific
specialty. Again, we encourage the Agency to look at the multi-society recommendations
on inter-specialty consultation to determine appropriate patient selection for this
procedure.
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Stipulations to Ensure the Appropriate Use of the Procedure in the Indicated Patient
Population

Appropriate patient selection will be achieved by the patient inclusion criteria the Agency
will be describing in its coverage regulation. In addition, given the cross-specialty
collaboration that is likely to be present around the determination of the appropriateness
of this procedure, we encourage the Agency to stay with its practice of not requiring
some sort of prior authorization.

We appreciate the opportunity to provide comment on this important coverage decision.
Please contact me (763-494-2016; tom.meskan@bsci.com) if you have questions or need
additional information. We look forward to working with CMS and others to achieve
beneficiary access to this procedure.

Sincerely,

Thawas 2 o L—

Thomas L. Meskan
Director of Reimbursement and Outcomes
Boston Scientific Corporation
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11.

Attachment A

. Katzen BT, Laird JH, Ohki T, The SAPPHIRE and ARCHeR Updates.

Endovascular Today. 2003;Sept.:77-80.

Ramazanali A, Schillinger M, Lang W, et. al. Carotid Artery Stenting in Older
Patients: Is Age a Risk Factor for Poor Outcome? J. Endovascular Therapy.
2002;9:559-565.

Brooks WH, McClure R, Jones MR, et al. Carotid Angioplasty and Stenting
Versus Carotid Endarterectomy: Randomized Trial in a Community Hospital.
Journal of the American College of Cardiology. 2001;38:6:1589-1595.

Brajesh KL, Hobson RW, Goldstein J, et. al. In-stent recurrent stenosis after
carotid artery stenting: Life table analysis and clinical relevance. Journal of
Vascular Surgery. 2003; 38:6:1162-1168.

Hobson RW,Brajesh KL, Chaktoura E, et. al. Carotid artery stenting: Analysis of
data 105 patients at high risk. Journal of Vascular Surgery. 2003; 37:6: 1234-
1239.

Cho JS, Pandurangi K, Conrad MF, et. al. Safety and durability of redo carotid
operation: An 11-year experience. Journal of Vascular Surgery. 2004; 39:1:155-
160.

Kastrup A, Groschel K, Krapf H, et. al. Early Outcome of Carotid Angioplasty
and Stenting With and Without Cerebral Protection Devices. Stroke. 2003;34:813-
819.

Dangas G, Laird JR, Mehran R, et. al. Carotid Artery Stenting in Patients With
High Risk Anatomy for Carotid Endarterectomy. J.Endovascular Ther.
2001;8:39-43.

Angelini A, Reimers B, Barbera M, et. al. Cerebral Protection During Carotid
Artery Stening Collection and Histopathologic Analysis of Embolized Debris.
Stroke. 2002;33: 456-461.

Al-Mubarak N, Colombo A, Gaines P, et. al. Multicenter Evaluation of Carotid
Artery Stenting With A Filter Protection System. Journal of the American College
of Carodiology. 2002; 39:841-846.

Houdart E, Mounayer C, Chapot R, et. al. Carotid Stenting for Radiation-Induced
Stenois A report of 7 cases. Stroke. 2002; 32:118-121.
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The

% Updatéqn
 Carotid

Artery
Stenting

APPHIRE and
CHeR Updates

A report on the early progress of two trials critical to our

understanding of carotid artery stenting.

BY BARRY T. KATZEN, MD; JOHN R. LAIRD, Jr, MD; AND TAKAC OHKI, MD, PHD

hysicians in every endovascular specialty anxiously

await the continuing results of two major clinical

evaluations of the safety and efficacy of carotid

artery stenting (CAS)—SAPPHIRE and ARCHeR.
These trials are important because they may supply the
data necessary to support an FDA decision to approve the
procedure in the US. The SAPPHIRE is especially important
because it compared CAS to carotid endarterectomy
(CEA) in a randomized fashion. Its results will likely legit-
imize CAS, which has been viewed by some as a dangerous
experimental procedure and which many believed could
never match the results of CEA, which has withstood the
test of time. CAS has even gained notice among the

national media, as is evidenced by coverage on the front
page of the November 20, 2002 edition of The New York
Times, which compared the complication rate for surgery
(12.6%) versus that for CAS (5.8%). If this new finding
holds up, the article states, CAS may become the preferred
procedure for 200,000 Americans who might otherwise
choose to undergo surgery.

THE CORDIS/JOHNSON & JOHNSON
SAPPHIRE TRIAL

The SAPPHIRE trial is a prospective clinical trial for
CAS in high-surgical-risk patients. The 30-day preliminary
results were reported at the American Heart Association

Figure 1. The Cordis Carotid Stenting System.The AngioGuard filter (A).The PRECISE is a nitinol, self-expanding stent with a 6-F
delivery system (B). '
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meeting in Chicago, November 2002, by Jay Yadav, MD,
Co-Principal Investigator of the trial.' A study overview
identified 29 investigational sites in the multicenter, ran-
domized trial evaluating CAS in patients who are at high
risk for CEA. All patients were evaluated by a team com-
posed of a neurologist, a surgeon, and an interventionist.
Randomization to either CEA or CAS required a team
consensus; if a surgeon believed that surgery carried pro-
hibitive risk, the patient was entered into a stent registry.
Conversely, if the interventionist believed that stenting
carried prohibitive risk, the patient was placed into a sur-
gical registry.

Symptomatic patients with 250% stenosis determined
by ultrasound, and asymptomatic patients with 280%
stenosis, also determined by ultrasound, were eligible for
enroliment, assuming they met the necessary entry crite-
ria. Follow-up duplex and neurologic examinations were
scheduled for 30 days, 6 months, 1 year, and annually for
3 years. The primary endpoint was a composite of stroke,
death, and myocardial infarction at 30 days, and ipsilateral
stroke or death between 31 days and 1 year. The second-
ary endpoints also included vessel patency (at 48 hours,

6 months, and 1, 2, and 3 years), disabling stroke (at 30
days, 6 months), composite major adverse events (at 6
months, and 1, 2, and 3 years), and safety assessment of
the AngioGuard XP (Cordis Endovascular, a Johnson &
Johnson company, Miami, FL) embolic distal protection
device.

The stent utilized in the SAPPHIRE trial was the self-
expanding nitinol PRECISE stent (Cordis Endovascular),
available in dimensions of 5 mm to 10 mm in diameter
and 20-, 30-, and 40-mm lengths (Figure 1). Also available
for use in this trial were 8 mm to 6 mm, 9 mm to 7 mm,
and 10 mm to 7 mm tapered self-expanding PRECISE
stents. The AngioGuard distal protection device consists of
a polyurethane filter over a nitinol basket with a diameter
of 6 mm to 8 mm and and a pore size of 100 pm to main-
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Figure 2. The Guidant ACCULINK Carotid Stent System.The
Acculink is a self-expanding, nitinol stent manufactured in
straight and tapered models (A). The ACCUNET device (B).

tain satisfactory perfusion during the endovascular proce-
dure (Figure 1) ,

Assuming the patient met the key inclusion criteria of
degree of stenosis, he was also evaluated and had to meet
at least one of the high-risk criteria:

. Congestive heart failure (class lll/1V) and/or known severe
left ventricular dysfunction LVEF <30%

- Open heart surgery within 6 weeks

- Recent myocardial infarction (>24 hours and <4 weeks)

- Unstable angina (CCS class lil/IV)

. Coexistent severe coronary artery disease requiring
carotid and coronary revascularization

- Severe pulmonary disease (FEV <1.0)

. Contralateral carotid occlusion

. Contralateral laryngeal palsy

- Postradiation treatment

- Previous CEA recurrent stenosis

- High cervical ICA lesions

- CCA lesions below the clavicle

- Severe tandem lesions

- greater than 80 years of age

Seven hundred twenty-three patients were enrolled; 307
were randomized, 409 patients were in the stent registry,
and seven patients were in the CEA registry (patients not
suitable for CAS).

AngioGuard device delivery placement and retrieval suc-
cess was reported to be 98.6%. The 30-day, combined
death, stroke and/or myocardial infarction rate for the ran-
domized CAS arm was reported to be 5.8% versus 12.6%
for the randomized CEA arm (P = .047). Subanalysis
showed that in the group of symptomatic patients treated,
the death, stroke, and myocardial infarction rate was 4.2%
for the randomized stent arm and 15.4% for the random-
ized CEA arm, whereas it was 6.7% and 11.2%, respectively,
for asymptomatic patients. The 30-day death, stroke, and
myocardial infarction rate for the stent registry group was
reported to be 7.8%.
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Conclusions

The SAPPHIRE trial is the first randomized study compar-
ing CAS with embolic protection to carotid endarterecto-
my. It is also the only high-risk randomized study with stent
and surgical registries defined by vascular surgeons. This
study provides a surgical complication rate for a large group
of high-risk patients who were previously excluded from
prior CEA trials. Also, the SAPPHIRE study demonstrates a
high technical success rate for CAS using distal protection
technology. The remaining primary endpoint (ipsilateral
stroke or death between 31 days and 1 year) will be present-
ed at the upcoming 2003 TCT conference. According to a
credible source, the benefit of stenting that was apparent at
30 days is expected to hold up at 1 year.

Cordis will soon file their PMA application to the FDA for
market clearance. They have also initiated negotiations with
the Centers for Medicare & Medicaid Service (CMS) to
revise their national “noncoverage policy” for CAS. FDA
approval is expected in the second quarter of 2004, and
CMS reimbursement is expected in early 2005. Whether
CAS will only be approved and reimbursed strictly for high-
risk patients is unknown at this time.

THE GUIDANT ARCHeR TRIAL

The ARCHeR trial is a prospective clinical trial for CAS in
high-surgical-risk patients and nonsurgical patients. The
30-day preliminary results were reported at the recent
American College of Cardiology meeting in Chicago, March
2003, by Mark Wholey, MD, Co-Principal Investigator of the
trial, and at the Society of Interventional Radiology confer-
ence in Salt Lake City, March 2003, by Gus Eles, MD.> A
study overview identified 41 investigational sites in the mul-
ticenter, single-arm trial evaluating CAS in patients who
were at high risk for CEA. All patients were seen by an inde-
pendent neurologist for assessment prior to enroliment and
for continued follow-up. Symptomatic patients with 250%
stenosis determined by angiography, and asymptomatic
patients with 280% stenosis, also determined by angiogra-
phy, were eligible for enroliment assuming they met the
necessary entry criteria.

Clinical follow-up examinations are scheduled for 30
days, 6 months, 12 months, 18 months, 24 months, and
30 months. The primary endpoint is a composite of
stroke, death, and myocardial infarction at 30 days, and
ipsilateral stroke between 31 days and 1 year. Another pri-
mary endpoint is the acute success with the ACCUNET
Embolic Protection System (Guidant Corporation,
indianapolis, IN). The key secondary endpoints are target
lesion revascularization at 6 and 12 months; duplex carotid
ultrasound evaluation at 6, 12, and 24 months, and the
ACCULINK Carotid Stent System success (Guidant
Corporation). .

COVER STORY

The device evaluated in the ARCHeR trial was the self-
expanding, nitinol ACCULINK stent, available in dimensions
of 5 mm to 10 mm in diameter, with 20-, 30-, and 40-mm
lengths (Figure 2). Also available were 8-mm to 6-mm and
10-mm to 7-mm tapered self-expanding stents. The
ACCUNET filter consists of a polyurethane filter over a niti-
nol basket with a diameter of 4 mm to 8 mm and a pore
size of 120 microns to maintain satisfactory perfusion dur-
ing the endovascular procedure (Figure 2)2

Assuming the patients met the key inclusion criteria for
degree of stenosis, they were also evaluated as to the high-
risk inclusion criteria. Patients were determined to be high
risk by meeting criteria in one of two classification systems
(Table 1).

Five hundred thirteen patients were enrolled. Seventy-six
of these patients represented a lead-in prior to the registry.

TABLE 1. ARCHEeR TRIAL HIGH-RISK CRITERIA

1. Patients having two or more of the following high-
risk criteria:
a. Two or more coronary vessels with 270% stenasis
b. Myocardial infarction within 30 days of the carotid stent
procedure
¢ Concurrent requirerent for aortocoronary bypass or valve
surgery within 30 days of the carotid stent procedure
d Unstable angina
e Contralateral occlusion of the internal carotid artery

2. Patients having one of the following high-risk criteria:
a. Ejection fraction <30% or NYHA functional Class= Wi
b, FEV of <30% predicted
¢ Dialysis-dependent renal failure
d. Uncontrolled diabetes
e. Restenotic lesions after previous endarterectomy
f Paients with previous radical neck surgery and/or
radiation therapy
g. Surgically inaccessible lesions
h. Spinal immobility
i. Tracheostomy stoma
k. Contralateral laryngeal nerve paralysis
. On list for major organ transplantation

Major exclusion criteria included:

+ An evolving stroke

« Previous major ipsilateral stroke -

- Recent stroke of <7 days

- Neurological deficits simulating stroke

« History of intolerance or allergic reaction to both ticlodip-
ine and clopidogrel, and history of intolerance or allergic
reaction to any study medications or materials

SEPTEMBER 2003 | ENDOVASCULAR TODAY {79
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Four hundred thirty-seven patients in the registry were
enrolied. The demographics in this subset included a history
of stroke in 28% and transient ischemic attacks in 24%. The
mean age was 69.4 years; 66.6% of the patients were male,
and 33.4% were female. Diabetes was present in 39.1% of
the patients and 83.9% had hypertension and 68.8% had
hyperlipidemia. Other patient data included 32.2% of the
patients had restenotic lesions after previous CEA, 28.6% of
the patients had ejection fractions of <30% or New York
Heart Association classification of il or higher, 27.5% had
two or more diseased coronary arteries, and 14.6% had con-
tralateral internal carotid artery occlusion. The remainder
was composed of patients with unstable angina, surgically
inaccessible lesions, previous radiation therapy, dialysis-
dependent renal failure, and contralateral laryngeal nerve
damage.

Results

Successful ACCUNET device delivery, placement, and
retrieval were reported for 92% of the patients. Debris,
either macroscopic or microscopic, was present in the filter
baskets in 57% of the patients.

The incidence of 30-day stroke events was minor ipsilater-
al stroke (3.7%), major ipsilateral stroke (1.4%), and major
contralateral stroke (0.2%). Non—stroke-related deaths were
1.6%, and stroke-related death was 0.7%. Myocardial infarc-
tion, both Q wave and non-Q wave, accounted for 2.1% of
the 30-day events. The overall stroke and death rate was
6.6%, and stroke, death, and myocardial infarction rates
were 7.8%. There were 141 patients with restenotic lesions
from previous endarterectomy, and in that subset, stroke
and death accounted for only 0.7% of patients undergoing
CAS. Patients with contralateral ICA occlusions (n = 66) had
a stroke, death, and myocardial infarction rate of 7.6% (the
combined stroke and death rate was 4.5%). Both of these
patient subsets had significantly lower event rates than his-
torical controls. For example, in contralateral ICA occlusions
in the NASCET study (North American Symptomatic
Carotid Endarterectomy Trial), a 14% periprocedural stroke
and death rate was reported. Two or more comorbidities
were present in 187 patients; the combined stroke and
death rate was only 4.8%, and the combined stroke, death,
and myocardial infarction rate was 6.4%.

What was quite significant, however, was that dialysis-
dependent renal failure had a stroke, death, and myocardial
infarction rate of 28.6%. Only 14 patients were represented
in that subset, but it does raise the question in this subset of
patients that renal failure may indeed be a predictor for
complication.

Conclusions
The ARCHeR trial, representing one of the high-risk trials,

80 | ENDOVASCULAR TODAY | SEPTEMBER 2003

demonstrated that CAS with filter protection can be safely
performed in high-risk patients in a multicenter trial. The
data appear to compare favorably with the historical CEA
outcomes in high-risk cohorts. The data are also consistent
with the previously presented SAPPHIRE trial resuits and
are additional evidence that CAS is a viable and possibly
better alternative to CEA in select high-risk patients. The
availability of alternative treatment options may improve
the overall outcome of treating carotid stenosis. -

SUMMARY

Two important controlled clinical trials have been com-
pleted and provide data and clinical experience in a spe-
cific cohort of patients who can benefit from CAS, name-
ly those with clearly defined increased risk for CEA.
Whereas some dispute the definition of “high-risk” from a
surgical point of view, very specific definitions were estab-
lished based on published data. The randomized data
seem particularly powerful, and given the difficulty in suc-
cessfully completing randomized trials in this area, it is
likely that it will be some time before we see other ran-
domized data. These data also support what we are see-
ing in the community, namely acceptance by physicians
involved in the medical and surgical care of patients with
carotid occlusive disease, who increasingly rely on CAS for
treatment of high-risk patients. &
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Carotid Artery Stenting in Older Patients: Is Age a
Risk Factor for Poor Outcome?

Ramazanali Ahmadi, MD; Martin Schillinger, MD; Wilfried Lang, MD¥*;
Wolfgang Milekusch, MD; Schila Sabeti, MD; and Erich Minar, MD

Departments of Angiology and *Clinical Neurology, General Hospital Vienna,
University of Vienna Medical School, Vienna, Austria

¢

*

Purpose: To assess the impact of age on technical success and complications of carotid
stenting in a prospective single-center cohort study.
Methods: One hundred eleven consecutive patients (74 men; median age 70 years) with
=70% symptomatic (n=33) or =90% asymptomatic (n=78) internal carotid artery (ICA)
stenosis underwent carotid artery stent implantation. Primary technical success and peri-
procedural complications were compared in patients aged >75 years (n=28) to patients
<75 years (n=83).
Results: Patient groups below and above 75 years compared well with respect to baseline
demographic and clinical data. Successful stenting was achieved in 108 (97%) patients.
The combined neurological complication rate was 7% (n=8), with 1 (1%) major stroke, 1
(1%) minor stroke, and no 30-day mortality. Technical angiographic complications occurred
in 8 (7%) patients. No significant differences between patients >75 years and those <75
years were observed for primary success rates (100% [28/28] versus 96% [80/83]; p=0.8),
overall complications (14% [4/28] versus 16% [13/83]; p=1.0), neurological complications
(7% [2/28] versus 7% [6/83]; p=1.0), or technical complications (7% [2/28] versus 4% [3/83];
p=0.6).
Conclusions: Elective carotid stenting can be performed safely in older patients with sev-
eral comorbidities. Patient age does not seem to be an independent risk factor for poor
outcome after endovascular treatment of internal carotid artery stenosis.

J Endovasc Ther 2002;9:559-565

Key words: internal carotid artery, stenosis, Wallstent, complication, stroke

¢

Prevention and treatment of stroke is a sig-
nificant socioeconomic problem." Large-ar-
tery thromboembolism, which accounts for
about 35% of strokes, originates most fre-
quently from atherosclerotic lesions of the in-
ternal carotid arteries (ICA).2 Carotid angio-
plasty and stenting appear to be feasible and
safe for the treatment of high-grade ICA ste-
nosis.3>'* The procedure can be performed
with periprocedural complication rates vary-

*

ing between 1% and 11%,3-11.13-16 gimilar to
those of carotid endarterectomy, and the on-
going multicenter prospective randomized tri-
als should provide evidence concerning the
equivalency of the techniques.

Older patients often exhibit relative contra-
indications to surgical treatment due to un-
derlying cardiovascular risk factors and co-
morbidities; they are, therefore, prime
candidates for minimally invasive endovas-

Both Drs. Ahmadi and Schillinger contributed equally to the study.

Address for correspondence and reprints: Prof. Erich Minar, MD, Department of Internal Medicine I,
Division of Angiology, General Hospital Vienna, Medical School, Waehringer Guertel 18-20, A-1090
Vienna, Austria. Fax: 43-1-40-400-4665; E-mail: erich.minar@akh-wien.ac.at
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cular procedures. However, reports suggest
that increasing age has a negative impact on
the rate of complications in carotid stent pa-
tients.’317.18 |t remains unclear so far if older
age per se is associated with a higher inci-
dence of periprocedural complications.
Hence, we investigated the effect of increas-
ing age on the rate of technical success and
the incidence of complications of elective ca-
rotid stenting in our university-based practice.

METHODS
Study Design

The study was designed as a prospective co-
hort study including all consecutive patients
who were scheduled for elective carotid stent-
ing from March 2000 to March 2001. The
study complied with the Declaration of Helsin-
ki and was approved by the local ethics com-
mittee. All patients gave their written in-
formed consent.

Candidates were initially identified based
on clinical status and a high-grade ICA ste-
nosis identified by duplex ultrasound exami-
nation and/or computed tomography (CT) of
the head. The indications for carotid stenting
were based on an angiographically docu-
mented =70% stenosis determined according
to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria. In
symptomatic patients, there also had to be
high clinical suspicion that the neurological
manifestations were due to microemboliza-
tion from the carotid plaque, and the time in-
terval between onset of hemispheric symp-
toms and the procedure had to be =6
months. A time frame of at least 6 weeks was
used to treat patients who suffered major
stroke.

In the asymptomatic patient, fulfillment of
any one of several criteria supported stent
treatment: rapid lesion progression within the
last 6 months, documented by duplex ultra-
sound; silent cerebral infarction on CT scan
consistent with thromboembolism from the
carotid plaque; very high-grade stenosis
(>90%); contralateral carotid occlusion or se-
vere stenosis; or request of a surgeon before
major (cardiac or neck) surgery.

Patients severely disabled as result of

J ENDOVASC THER
2002;9:559-565

stroke or dementia were excluded, as were
patients with severe acute disease, such as in-
tensive care unit patients on mechanical ven-
tilation, acute cardiac decompensation, or
acute metabolic dysfunction or renal insuffi-
ciency without dialysis. Other exclusion cri-
teria were intracranial tumor or a cerebral
hemorrhage documented by CT, peripheral
arterial occlusive disease that prevented fem-
oral artery access, and inability to give con-
sent.

Patient Evaluation

Duplex grading of the carotid stenosis was
done in accordance with the principles of the
consensus meeting on the quantification of
stenosis of the extracranial carotid artery’®
and the proposals of Nicolaides et al.2% The
scans were performed before treatment and
1 day after the intervention with an Acuson
XP 10 system (Acuson Corporation, Mountain
View, CA, USA) using a 5-MHz linear probe.

A complete neurological history, including
the National Institute of Health Stroke Scale
status (NIHSS),2" were routinely performed by
an independent neurologist before the inter-
vention. Baseline cranial CT was mandatory.
The clinical neurological state prior to stent-
ing in conjunction with a recent cranial CT
and the carotid duplex ultrasound formed the
basis for the neurologist’s explicit consent to
carotid stenting. Routine neurological exami-
nations were scheduled the day before inter-
vention, the day after, and on day 30. In cases
of suspected neurological events, clinical
evaluation with cranial CT and angiography
as necessary were performed immediately.

A diagnostic 4-vessel angiogram was per-
formed in all patients prior to the intervention
to document anatomical variations, stenoses
at the origin of the great vessels, severely dis-
eased aortic arches, intracranial pathology,
and any vertebral and posterior circulatory
problems.

Patient Population

Within the 12-month study period, 111 pa-
tients (74 men; median age 70 years, inter-
quartile range 64-75) were enrolled in the
study. At admission, the medical history and
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TABLE 1
Comparison of Baseline Data for 111 Carotid Stent Patients Grouped by Age

<75 Years Old

>75 Years Old

(n=83, 75%) (n=28, 25%) p

Men 54 (65%) 20 (71%) 0.6
Body mass index, kg/m? 25.8 (24.2-28.1) 24.9 (23.5-27.4) 0.2
Current smokers 31 (37%) 3 (11%) 0.009
Hyperlipidemia 68 (82%) 23 (82%) 1.0
Medication with statins 54 (65%) 17  (61%) 0.8
Arterial hypertension 62 (75%) 25 (89%) 0.1
Diabetes mellitus 33 (40%) 6 (21%) 0.1
Peripheral artery disease 46 (55%) 10 (36%) 0.08
Coronary artery disease 0.8

CCS | 18 (22%) 7 (25%)

CCS Il 15 (18%) 4 (14%)

Cccs 1 1 (1%) 1 (4%)
Myocardial infarction 14 (17%) 5 (18%) 1.0
Symptomatic ICA stenosis 0.6

Ipsilateral TIA 17 (21%) 7 (25%)

Ipsilateral minor stroke 1 (1%) 1 (4%)

Ipsilateral major stroke 6 (7%) 1 (4%)
Contralateral stroke 19 (23%) 8 (29%) 0.6
ICA stenosis, % 90 (85-90) 90 (85-95) 0.6
ICA stenosis, mm 10 (10-20) 10 (10-18) 0.8
L 2 L 2

Continuous data given as median (interquartile range). CCS = Canadian Cardiovascular So-
ciety, ICA = internal carotid artery, TIA = transient ischemic attack.

data from physical examination were record-
ed using a standardized questionnaire. Stan-
dard laboratory examination included assess-
ment for complete blood count, global
coagulation tests, HbA1c, total cholesterol,
LDL cholesterol, HDL cholesterol, lipoprotein
(a), and serum uric acid. Diabetes mellitus
was defined as fasting blood glucose levels
>110 mg/dL measured 3 times, pathological
oral glucose tolerance tests, and HbA1c
>6.5%. Hyperlipidemia was defined as fasting
total serum cholesterol >200 mg/dL, LDL cho-
lesterol >130 mg/dL, or serum triglycerides
>180 mg/dL; all patients on lipid-lowering
medication (inhibitors of the 3-hydroxy-3-
methylglutaryl coenzyme A reductase [sta-
tins] are the standardized treatment for hy-
perlipidemia at our department) were also
considered hyperlipidemic. Arterial hyperten-
sion was diagnosed according to the WHO
criteria. Patients who were smoking more
than 3 cigarettes per day were regarded as
current smokers. The diagnosis of peripheral
artery disease was assessed by clinical eval-
uation, ankle-brachial index measurements,
duplex sonography, and angiography in se-

lected cases. Coronary artery disease was
classified according to the Canadian Cardio-
vascular Society (CCS) classification and was
evaluated by echocardiography, stress exer-
cise testing, myocardium scintigraphy, and
angiography in selected cases.

Seventy-eight (70%) patients had a >90%
asymptomatic carotid artery stenosis and 33
(30%) patients had a =70% symptomatic ICA
stenosis with preceding ipsilateral transient
ischemic attacks (n=24, 22%), minor strokes
(n=2, 2%), and major strokes (n=7, 6%). In 10
(12%) patients, a recurrent stenosis after end-
arterectomy was the target lesion. Baseline
demographic data in patients aged <75 years
(n=83) and above 75 years (n=28) are given
in Table 1.

Carotid Stent Procedure

One physician who had experience with
>300 carotid interventions performed all
stent implantations.’ Procedures were begun
with transfemoral access under local anesthe-
sia. After placement of an 8-F sheath, every
patient received 5000 units of heparin intra-



562 CAROTID ARTERY STENTING IN THE ELDERLY
Ahmadi et al.

arterially. An overview angiogram of the su-
pra-aortic arteries from the aortic arch was
followed by a selective angiogram (in at least
2 planes) of the carotid artery and its intracra-
nial branches. Length and grade of the lesion
were documented, and a road map was then
established.

After crossing the stenosis to the distal ICA
with a gold-tip wire, a 3.5-mm X 40-mm Bijou
balloon (Schneider, Biilach, Switzerland) was
placed at the site of the stenosis for primary
dilation at 10 atmospheres for 5 to 10 sec-
onds. The catheter was exchanged, and 1 mg
of atropine was given intravenously immedi-
ately before deploying an OTW Wallstent
(Boston Scientific Corp., Natick, MA, USA),
which was sized according to an estimation
of the diameter of the carotid artery on the
selective angiogram. Stent deployment was
followed by dilation within the stent using a
5- to 6-mm-diameter balloon catheter and a
pressure of 8 to 10 atmospheres for 5 to 10
seconds.

After stenting, selective control angiogra-
phy in at least 2 planes was done to evaluate
the local result and to examine the intracra-
nial arteries for changes in hemodynamics
and embolization. If a suboptimal result was
seen on the control angiogram, a second
stent was implanted. An intervention was
considered successful when the residual di-
ameter reduction calculated from the final an-
giogram was <30%.

Standardized antiplatelet therapy was clo-
pidogrel (75 mg/d) plus aspirin (100 mg/d) for
4 weeks. The same dose of clopidogrel with-
out aspirin was administered thereafter be-
cause of the suggested beneficial effect in
atherothrombotic patients with cerebrovas-
cular disease.?2:23

Definitions

Neurological events were categorized as
transient ischemic attacks (TIA): a focal ische-
mic neurological deficit with abrupt onset that
resolved completely within 24 hours; minor
stroke: focal neurological deficit lasting >24
hours with NIHSS score <4; and major stroke:
focal neurological deficit lasting >24 hours
with NIHSS score >4. “Combined neurologi-
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cal complications” included TIAs and all
strokes.

Statistical Analysis

Continuous variables are presented as the
median and interquartile range (25t to 75t
percentile). Percentages were calculated for
dichotomous variables. To assess the effect of
age on primary technical success and peripro-
cedural complications, patients were divided
into quartiles of age, and patients in the old-
est quartile were compared to the 3 younger
quartiles. The chi-square test or, if appropri-
ate, Fisher exact test was used to compare
proportions; the nonparametric Wilcoxon
rank sum test was applied to compare contin-
uous variables. All tests were 2-sided, and
p<0.05 was considered statistically signifi-
cant. All analyses were performed using
SPSS for Windows, version 10.0 (SPSS, Chi-
cago, IL, USA).

RESULTS

The 2 age groups compared well with respect
to their demographic and clinical character-
istics, with the exception of current smoking
habits (Table 1). Ten patients underwent bilat-
eral stenting during the study period with at
least 6 weeks between interventions; no pa-
tient was stented bilaterally within the same
session. Primary technical success rate was
97% (108/111). In all, 95 (86%) patients re-
ceived a single stent; 9 (8%) patients had 2
stents implanted bilaterally, and 1 (1%) ICA
had 3 overlapping stents implanted.

Intimal dissection after predilation occurred
in 3 (3%) patients. No prolonged hypotensive
states were observed, but 1 (1%) patient had
a transient decline in blood pressure below 90
mmHg for <30 minutes. No residual stenosis
=50% after stent implantation was found in
any patient. Improved intracerebral runoff
was documented in 104 (94%) patients on the
final angiogram. One patient who mistakenly
did not receive clopidogrel within the first 48
hours postintervention developed early occlu-
sion and suffered a TIA; however, no throm-
bophilic disorder or technical procedure-relat-
ed problem was found in this patient. The
reocclusion was treated successfully by intra-
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TABLE 2
Comparison of Technical Success and Complications in 111 Carotid Stent Patients
Grouped by Age

<75 Years Old >75 Years Old
(n=83, 75%) (n=28, 25%) p
Primary technical success 80 (96%) 28 (100%) 0.8
Improved intracranial runoff 77 (93%) 27 (96%) 0.7
Overall complications 13 (16%) 4 (14%) 1.0
Intimal dissection after predilation 3 (4%) 0 0.6
Early reocclusion 1 (1%) 0 1.0
Neurological complications 6 (7%) 2 (7%) 1.0
TIA 4 (5%) 2 (7%)
Minor stroke 1(1%) 0
Major stroke 1 (1%) 0
Pseudoaneurysm/hematoma 3 (4%) 2 (7%) 0.6

*

TIA = transient ischemic attack.

venous administration of abciximab for 24
hours in combination with low-molecular-
weight heparin.

The combined neurological complications
rate was 7% (n = 8) with no 30-day mortality.
A TIA was recorded in 6 (5%) patients after
the intervention; there was 1 (1%) minor and
1 (1%) major stroke. Five (5%) access-site
complications were observed: 3 small, local-
ized hematomas, 1 arteriovenous fistula, and
1 pseudoaneurysm; all these sequelae were
managed conservatively.

Comparing the 2 age groups (below and
above 75 years), there were no significant dif-
ferences for any parameter of technical suc-
cess or any category of complications (Table
2) in this patient series. Symptomatic and
asymptomatic patients in the 2 age groups
showed similar neurological event rates (Ta-
ble 3). A further investigation between the 4
groups of patients according to the age quar-
tiles again found no significant difference in

L 2 2
TABLE 3
Combined Neurological Event Rates After ICA
Stenting in Symptomatic and
Asymptomatic Patients

Combined Neurological Events

Symptomatic  Asymptomatic

Age <75 years 2 (8%) 4 (7%)

Age >75 years 1(11%) 1 (5%)

p 1.0 1.0

* *

complications with increasing age (p=0.7,
chi-square test for trend). The 8 (7%) patients
over the age of 80 did not show a higher fre-
quency of overall complications (p=0.4) or
neurological events (p=0.1) compared to the
103 patients <80 years.

DISCUSSION

In our study, patient age per se was not as-
sociated with an increased risk for neurolog-
ical or technical complications after ICA stent-
ing. It seems unlikely that underlying
confounding factors influenced the associa-
tion of patient age and outcome after endo-
vascular treatment in our analysis, as the pa-
tient groups were comparable in both
demographic and clinical variables. Immedi-
ate results in our few octogenarians were
similar to those in patients below 80. It is im-
portant to note that when treating asymptom-
atic patients, a life expectancy of at least 5
years is reasonable to justify the procedural
risk in relation to the expected benefit of cu-
mulative stroke risk reduction.

The high rate of successful stenting in the
present series is in accord with previous find-
ings,% 142425 and the rate of neurological com-
plications is slightly lower.’325 For compari-
son, the data published by Wholey et al.?®> on
the global carotid stent experience of 36 cen-
ters in over 5000 cases were 2.7% minor
strokes, 1.5% major strokes, a 0.9% 30-day
death rate, and 5.1% for any stroke or death.
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Our 1% rates for major and minor strokes,
respectively, may be due to patient selection
or the fact that the interventionist had per-
formed over 300 carotid interventions before
this study, so the learning curve was not a
factor as it has been in some earlier studies.
In fact, a considerable effect of learning has
been observed during the first 50 to 80 pro-
cedures,’ which significantly influences the
complication rate. Moreover, our outcomes
were achieved without a device for cerebral
protection. While further improvement may
be achieved with cerebral protection?é irre-
spective of patient age, there are no data on
this issue at present.

Surgical revascularization of symptomatic
patients was associated with a perioperative
risk of death or major stroke of 2.8% in NAS-
CET?” and 7% in the European Carotid Sur-
gery Trial (ECST),?8 but it is higher in smaller
centers and in aged patients.’®17.18 Chastain
et al.’® reported a negative impact of increas-
ing age on the rate of complications in carotid
stent patients; it was 3-fold higher in those
aged >80 years. Furthermore, advanced age
was identified as an independent predictor of
procedural stroke during carotid stenting in
other studies.’®"7 In contrast to these find-
ings, our data support the view that age per
se is not an independent risk factor for poor
outcome. Older patients might be good can-
didates for endovascular treatment rather
than surgical revascularization, particularly if
several cardiovascular comorbidities and ad-
ditional risk factors for surgery are found.%2%

Some clinical implications may be consid-
ered when treating older patients with carotid
artery stenting. Low blood volume together
with age-related diastolic dysfunction can
lead to a low cardiac output state, which in-
creases the susceptibility to hypotension.
Stent implantation in the carotid bulb often
causes a transient decline in blood pressure
for hours after the intervention. Cerebral au-
toregulation, which maintains a constant ce-
rebral circulation over a wide range of blood
pressure changes, is altered in the presence
of arterial hypertension and, possibly, also by
aging. As a result, sudden mild to moderate
declines in peripheral blood pressure can af-
fect cerebral blood flow markedly and render
an older person particularly vulnerable to hy-

J ENDOVASC THER
2002;9:559-565

potensive states after carotid stenting. Close
blood pressure monitoring and careful ad-
ministration of antihypertensive medication
in the days after carotid interventions may
therefore be recommended in these patients.

We recognize that this single operator and
institution evaluation may not reflect the im-
pact of age on carotid stent outcomes in other
centers, and our patient selection criteria may
have also influenced our findings. Data ac-
quired during the ongoing multicenter trials
will be necessary to finally answer this ques-
tion. However, based on our experience, elec-
tive carotid stenting in older patients can be
performed with excellent technical success
rates and an acceptable frequency of peripro-
cedural complications. Age per se does not
appear to be an independent risk factor for
poor outcome. On the contrary, technical fac-
tors, personal experience of the intervention-
ist, and lesion morphology are more impor-
tant predictors of outcome than is patient
age.'*30 Therefore, older patients, particularly
if cardiovascular comorbidities are present,
may be good candidates for endovascular
stent implantation rather than for carotid end-
arterectomy.
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OBJECTIVES

BACKGROUND
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CONCLUSIONS

The goal of this study was to determine whether carotid angioplasty and stenting (CAS) is
equivalent to carotid endarterectomy (CEA) in patxcnts with symptomatic carotid stenosis
>70% by a randomized, controlled trial in a community hospital.

Carotid angioplasty and stenting has been suggested to be as effective as CEA for treatment
of symptomatic carotid artery stenosis.

A total of 104 patients presenting with cerebrovascular ischemia ipsilateral to carotid stenosis
were selected randomly for CEA or carotid stenting and followed for two years.

Stenosis decreased to an average of 5% after CAS. The patency of the reconstructed artery
remained satisfactory regardless of the technique as determined by sequential ultrasound. One
death occurred in the CEA group (1/51); one transient ischemic attack occurred in the CAS
group (1/53); no individual sustained a stroke. The perception of procedurally related pain/
discomfort was similar. Hospital stay was similar, although the CAS group tended to be
discharged earlier (mean = 1.8 days vs. 2.7 days). Complications associated with CAS prolonged
hospitalization when compared with those sustaining a CEA-related complication (mean = 5.6
days vs. 3.8 days). Return to full activity was achieved within one week by 80% of the CAS group
and 67% of the patients receiving CEA. Hospital charges were slightly higher for CAS.
Carotid stenting is equivalent to CEA in reducing carotid stenosis without increased risk for
major complications of death/stroke. Because of shortened hospxta.hzatlon and convalescence,
CAS challenges CEA as the preferred treatment of symptomatic carotid stenosis if a
reduction in costs can be achieved. (J Am Coll Cardiol 2001;38:1589-95) © 2001 by the

American College of Cardiology

The efficacy of endarterectomy for the treatment of patients
with symptomatic high-grade stenosis of the extracranial
carotid artery has been established through a series of
randomized, controlled trials (1-4). The absolute reduction
in the occurrence of cerebral ischemic events is dependent,
however, on perioperative complication rates (5,6). A com-
bined stroke (major or minor) and death rate exceeding 6%
for patients with symptomatic stenosis eliminates the ben-
efit of stroke reduction gained through operation. Although
varying according to operator and hospital experience (7),

See page 1596

the overall incidence of major disabling stroke approaches k

2% with mortality rates of <1% (8,9), thercby supporting
the therapeutic advantages of carotid endarterectomy
(CEA) in treating symptomatic carotid stenosis. Despite
this reduction in serious complications, CEA has limita-
tions (10~14). Minor strokes and/or complications remain
significant and can be disabling. Cranial or cervical nerve
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Manuscript received January 5, 2001; revised manuscript received July 31, 2001,
accepted August 8, 2001.

palsies occur in 7.6% to 27% of patients undergoing CEA
(15~17). Complications associated with concurrent cardiac
disease and hypertensibn occur perioperatively in about 8%
of patients (18). In addition, individuals with contralateral
carotid occlusion or advanced coronary vascular disease are
considered poor. candidates for CEA (1,19-22). Other
well-known anatomical considerations, which increase mor-
bidity and mortality, include the presence of an extremely
high carotid bifurcation (C1 to C2), tracheotomy, recurrent
stenosis after previous CEA and radical neck dissection with
or without radiation-induced carotid stenosis.

The advent of percutaneous endovascular techniques has
the potential for being safer, less traumatic and more
cost-effective in patients with symptomatic carotid occlusive
disease. The therapeutic advantage of carotid angioplasty
and stenting (CAS) has been demonstrated in patients with
contralateral occlusion, restenosis and surgically inaccessible
lesions (23-25). Although it has been suggested that CAS is
an acceptable (26—30), if not preferred, alternative to CEA,
the clinical experience has been less enthusiastic. Data
accrued from various centers report a major stroke and death
rate of 4.7% after CAS (30). Others report a “minor” stroke
rate associated with CAS of 6.5% compared with 2 CEA-
related risk of 0.6% (31). Although these complications may
be lessened through operator experience after an as yet to be
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Abbreviations and Acronyms

ACT = activated clotting time

CAS = carotid angioplasty and stenting
CEA = carotid endarterectomy

CVA = cerebral vascular accident

MRI = magnetic resonance imaging
NIH = National Institute of Health

NASCET = North American Symptomatic Carotid
Endarterectomy Trial ‘
TIA = transient ischemic attack’

defined “learning curve” and optimal patient selection, the
theoretical benefits of endoluminal revascularization in
treating symptomatic or asymptomatic carotid stenosis have
not been realized fully or documented in ‘randomized
comparative trials. Indeed, the only published randomized
study of CAS versus CEA was stopped because of the

occurrence of strokes, three of which were considered major,

in five of the seven patients who underwent CAS (32).

The purpose of this prospective, randomized trial was to
compare the efficacy and benefits of CAS with CEA in the

treatment of symptomatic carotid stenosis in a community

hospital.

METHODS

This two-arm randomized clinical trial was approved by the

Institutional Review Board to include patients experiencing

symptoms and/or signs of cerebral ischemia confined to the
ipsilateral internal carotid artery. All patients were informed
that the Food and Drug Administration has not approved
deployment of stents’ within the carotid artery for the
treatment of carotid stenosis. Patients with symptoms of
vertebral-basilar insufficiency or intracranial occlusive dis-
ease shown by cerebral angiography were excluded. The
inclusion criteria included those sustaining events confined
to the carotid circulation within three months of evaluation;
>70% stenosis of the ipsilateral carotid bifurcation as
determined by the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) (33); anticipated life
expectancy of five years; willingness to complete treatment
within two weeks and ability to sign informed consent.
Exclusion criteria included: Nationa! Institute of Health
(NIH) stroke scale of >4; cardiac arrhythmia; allergy and/or
sensitivity to aspirin, heparin, ticlopidine or clopidogrel;
history of bleeding diathesis or coagulopathy or history of
intracranial hemorrhage within two months of randomiza-
tion. A total of 104 individuals met these criteria, agreed to
participation and were selected randomly to undergo CEA
(51 individuals) or CAS (53 individuals). The presence of
contralateral total occlusion and/or the angiographic ap-
pearance of the stenotic lesion were not factors in treatment
selection. All patients received 325 mg aspirin and 75 mg
clopidogrel before CAS or CEA. A neurologist (T. C.) and
the research clinical nurse coordinator (L. B.) provided
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independent oversight and neurologic examination before
and subsequent to each procedure.

Carotid endarterectomy was’ performed using standard
operative techniques under general anesthesia with i intraop-
erative electroencephalogram monitoring. All patients were
observed in intensive care for 24 h.

Carotid angioplasty and stenting was performed using
a standard percutaneous retrograde femoral approach via

.an 8F Super-S Arrowflex sheath (Arrow International, Inc.,

Reading, Pennsylvania). After heparinization with 100 w/kg,

carotid angiography was performed with a 5F/125-cm VTK,
(Cook, Inc.) catheter over a 0.035-in angled-tip glide wire.
Subsequent to guiding angiography, an 0.18-in Steel-core
wire (Guidant-ACS, Inc., Indianapolis, Indiana) was placed
in the external carotid artery for support. The Arrowflex
sheath then was advanced over either the VTK catheter or
the Arrowflex dilator into the common carotid artery.

Activated clotting time (ACT) was maintained >300.

Distal protection was not used in any case. Although not
routinely used, ReoPro (0.25 mg/kg bolus over 20 min
followed by a continuous infusion of 0.125 ug/kg/min for
12 h to a maximum of 10 pg/min) was administered to
three individuals who sustained cerebral vascular accidents
(CVA) with persistent defects (NIH < 4) associated with
ulcerative lesions and possible residual thrombus. In all
cases, the stenosis was crossed using a 0.014-in Sport wire
(Guidant-ACS, Inc.) and placed in the petrous portion of
the internal carotid artery. All stenoses were predilated with
2 4.0 X 20 mm Symmetry balloon (Medi-Tech, BSC, Inc.)

inflated to 8 atms for 5 s before placement of 2 10 X 20 mm

Wallstent (Boston Scientific, Inc.). Postdilation was.
completed with an appropriately sized balloon meeting a
balloon:artery ratio of 1:1 by visual estimate. Pan cerebral
angiography was performed before withdrawal of the Ar-
rowflex sheath from-the common carotid artery.

A 6F femoral venous sheath was placed at the initiation
of the procedure for placement of a temporary pacemaker if
bradycardia was observed. Systolic arterial pressure was
maintained between 120 mm Hg to 160 mm Hg through-
out the procedure. All patients were admitted and observed
in the neurovascular intensive care for 24 h. The sheaths
were removed when the ACT was <170.

Carotid duplex scanning was performed within 24 h of
either procedure and at 1, 3, 6, 12 and 24 months and
expressed as the ratio of internal carotid artery/common
carotid artery velocity. Sequential neurologic examinations,
Rankin and Barthel scorings were performed concurrent
with Duplex scanning. Magnetic resonance imaging (MRI)
was obtained at 6 and 12 months to detect the presence of
asymptomatic ischemic events in the distribution of the
treated vessel (34).

Perception of pain was assessed in accordance with
guidelines commissioned by the Agency for Health Care
Policy and Research (35). No specific posthospitalization
instructions were provided in reference to activities; each
individual determined return to “full activity.”
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Table 1. Baseline Characteristics of Study Patients

CAS : CEA
(n = 53) (n = 51)
Mean age (yrs) 66.4 (36-78) 69.6 (56-81)
Presenting symptom
Stroke (NIH < 4) 9 8
Transient ischemia 32 33
Amaurosis fugax 12 10
Risk factors
- Hypertension 45 48
Diabetes mellitus 19 12
Cholesterol (>200) 34 24
Smoking 38 40
>2 risk factors 38 32
Coronary vascular disease 39 31
‘Family history -
Stroke 27 31
Cardiac disease 48 48

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.

Hospital variable costs included operating room or cath-
eterization laboratory, nursing, pharmacy, laboratory and
radiology. Professional charges were not assessed for stent-
ing; hence, no physician’s fees were included in determina-
tion of any costs or charges.- Costs/charges for the single
patient requiring amputation necessitated by complications
attendant with femoral artery access were not included.

Results are expressed as average *+ SEM. Statistical
comparisons were performed using Student # test. Two-way
repeated measures of analysis of variance were used to
compare sequential testing of carotid duplex scanning. A p
value of <0.05 was considered statistically significant.

 RESULTS

Demographics. The inclusion criteria, average ages and
numbers of men and women of those randomized for CEA
or CAS were similar (Table 1). The most common present-
ing event was a TIA. Those sustaining a CVA were
functionally independent (NIH scores of <4 and Barthel
Index >90). No patient experienced speech or comprehen-
sion dysfunction. Risk factors for stroke included hyperten-
sion, elevated cholesterol, smoking and diabetes. More than
two risk factors were observed in more than 50% (70/104) of
patients.

Results of treatment. Most patients (87/104) were treated
within one month (range: 7 to 42 days.) of the presenting
symptom. All received definitive treatment by six weeks.
Diagnostic cerebral angiography indicated. the average pre-
treatment stenosis in the CEA group (88.2 * 13.2%) to be
similar (p > 0.05) to the CAS group (82.4 * 7.1%). The
‘mean cross-sectional diameter as determined by the greatest
stenosis observed on anteroposterior, lateral or oblique
angiographic view was 1.6 = 1.1 mm (range: 0.8 mm to
2.4 mm) in the CAS group and 1.7 * 0.46 mm (range:
1.0 mm to 3.0 mm) in those undergoing CEA. The
contralateral, asymptomatic carotid artery was found to have
<50% stenosis in 70/104 patients, although total occlusion

ICA/CCA SYSTOLIC RATIO
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Figure 1. Patency of carotid artery before revascularization and after 3, 6,
9, 12, 18 and >24 months expressed as average internal carotid artery/
common carotid artery (ICA/CCA) systolic ratio. CAS = carotid angio-
plasty and stenting; CEA = carotid endarterectomy.

was observed in five and two individuals undergoing CAS or
CEA, respectively. The average postangioplasty and stent-
ing stenosis decreased to 5.0 * 2.7% (range: 0% to 10%).
The 24-month patency of the reconstructed artery remained
satisfactory as determined by carotid ultrasound (Fig. 1). No
MRI evidence of asymptomatic focal cerebral ischemia was
found in any patient (data not shown).

Complications. No patient sustained a CVA, although
one individual died from an immediate postoperative myo-
cardial infarction subsequent to CEA (Table 2). This was
the only procedurally related mortality experienced during
this study. One patient experienced transient confusion
associated with left sensory loss subsequent to postdilation
of the stent that resolved within 10 min with elevation of
the systolic blood pressure. Complications associated with
CEA included wound hematoma requiring re-exploration
(one patient) and peripheral nerve injury manifest as hoarse-
ness (one patient) or lower facial and diminished sensations
in the neck (three patients). These nerve mjuncs resolved
within three months.

The most common occurrence associated with CAS was
transient bradycardia (7/53) and/or hypotension (12/53)
concurrent ‘with angioplasty as a result of carotid body
stimulation. None persisted more than 24 h. Initially, a

Table 2. Complicatiohs

CAS CEA

Death/cerebral ischemia

Death 0 1

Stroke - 0 0

Transient cerebral ischemia 1 0
Other

Arterial thrombosis/amputation 1 0

Hematomas requiring treatment 3 1

Cranial/cervical nerve injury 0 4

Bradycardia (temporary pacing) 7 0

Hypotension (requiring treatment) 12 3

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.
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Table 3. Days Length of Hospital Stay*
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CAS

CEA

All patients
Without complications
With complications

5.2 * 11.4 days (1-68)t
1.8 * 0.58 days (1-4)
13.3 % 21 days (3-68)t

3.7 * 3.1 days (1-14)
2.7 * 1.2 days (1-13)
3.8 = 3.5 days (1-14)

*Avg = SEM (range); TExempting the single patient with major vascular complication, overall length of stay for CAS = 2.6
1.6 days. Average length of stay for patients undergoing CAS who experienced other complications = 5.6 * 3.7 days (3-11).
CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.

temporary pacemaker was inserted prophylactically. How-
ever, in efforts to contain cost and due to infrequent use, this
has been abandoned. Currently, severe and/or prolonged
bradycardia and/or flux in blood pressure were treated
pharmacologically. These events are anticipated and fre-
quently resolve without treatment. Complications associ-
ated with CAS were contingent with femoral artery access
similar to other routine interventional approaches used for
coronary artery disease (36). Retroperitoneal hemorrhage
occurred in the three patients who received the platelet
1Ib/II1a receptor antibody, abciximab (ReoPro, Eli Lilly and
Co., Indianapolis, Indiana) in conjunction with heparin.
This complication can be avoided by adhering closely to
recommendations for the use of heparin with this mono-
clonal antibody provided by the Evaluation in Percutancous
Transluminal Coronary Angioplasty to Improve Long-term
Outcome with' Abciximab Glycoprotein IIa/IIIb Blockade
(EPILOG) protocol (37). One individual with previously
undiagnosed advanced generalized peripheral vascular oc-
clusive disease sustained popliteal artery thrombosis, which
necessitated below-the-knee amputation. This was the only
major complication in the CAS group.

Length of hospital stay. The length of hospitalization was
* similar for both groups, although those undergoing CAS
without complication tended to be discharged sooner (Table
3). As the study progressed, patients in the CEA  group
remained in the hospital for shorter periods, most being
discharged the day after surgery. Forty-four patients (44/53)
in the CAS group (83%) and 34 patients (34/51) in the
CEA group (67%) were discharged from the hospital the
day after the procedure. Excluding the single patient requir-
‘ing below-the-knee amputation whose hospitalization ex-
tended to 68 days, overall hospital stays tended to be shorter
in the CAS group (2.6 * 1.6 days vs. 3.7 = 3.1 days).
Nevertheless, complications prolonged hospital care slightly
more in the CAS group (5.6 = 3.7 days vs. 3.8 * 3.5 days).
The primary complication associated with CAS was related
to femoral artery access (3/53), which prolonged hospital-

ization because of continued bed rest and/or transfusion.
Cranial/peripheral nerve injuries associated with CEA
(4/51) did not prolong hospitalization. Hospitalization was
extended secondary to concurrent or subsequent coronary
bypass surgery in five patients. This procedure added an
average of 10 = 2 days to hospitalization. Neither CAS nor
CEA afforded an advantage in terms of shortened stay in
this small group of patients.

Patient’s perception of pain and return to activity. The
perception of pain was similar in both groups; neither
experienced pain beyond a rating of 5/10 (Table 4). Most
symptoms resolved by one month. Return to full activity was
achieved within one week by 43 of the 53 patients under-
going CAS and 34 of the 51 patients randomized to CEA.
All individuals in the CEA group resumed full activity by
one month. However, complications in the CAS group
significantly prolonged convalescence (57 to 120 days). -
Cost/charges. Variable costs reflect the actual expenditures
of performing a specific procedure, thus provide an accurate
‘accounting of CEA and CAS. The total variable costs
associated with CAS and CEA are similar (p = 0.89)
(Table 5). As anticipated, individual hospital costs and
charges resulting from the occurrence of complications
varied widely, although they were higher for the CAS group
secondary to prolonged hospitalization. Charges to patients,
which did not include any professional fees, were higher in

the CAS group (p = 0.01).

DISCUSSION

Endovascular technology has advanced to include treatment
of carotid occlusive disease (23,24,26-29,38). Although
proponents suggest that stenting may be effective in reduc-
ing carotid stenosis, its use has been recommended without
testing its “clinical equipoise” (39) against the standard of

- care, endarterectomy. The single published randomized

study designed to address this issue was suspended because
of significant numbers of disabling strokes associated with

Table 4. Perception of Perioperative Pain and Activity

CAS CEA

Pain scale (0-10)
24 h postprocedure (avg)
1 month postprocedure
Return to full activity (average days)
Without complication
With complications

1.2 (range 0~5)
<1.0 (0-4)

2.7 (range 0-5)
<1.0 (0-4)

12’ days (2-30)
120 days (57-140)

16 days (7-30)
-21 days (9~30)

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.
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Table 5. Comparison of Variable Costs/Patient Charges*

Nursing Cath/OR Pharmacy Lab Radiology Charges (Exﬂuding
Total Costs Costs Lab Costs Costs Costs Doctor Fees)
CAS 4,077 = 460 327 £ 39 3,550 + 286 66 *+ 16 81+ 26 105 = 11 6,653 = 367
CEA 3,415 + 1,289 1,187 =-101 1,159 * 359 470 = 229 79+ 41 108 *+ 58

5,594 *+ 166

*Expressed as Avg = SEM,

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy; OR = operating room.

stenting (32). Other multicenter prospective, randomized
trials comparing CAS with CEA have been suspended (40)
or have yet to be initiated (41). This report presents initial
observations of a clinical trial designed to investigate the

safety and effectiveness of carotid stenting compared with -

CEA in treating symptomatic carotid occlusive disease in a
community hospital.
Equipoise of stenting and endarterectomy. Our results

agree that carotid stenting is equally as effective as CEA in,

correcting and maintaining postprocedure patency of ca-
rotid stenosis (24,26,28,42). Equipoise is further supported
by MR, indicating that no asymptomatic ischemic events
occurred in the distribution of the treated vessel subsequent
to either revascularization technique (data not shown). The
occurrence of major or minor stroke or death associated
with CAS or CEA was well within the limits of acceptable
risk delineated by the NASCET (1,4) and Asymptomatic
Carotid Arteriosclerosis study (43) yet markedly differed
from previous reports of nonrandom series indicating a risk
for major or minor stroke associated with CAS approaching
6% (31). Although the “learning curve” for CAS is about 50

cases (31,42), the occurrence rates for serious complications

in series involving an excess of 100 patients is higher than .

those associated with CEA (26,28,31,43,44). The low
number of neurologic complications observed in this trial
reflects a “cerebral endovascular team” comprised of neuro-
surgeons possessing skills in endarterectomy and catheter-

based techniques, experienced interventional cardiologists

and neurologists.

Economic issues of carotid stenting versus endarterec-
tomy. Economic evaluation of stroke prevention and treat-
ment is an important factor in the heath care sector
(45-47). Thus, the deference toward evidence-based med-
icine now includes a demand for “cost-effectiveness” of new
and existing technologies. This trial addresses these issues as
characterized by length of hospital stay, the return to full
activity, patient’s perception of pain associated with the
procedure and hospital costs. The occurrence of major or
minor stroke was not observed in this trial regardless of the
revascularization procedure. Thus, in contradistinction to
Jordan et al. (31), these cerebrovascular complications can-
not be deployed in an economic argument favoring CEA
over CAS. Initially, stenting resulted in a shortened hospital
stay with most patients being discharged within 24 h.
However, based on our experience and that of others, that
complications associated with endarterectomy occur within
6 h, a growing tendency toward shorter hospitalization after
CEA has evolved (48—50). Most patients undergoing CEA

are discharged within 24 h. Although, the theoretical
advantage of “early” hospital discharge supposed through
percutaneous technology has yet to be determined, hospital
stay subsequent to CAS may be lessened in the future
through minijaturization of technology and routine use of
arterial closure devices. 7

As expected, hospitalization is prolonged by procedural
complications. Cranial or peripheral nerve injury or neck
hematomas that are rapidly recognized and. appropriately
treated do not influence hospital stay (1,16); however, the
occurrence of clinically significant retroperitoneal hemor-
rhage does prolong hospitalization (36). Although antico-
agulation is necessary, the paradigm used in stenting prob-
ably can be lessened because most cerebral ischemic events
are associated with post-stent dilation, at which time
atheromatous material may be released from the arterial wall
rather than hematologic emboli (51). Routine use of distal
protection devices in conjunction with less anticoagulation
may reduce the risk of both excessive retroperitoneal and
intraprocedural ischemic events. However, the addition of
distal protection devices designed to prevent cerebral em-

- bolization of atheromatous material actually may increase

cost/charges.

The evaluation of pain and return to full act1v1ty also
judges the economic efficiency of a procedure. The frequent
bias that “open” surgical techniques are less well tolerated in
terms of pain and discomfort than percutaneous approaches
is not supported by this trial. Both procedures seem equally
well tolerated in terms of pain and discomfort. Moreover,
return to full activity was achieved in about two weeks
regardless of the procedure. However, return to full activity
was delayed by comphcat1ons pamcularly after CAS. Pain
associated with groin complications is more limiting than
those involving incisions in the neck in terms of active daily
living.

‘Whereas, this study shows that the effectiveness of CAS
is equivalent to CEA in terms of the ability to correct
symptomatic carotid stenosis without increased risk for -
major or minor stroke, fiscal considerations tend to favor
CEA (52). Although pharmacy and “routine” hospital costs
and charges may be similar, expenditures associated specif-
ically with cardiac catheterization laboratories compared
with standard operating rooms are higher. Stents, angio-
plasty balloons, catheters, guiding wires, sheaths and the use
of temporary pacemakers are costly and nonreusable. If the
use of a distal protection device becomes a “standard of
care,” the costs will escalate further. These data suggest that,
from a perspective of an economic evaluation, the potential
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effect gained through percutaneous carotid stenting may be
lessened by increased incremental cost/charges.

Study limitations. This trial is limited to a single institu-
tion, and a select “team” with experience in cerebral vascular
disease and endovascular techniques, thus, cannot advocate
that CAS replace CEA as a primary revascularization
procedure in patients with symptomatic carotid stenosis.
However, it is the first randomized prospective study to
demonstrate that carotid angioplasty and stenting is equiv-
alent to endarterectomy for the treatment of symptomatic
carotid stenosis without added risk for major or minor
stroke. If the economic constraints of incremental costs
associated with stenting can be overcome, this trial indicates

that CAS has reached clinical equipoise with CEA.
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In-stent recurrent stenosis after carotid artery
stenting: Life table analysis and clinical relevance

Brajesh K. Lal, MD,* Robert W. Hobson II, MD,* Jonathan Goldstein, MD,” Madge Geohagan, BA,*
Elie Chakhtoura, MD,® Peter J. Pappas, MD,* Zafar Jamil, MD,* Paul B. Haser, MD,* Shubha Varma,
MD,® Frank T. Padberg, MD," and Joaquim J. Cerveira, MD,* Newark, NJ

Objectives: Carotid artery stenting has been proposed as an alternative to carotid endarterectomy in cerebral revascular-
ization. Although early results from several centers have been encouraging, concerns remain regarding long-term
durability of carotid artery stenting. We report the incidence, characteristics, and management of in-stent recurrent
stenosis after long-term follow-up of carotid artery stenting.

Methods: Carotid artery stenting (n = 122) was performed in 118 patients between September 1996 and March 2003.
Indications included recurrent stenosis after previous carotid endarterectomy (66%), primary lesions in patients at
high-risk (29%), and previous ipsilateral cervical radiation therapy (5%). Fifty-five percent of patients had asymptomatic
stenosis; 45% had symptomatic lesions. Each patient was followed up with serial duplex ultrasound scanning. Selective
angiography and repeat intervention were performed when duplex ultrasound scans demonstrated 80% or greater in-stent
recurrent stenosis. Data were prospectively recorded, and were statistically analyzed with the Kaplan-Meier method and
log-rank test.

Results: Carotid artery stenting was performed successfully in all cases, with the WallStent or Acculink carotid stent.
Thirty-day stroke and death rate was 3.3%, attributable to retinal infarction (n = 1), hemispheric stroke (n = 1), and
death (n = 2). Over follow-up of 1 to 74 months (mean, 18.8 months), 22 patients had in-stent recurrent stenosis
(40%-59%, n = 115 60%-79%, n = 6; =80%, n = 5), which occurred within 18 months of carotid artery stenting in 13
patients (60%). None of the patients with in-stent recurrent stenosis exhibited neurologic symptoms. Life table analysis
and Kaplan-Meier curves predicted cumulative in-stent recurrent stenosis 80% or greater in 6.4% of patients at 60 months.
Three of five in-stent recurrent stenoses occurred within 15 months of carotid artery stenting, and one each occurred at
20 and 47 months, respectively. Repeat angioplasty was performed once in 3 patients and three times in 1 patient, and
repeat stenting in 1 patient, without complications. One of these patients demonstrated asymptomatic internal carotid
artery occlusion 1 year after repeat intervention.

Conclusions: Carotid artery stenting can be performed with a low incidence of periprocedural complications. The
cumulative incidence of clinically significant in-stent recurrent stenosis (=80%) over 5 years is low (6.4%). In-stent
restenosis was not associated with neurologic symptoms in the 5 patients noted in this cohort. Most instances of in-stent
recurrent stenosis occur early after carotid artery stenting, and can be managed successfully with endovascular techniques.

(J Vasc Surg 2003;38:1162-9.)

Carotid artery stenting (CAS) has emerged as an alter-
native to repeat operation in the management of recurrent
stenosis after previous carotid endarterectomy (CEA).!-?
This approach has also been suggested for management of
other subgroups, including patients with significant medi-
cal comorbid conditions, anatomically inaccessible lesions
above C2, and radiation-induced stenosis.®> Endovascular
management of these high-risk subsets has been recom-
mended on the basis of acceptable immediate postproce-
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dural complications, and results of short-term follow-up
from single-institution'? and industry-sponsored trials*
(M. H. Wholey, 2003, personal communication).

However, concerns remain regarding long-term dura-
bility of carotid artery stenting. The incidence of postpro-
cedural in-stent restenosis ranges from 1% to 50% in pub-
lished reports.>® The reported rate of in-stent recurrent
stenosis (ISR) depends on the definition of recurrent ste-
nosis, duration of follow-up, and methods of diagnosis and
calculation used. Most studies have had relatively short
follow-up periods (=12 months),**° and report absolute
recurrence rates weighting each procedure equally, regard-
less of duration of follow-up. This may result in underre-
porting of ISR stenosis rates. The current study was under-
taken to prospectively determine the incidence,
characteristics, and significance of ISR after long-term fol-
low-up of carotid artery stenting. Rates of ISR to any
degree were determined with life-table analysis to more
accurately reflect recurrence relative to the population at
risk at each interval of observation.
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METHODS

Patients. Carotid artery stenting (n = 122) was per-
formed in 118 consecutive patients between September
1996 and March 2003 in an endovascular suite. These
procedures were performed as part of an institutional re-
view board-approved program in CAS. Patients with symp-
tomatic carotid stenosis 50% or greater and asymptomatic
carotid stenosis 80% or greater were considered for this
protocol. Eligibility was further determined on the basis of
criteria established at a consensus conference,® including
recurrent stenosis after previous CEA; primary lesions in
patients with significant medical comorbid conditions, such
as coronary artery disease requiring angioplasty or bypass
grafting that has not or cannot be revascularized, history of
congestive heart failure, current ejection fraction 30% or
less, steroid-dependent chronic obstructive pulmonary dis-
ease, or measured 1-second forced expiratory volume 30%
or less; primary lesions anatomically inaccessible at surgery;
and primary lesions with previous ipsilateral cervical radia-
tion therapy.

Clinical protocol and follow-up. Patients were re-
ferred to the program after findings at history, physical
examination, and duplex ultrasound (US) scanning con-
firmed eligibility for participation. Clinical, angiographic,
and procedural data were prospectively collected. Angio-
graphic stenosis was determined with criteria of the North
Atlantic Symptomatic Carotid Endarterectomy Trial.'! In-
stent least luminal diameter was compared with the distal
nontapering portion of the internal carotid artery serving as
the reference segment. Postprocedure clinical examination
and duplex US scanning were performed before discharge,
to confirm stent patency and position and to establish a
baseline. Each patient was subsequently followed up with
serial and clinical evaluation at 6-month intervals. Techni-
cal failure was defined as inability to access or treat the
lesion, or residual stenosis 20% or greater after CAS. Pa-
tients were assessed for neurologic complications at each
visit, including amaurosis fugax (focal retinal deficit re-
solved in 4 hours), transient ischemic attack (TIA; focal
hemispheric deficit resolved in <24 hours), and stroke
(focal hemispheric deficit lasting =24 hours).

All duplex US scanning was performed at the same
Intersocietal Commission on Accreditation of Vascular
Laboratories (ICAVL)-approved vascular laboratory. Ve-
locity criteria used to identify individual categories of ste-
nosis have been validated in our laboratory and are based on
a modification of the University of Washington criteria'?:
peak systolic velocity (PSV) less than 130 cm /s, 0% to 39%;
PSV 130 to 210 cm/s, 40% to 59%; PSV 210 to 300 cm/s
with end-diastolic velocity less than 120 cm /s, 60% to 79%;
PSV greater than 300 cm/s and end-diastolic velocity
greater than 120 cm/s, or internal carotid to common
carotid artery systolic velocity ratio greater than 3.2, 80% to
99%. Clinically significant recurrent stenosis was defined as
any ISR of 80% or greater. These recurrent stenostic lesions
were further evaluated with selective angiography, and
repeat intervention was performed when ISR was con-
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firmed to be 80% or greater. Endovascular repeat interven-
tion was offered to all patients with ISR 80% or greater. The
procedure followed the same protocol as the primary inter-
vention. However, angioplasty alone was preferred, with
additional stenting performed if results were suboptimal
(residual in-stent recurrent stenosis =20%). Patients were
followed up at 3-month intervals for the first year, and every
6 months thereafter.

Carotid artery stenting protocol. The protocol used
for performing CAS has been described in detail by our
group.>!'3 In brief, all patients received aspirin, 325 mg
once a day, and clopidogrel, 75 mg twice a day, for 2 days
before the procedure. The procedure was performed with
the patient under local anesthesia without sedation. Hepa-
rin was administered to achieve an activated clotting time of
250 to 300 seconds. Access was achieved through the
common femoral artery, and the left brachial artery in one
procedure. Digital angiography was performed to verify the
severity of stenosis. Intracerebral views were obtained to
establish baseline cerebrovascular anatomy. Self-expand-
able stents were used in all but four procedures, in which
short balloon-expandable stents were used early in our
experience. Stenoses were crossed with 0.018-inch Road-
runner extra-support guide wires (Cook Inc, Bloomington,
Ind) for the WallStents (Meditech /Boston Scientific, Min-
neapolis, Minn), and 0.014-inch guide wires (Hi-Torque
Floppy; Guidant, Menlo Park, Calif) for the Acculink ca-
rotid stents (Guidant). An antiembolic filter device (Accu-
net; Guidant) was used in all cases in which the Acculink
stent was delivered. On completion, ipsilateral cervical and
intracranial carotid angiography was performed to assess
technical success and to exclude distal cerebral emboliza-
tion. Post-procedure, patients were monitored in an inter-
mediate care facility overnight, and were discharged the
next morning. Clopidogrel was continued for 4 weeks, and
aspirin indefinitely.

Statistical analysis. Data are expressed as mean * SD.
Thirty-day stroke and death rates and minor neurologic
complication rates after CAS in patients with post-CEA
recurrent stenosis versus primary lesions were compared
with the Fisher exact test. Time to ISR was analyzed with
life-table methods and Kaplan-Meier curves. Differences in
ISR rates between symptomatic versus asymptomatic le-
sions, post-CEA recurrent stenosis versus primary lesions,
and WallStents versus Acculink stents were assessed with
log-rank statistics.

RESULTS

Patient characteristics. Carotid artery stenting proce-
dures (n = 122) were performed in 118 patients between
September 1996 and March 2003 in a dedicated endovas-
cular suite. Fifty-five percent of patients had asymptomatic
stenosis; 45% had symptomatic lesions. Indications for ca-
rotid artery stenting included recurrent stenosis after pre-
vious CEA (66%), primary lesions in high-risk patients
(29%), and previous ipsilateral cervical radiation therapy
(5%). Clinical characteristics are presented in Table I.
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Table 1. Patient characteristics

n %
Total patients 118
Total procedures 122
Age (y) (mean * SD) 70 £9
Female gender 52 43
Type of lesion
Asymptomatic carotid stenosis 67 55
Symptomatic carotid stenosis 55 45
Amaurosis fugax 4 3
Transient ischemic attack 27 22
Stroke 24 20
Severity of stenosis (%) (mean * SD) 86 £ 8
Indication for carotid artery stenting
Post-CEA recurrent stenosis 80 66
Previous ipsilateral cervical radiation 6 5
CAD that has not or cannot be revascularized 30 25
CHF or EF = 30% 8 7
Steroid-dependent COPD or FEV, = 30% of 4 3
predicted
Comorbidity
CAD 88 72
Hypercholesterolemia 78 64
Hypertension 106 87
Diabetes 44 36
Current or past smoker 45 37

CEA, Carotid endarterectomy; CAD, coronary artery disease; CHF, conges-
tive heart failure; EF, left ventricular ¢jection fraction; COPD, chronic
obstructive pulmonary disease; FEV, forced exhaled volume in 1 second.

Thirty-day outcome of carotid artery stenting. The
lesion was accessed and the procedure performed success-
fully in all cases, for a technical success rate of 100%. Mean
stenosis treated was 86% = 8%, and post-treatment mean
residual stenosis was 9% * 4%. WallStents were deployed in
72 procedures (59%), Acculink stents in 46 procedures
(38%), and balloon-expandable stents in 4 procedures (3%)
early in our experience. All Acculink stent deployments
were performed with an antiembolic device (Accunet). No
subintimal dissection, contrast material extravasation, arte-
rial disruption, or conversion to open surgery were encoun-
tered. Overall 30-day stroke and death rate was 3.3%, and
included one retinal infarction, one hemispheric stroke, and
two deaths. One death occurred from a myocardial infarc-
tion 10 days after discharge, and the other from an intra-
cranial hemorrhage. Minor neurologic events were noted in
7 patients, including TTA in 6 patients and amaurosis fugax
in 1 patient, for a minor neurologic complication rate of
5.7%. Post-event computed tomography (CT) scans dem-
onstrated no acute stroke, and duplex US scans demon-
strated no carotid dissections or thromboses in patients
with minor neurologic events. There were no significant
differences between patients treated for post-CEA recur-
rent stenosis versus primary lesions in the 30-day stroke and
death rates (n = 2 each; P = .61), incidence of minor
neurologic events (n = 3 and n = 4, respectively; P = .23),
or a combination of both (P = .19). Mean in-hospital
length of stay was 1.7 = 1 day.

Long-term follow-up. Over follow-up of 1 to 74
months (mean, 18.8 = 10 months), 22 patients demon-
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Fig 1. Distribution of various ranges of in-stent recurrent stenosis
in the cohort at end of follow-up.
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Fig 2. Time to development of in-stent recurrent stenosis. Most
recurrent stenosis 40% or greater occurred within 18 months of
intervention (13 of 22, 60%), and most clinically significant recur-
rent stenosis 80% or greater occurred within 15 months (3 of 5,
60%).

strated ISR 40% or greater. None of these 22 patients had
symptoms at presentation, and ISR was diagnosed at du-
plex US scanning during routine follow-up. Although re-
current stenotic lesions ranged from 40% to 99%, only 5
patients demonstrated clinically significant ISR (=80%); of
the remaining patients, ISR was 40% to 59% in 11 patients
and 60% to 79% in 6 patients. The distribution of various
ranges of ISR in the cohort at the end of follow-up are
shown in Fig 1. Most recurrent stenosis 40% or greater
occurred within 18 months of intervention (13 of 22, 60%),
and most clinically significant recurrent stenosis 80% or
greater occurred within 15 months (3 of 5, 60%; Fig 2).
On the basis of serial duplex US scans obtained after
122 procedures, 22 arteries had evidence of recurrent ste-
nosis at the date of last follow-up; stenosis was clinically
insignificant in 17 of these arteries, and clinically significant
in 5, yielding absolute recurrence rates of 18.0%, 13.9%,
and 4.1%, respectively (Fig 1). However, with cumulative
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Fig 3. Cumulative life table analysis. A, Projected recurrence rates
for 1 and 5 years were 2.7% and 6.4%, respectively, for clinically
significant disease (in-stent recurrent stenosis =80%. Cumulative
rates of in-stent recurrent stenosis 60% or greater at 1 and 4 years
were 6.2% and 16.4%, respectively (B), and of in-stent recurrent
stenosis 40% or greater were 9.0% and 42.7%, respectively (C).

life table analysis, projected recurrence rates for 1 and 5
years were 2.7% and 6.4%, respectively, for clinically signif-
icant disease (in-stent recurrent stenosis =80%; Fig 3, A;
Table II, online only). Cumulative rates of in-stent recur-
rent stenosis 60% or greater at 1 and 4 years were 6.2% and
16.4%, respectively (Fig 3, B; Table III, online only), and of
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in-stent recurrent stenosis 40% or greater were 9.0% and
42.7%, respectively (Fig 3, C; Table IV, online only).
Standard error was 10 or less for all results reported.

Log-rank statistics demonstrated no significant differ-
ences at 42 months in cumulative ISR (=40%)-free rates
between WallStents and Acculink stents (68.1% vs 72.3%;
P = .77), presence or absence of preoperative neurologic
symptoms (66.6% vs 75.9%; P = .67), and recurrent steno-
sis or primary carotid stenosis (71.8% vs 77.2%; P = .93).
Similarly, log-rank statistics in this small cohort demon-
strated that ISR rates were no different between male versus
female patients, smokers versus nonsmokers, and patients
with or without diabetes.

Management of in-stent restenosis. Patients with
moderate ISR (40%-79%) were followed up with serial
clinical evaluation and duplex US scanning at 3-month to
6-month intervals. The 5 patients with hemodynamically
significant ISR (=80%) underwent diagnostic angiography,
which confirmed 80% or greater reduction in lesion diam-
eter. Recurrences were located within or at the proximal or
distal edge of the stent in all 5 instances. Patients were
preferentially offered endovascular repeat intervention.
Four lesions were successfully treated with repeat angio-
plasty, whereas one demonstrated a suboptimal response. A
Palmaz stent (Cordis, Miami Lakes, Fla) was placed across
this lesion to obtain a satisfactory result (<20% residual
ISR). During follow-up 1 year later this patient had asymp-
tomatic internal carotid artery occlusion. Three patients
who underwent angioplasty alone have remained recur-
rence-free. One patient required two additional balloon
angioplasty procedures over follow-up of 3 years, and is
currently symptom-free, with duplex US scan—confirmed
ISR of 40% to 59% that has been stable for 13 months.
None of the patients have undergone surgical stent removal
since initiation of our program in 1996.

DISCUSSION

The long-term outcome after CEA has been well-
documented in several studies'*'®; however, despite sev-
eral thousand CAS procedures reported in the literature,®
the long-term incidence of ISR remains ill-defined. In
addition, the high incidence of recurrent stenosis after
coronary stenting’® and iliac angioplasty with stenting'”
has prompted several clinicians to question the durability of
the CAS procedure. In-stent recurrent stenosis after carotid
artery stenting has been reported as a relatively infrequent
complication by some authors. Wholey et al® reported a
rate of only 3.5%, Diethrich et al'® defined a recurrent
stenosis rate of 4.5%, Yadav et al® reported 4.9%, and
Theron reported 4%.'° In a previous report, we noted an
incidence of 8%.° However, all of these reports were based
on short follow-up.

With longer follow-up, and now with the use of life
table analysis, we are able to report more informative data
on ISR after carotid artery stenting. The life table method
represents recurrences reported relative to the patient pop-
ulation at risk during a given interval of observation. These
data therefore demonstrate all accumulated information
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Fig 4. Life table incidence of recurrent stenosis 50% or greater was 19% at 48 months.

weighting the data in relationship to the duration of follow-
up. Emphasis is placed on data at 60-month follow-up,
when the incidence of arteries free of 80% or greater in-
stent recurrent stenosis was 6.4% (Fig 3). Therefore the
incidence of hemodynamically significant ISR is higher
than the figures published in the literature, which were
based on the short-term studies quoted above.

In addition, we demonstrate development of moderate
degrees of ISR in several patients from this cohort. The
incidence of ISR 40% or greater and 60% or greater was
42.7% and 16.4%, respectively, at 48-month follow-up.
Our previously reported data on CEA (Fig 4) noted a life
table incidence of recurrent stenosis 50% or greater to be
19% at 48 months.** Similar data regarding durability of
CEA have been published by other groups.'®> Admittedly,
historical data for CEA using duplex US scanning criteria
for greater than 50% stenosis are not directly comparable
with the current CAS follow-up data in which ICAVL-
approved duplex US scanning criteria for stenosis 40% or
greater and 60% or greater were used. However, it is clear
that in a significant number of patients moderate in-stent
recurrent stenosis will develop after carotid artery stenting,
some of which will progress to high-grade stenosis. Infor-
mation regarding this subgroup of moderate stenosis has
not been emphasized in the literature. These data show the
importance of life table assessment, and demonstrate that
ISR is an on-going process that requires long-term follow-
up. Our mean follow-up of 18.8 months (range, 1-74
months) is significantly longer than previously reported in
the literature, and our current analysis enables a more
realistic appraisal of ISR across ranges of 40% to 59%, 60%
to 79%, and 80% to 99%. Our data provide reassurance that
on life table analysis hemodynamically significant (=80%)
ISR after CAS was 6.4% at 5 years. While encouraging, this
observation must be confirmed with a randomized compar-
ison of the two procedures, such as is being conducted
under the auspices of the National Institutes of Health

(Carotid Revascularization and Endarterectomy vs Stent
Trial [CREST]).'® At our institution we have not used
angiography to evaluate asymptomatic stenosis less than
80% by our ICAVL-approved vascular laboratory. There-
fore patients with in-stent recurrent stenosis less than 80%
did not undergo angiography. On the basis of these obser-
vations, we recommend close and frequent long-term du-
plex US scanning of all patients undergoing carotid artery
stenting. Our own protocol includes clinical examination
and duplex US scanning at 6-month intervals.

Of interest, ISR after carotid artery stenting was not
associated with neurologic events. Recurrent stenosis after
CEA also was associated with low rates of neurologic
symptoms in several studies.’*'® The absence of significant
neurologic complications indicates that these are primarily
myointimal hyperplastic lesions. While our analysis demon-
strates that most of these lesions occur within the first 36
months of follow-up (Fig 2), some recurrent stenoses have
been documented after longer follow-up and suggest the
possibility of recurrent atherosclerotic plaque as a possible
cause. In the absence of pathologic material, this assump-
tion of myointimal hyperplasia occurring in the first 36
months, and atherosclerotic plaque thereafter, is based on
previous reports.?°

Patients with hemodynamically significant in-stent re-
current stenosis were treated successfully with further en-
dovascular interventions, namely, angioplasty alone or in
combination with stenting. Four of five lesions responded
well to angioplasty alone, whereas one lesion required an
additional stent. Embolic neurologic complications have
been reported in some instances after endovascular treat-
ment of ISR.?' No periprocedural complications were
noted in our series; however, one patient did have asymp-
tomatic occlusion after 1 year. Surgical removal of a stent
has not been required in this series; however, anecdotal
reports in the literature suggest that this and other surgical
procedures may be required in rare instances.>*** One
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patient has required three balloon dilations to maintain
arterial patency over 3 years. Notwithstanding the recom-
mendations for conservative management of these asymp-
tomatic lesions by some groups,?* we suggest management
of these high-grade stenoses with catheter-based tech-
niques to prevent occlusion of the artery and possible
neurologic complications.

There has been some speculation that CAS of recurrent
stenotic lesions may be associated with higher rates of ISR
secondary to stimulation of an already activated intimal
hyperplastic lesion. In addition, stent material and physical
properties have been hypothesized to influence recurrence
rates.'® The correlation of the degree of stent-induced
injury to the vessel wall, with the extent of intimal hyper-
plasia, has been shown in experimental models.'® Log-rank
analysis of Kaplan-Meier curves for symptomatic versus
asymptomatic lesions in this series did not demonstrate any
significant differences in proportion of recurrence-free ar-
teries. Similarly, there were no differences in recurrence-
free survival observed between patients who received Wall-
Stents versus Acculink stents, both of which are self-
expanding stents. Balloon-mounted stents were deployed
in too few instances in this series to compare them with
self-expanding stents. No difference was noted in the pro-
portion of recurrence-free arteries between patients treated
for recurrent stenotic disease after CEA versus primary
atherosclerosis. These results must be interpreted with cau-
tion, because a larger cohort may be required to unmask
minor differences in long-term durability. Of interest, two
separate industry- sponsored trials using two different
stents (Acculink and Precise) have reported similar short-
term complication rates of 30-day stroke, death, or myo-
cardial infarction for both (7.8 vs 5.8%, respectively)*
(M.H. Wholey, 2003, personal communication). Data for
follow-up longer than 6 months and ISR rates are not
available.

The ultimate value of CAS compared with CEA will be
based on randomized clinical trials in North America
(CREST') and Europe (Stent-protected Percutaneous
Angioplasty of the Carotid vs Endarterectomy
[SPACE]?®). Within the next 2 to 3 years data will be
available on the efficacy of these two procedures in treating
primary extracranial carotid occlusive disease. Our study,
comprising 66% post-CEA restenosis lesions, indicates that
at long-term follow-up with life table analysis, the incidence
of ISR after CAS is higher than that reported in the litera-
ture. We also demonstrate development of moderate de-
grees of ISR (40%-79%) in a significant number of patients.
Both types of lesions tend to occur early in the course of
follow-up, and may not be associated with neurologic
complications. These findings suggest continuing use of
carotid artery stenting under careful institutional review
board supervision or in well-designed, well-controlled ran-
domized studies in selected patients at high-risk.® They also
emphasize the importance of regular duplex US scanning
and clinical follow-up to monitor long-term complications.
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DISCUSSION

Dr Daniel Clair (New York, NY). I"d like to congratulate Dr
Lal on an excellent presentation and the authors on a well-written
paper addressing a topic that I believe most surgeons think has
receive limited attention by nonsurgeons performing this proce-
dure. I’d also like to thank the authors for supplying me with a copy
of their manuscript for review.

I have several questions for the authors regarding their study.
In terms of classification of the lesions, degree of stenosis with
duplex ultrasound, are there any changes in specific duplex criteria
that were utilized in patients evaluated with ultrasound in the
poststenting situation?

It is clear that data generated from duplex evaluations have
been confirmed in patients with primary carotid stenosis; however,
the stents clearly alter the hemodynamics of the bifurcation and
may affect classification of duplex ultrasound data in terms of the
degree of stenosis. Were there any other evaluations done of these
patients to confirm the degree of stenosis on the poststenting
duplex evaluations?

Another question I have relates to standard errors (SEs) that
were missing from the life table analysis at the 60-month time
point. It was difficult with a mean follow-up of 18 months to get a
sense of how meaningful the data at 60 months would be for this
patient population without some form of SE bars on the life table
analysis graphs.

Another question I have relates to information gained from
this study in terms of the technique of carotid artery stenting.
There are a limited number of patients who went on to have
reintervention, and I’m sure those patients have had review of their
initial angiographic data. Since the occurrences usually occurred at
the stent end points, were there any abnormalities at the stent end
points at initial stent placement? Specifically, were there problems
with the stent-to-arterial wall coapctation in these regions, in-
creased tortuosity, especially at the distal end points, or any other
issues which may have altered the authors’ techniques of carotid
stenting in these patients?

Dr Brajesh K. Lal. In terms of changes in duplex ultrasound
diagnostic criteria, the patients were scanned using the same crite-
ria in our ICAVAL-approved laboratory. We have noticed changes
in velocities in some of our patients and, in fact, are going to report
a detailed analysis of this at the upcoming national meeting (Vas-
cular 2003). We are revising our velocity criteria; however, our
follow-up protocol also incorporates detailed B-mode scans in any
patient identified as having restenosis on the basis of velocity
criteria. Only then is the patient categorized as having a significant
in-stent restenosis.

All the graphs clearly indicate the standard errors at the
bottom. All the data reported at 60 months for 80% in-stent
restenosis and at 48 months for the 60% and 40% in-stent resteno-
ses are with standard errors less than 10. So they’re all significant in
that respect.

As far as the technique for reintervention is concerned, I agree
with you: little has been written about it because very few of the
physicians who have published on carotid stenting in large num-

bers have analyzed their incidence of in-stent restenosis, using life
table analysis.

We chose to report our in-stent restenoses and discuss the
technique and approach that we have used to try and open up a
discussion on this fact. One of our patients, as we have described,
went on to occlude after restenting. Another required 3 subse-
quent interventions to maintain arterial patency and is currently at
40% to 59% in-stent restenosis. So when do we call a halt and
operate on these patients? These are issue that still need to be
studied, reported, and debated.

Dr Ali F. AbuRahma (Charleston, WV). I’d like to empha-
size a point, which I hope the author includes in the paper prior to
submitting it to the Journal of Vascular Surgery, since the study
will be quoted by many of our nonsurgical colleagues in North
America. As the author indicated, a significant number of his
patients have stenoses of >80%; as a matter of fact, you have a total
of 14 patients with stenoses of 40% to 60% and 60% to 80% in this
group. Can you imagine if the follow-up were longer? Some of
these patients could have progressed to =80%. Therefore, perhaps
the paper should emphasize the fact that even though the numbers
of patients with stenoses of =80% was somewhat low at 18 months,
this number could increase if the follow-up was longer.

Dr Lal. We agree on the importance of long-term follow-up.
We have emphasized that there are several patients with in-stent
restenosis who have not approached the hemodynamically signifi-
cant (80%) limit That is why this study incorporated reporting on
the 60% and the 40% in-stent restenosis rates. These patients do
require longer follow-up and there’s more to the story that may
evolve later. Most of the publications on in-stent restenosis after
CAS are on short-term follow-ups, with reporting of 80% resteno-
sis. The current study identifies the entire range of restenoses.

Dr Bruce Perler (Baltimore, Md). My question relates to the
obvious dramatic improvement in outcome in your center. As I
recall Dr Hobson’s earlier report, which you cited, at 1 year the rate
of >80% restenosis was 8%. And now you’re telling us that at 5
years the rate of 80% restenosis is about 6.5%. So I wonder whether
that initial cohort of 50 patients was included in this series of 100+
cases. And whether it was or wasn’t, might you speculate on why
the long-term durability has gotten so much better? I could see
periprocedural morbidity improving with experience, but I’m not
sure I understand why the durability would improve. Is there a
change in your selection of stent, change in technique, or some
other cause?

I ask because, as the other speakers have said, there clearly are
other series reporting much more dramatic rates of restenosis, such
as CAVATAS, where at 1 year a severe restenosis or occlusion
occurred in, I believe, 23% of patients, and other series support
that. So why are your results becoming so much more durable?
How have you changed what you’re doing?

Dr Lal. To answer your last question first, in CAVATAS the
majority of patients were treated with angioplasty alone, and
carotid stenting was a rescue procedure that occurred in only 25%
of the patients. That may explain the high restenosis rates in that
study. After the four restenoses noted in our first 50 patients, there
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Objectives: Carotid artery stenting (CAS) has been recommended as an alternative to carotid endarterectomy (CEA) by
some clinicians. However, recently published clinical trials have reported 30-day stroke and death rates of 10% to 12%.
This prompted review of our experience with CAS in patients at high risk, to document our results and guide further use
of CAS.

Methods: From September 1996 to the present, we performed 114 consecutive CAS procedures in 105 patients.
Sixty-three patients were men (60%) and 42 patients were women (40%), with mean age of 70 years (range, 45-93 years).
Indications for CAS included recurrent stenosis after previous CEA in 74 patients (65%), primary lesions in 32 patients
at high risk (28%), and carotid stenosis with previous ipsilateral radiation therapy in 8 patients (7%). Asymptomatic
stenosis (>80%) was managed in 70 patients (61%), and symptomatic lesions (>50%) were treated in 44 patients (39%).
Results: CAS was technically successful in all patients. Mean severity of stenosis before CAS was 87% % 6%, compared with
9% = 4% after CAS. Two patients (1.9%) died, 1 of reperfusion—intracerebral hemorrhage and 1 of myocardial infarction
10 days after discharge; and 1 patient (0.95%) had a stroke (retinal infarction), for a 30-day stroke and death rate of
2.85%. Two patients (1.9%) had transient neurologic events. No cranial nerve deficits were noted. No neurologic
complications have been noted in the last 27 patients (26%).

Conclusions: A 30-day stroke and death rate of 2.85% in our experience demonstrates acceptability of CAS as an alternative
to repeat operation or primary CEA in patients at high risk or in patients with radiation-induced stenosis. We recommend
further clinical investigation of CAS and participation in clinical trials by vascular surgeons. (J Vasc Surg 2003;37:

1234-9.)

Carotid endarterectomy (CEA) is the currently recom-
mended standard for management of symptomatic' ® and
asymptomatic*® high-grade extracranial carotid stenosis.
Carotid artery stenting (CAS) has emerged as a useful and
potentially less invasive alternative to CEA.°'! Recently
published consensus statements’?*® have suggested that
CAS may be preferred in specific subgroups of stenotic
lesions, including carotid recurrent stenosis after previous
CEA, stenosis in patients at high risk with significant med-
ical comorbidity, anatomically inaccessible lesions above
C,, and radiation-induced stenosis. However, recent clini-
cal trial reports'*'5 have documented 30-day stroke and
death rates of 10% to 12%, raising significant issues and
concerns regarding the safety of this new technique. To
address these reports, we reviewed our experience with
CAS in a cohort of patients at high risk, to document
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short-term and long-term results and guide further treat-
ment with CAS.

METHODS

Patient population. From September 1996 to May
2002, 105 consecutive patients underwent 114 CAS pro-
cedures as part of an Institutional Review Board—approved
program. Informed consent was obtained, and information
was prospectively collected regarding symptomatic status,
degree of stenosis, characteristics of previous operations,
and presence of medical comorbidity.

Patients included in the program had symptomatic
(>50% diameter) or asymptomatic (>80%) carotid recur-
rent stenosis after previous CEA; symptomatic (>50%) or
asymptomatic (>80%) primary carotid stenosis with a his-
tory of radiation to the ipsilateral neck; and symptomatic
(>50%) or asymptomatic (>80%) primary carotid stenosis
with one or more medical comorbidity, including coronary
artery disease requiring angioplasty or bypass grafting
within the 6 months before carotid intervention, history of
congestive heart failure (CHF), current ejection fraction
less than 30%, steroid-dependent chronic obstructive pul-
monary disease, or measured forced expiratory volume in 1
second less than 30% of predicted.

CAS protocol. Patients were referred after history,
findings at physical examination, and results of duplex
ultrasound scanning confirmed eligibility for participation.
Pretreatment in all patients included aspirin, 325 mg/d,
and clopidogrel, 75 mg twice a day, for 2 days before the
procedure. Local anesthetic (1% lidocaine) was infiltrated at
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Fig 1. Selective lateral carotid angiogram shows high-grade ste-
nosis in proximal internal carotid artery.

the access site. No sedation was given before or during the
procedure. Intra-arterial blood pressure and oxygen satu-
ration were monitored continuously, and neurologic status
was assessed at regular intervals. Weight-adjusted heparin
was administered (70 U/kg), and activated clotting time
was maintained at 250 to 300 seconds.

A description of our endovascular technique has been
published.’®! Standard retrograde access was achieved
through the common femoral artery, or the left brachial
artery in 1 patient, with a 6F vascular sheath. A 0.035 inch
guide wire (Wholey modified J, 175 c¢m; Mallinkrodt, St
Louis, Mo) in a 5F cerebral diagnostic catheter (Vitek;
Cook, Bloomington, Ind) was introduced for selective
cannulation of the common carotid artery. Digital angiog-
raphy was performed in the lateral, anteroposterior, and
oblique planes to clarify severity of stenosis (Fig 1). Intra-
cerebral views were obtained to assess baseline cerebrovas-
cular anatomy. Subsequently, the diagnostic catheter was
exchanged over a 0.035 inch exchange-length (260 c¢m)
Amplatz Super Stiff guide wire (Meditech/Boston Scien-
tific, Natick, Mass) for an 8F or 6F 100 cm long sheath,
which was passed into the common carotid artery. Self-
expandable stents were used in all patients but 5, in whom
short balloon expandable stents were used early in our
experience. Stenoses were crossed with 0.018 inch Road-
runner extra-support guide wires (Cook) in patients in
whom the WallStent (Meditech/Boston Scientific, Minne-
apolis, Minn) was used, and 0.014 inch guide wires were
used in patients in whom the ACCULINK (Hi-Torque
Floppy; Guidant, Menlo Park, Calif) was used. In the last
26 patients, an anti-embolic distal filter device (ACCU-
NET; Guidant) was used (Fig 2).'¢ Pre-stent dilation was
performed in about 20% of cases with low-profile 3X to 4 X
30-mm balloon catheters inflated to 8 atm, followed by
stent deployment. Post-stent dilation was performed with 5
or 6 mm high-pressure balloons inflated to 8 atm in all
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Fig 2. Sclective angiogram shows results after placement of a
self-expandable nitinol stent. An antiembolic device (ACCUNET)
was used during the procedure.

cases. On completion of the procedure, ipsilateral cervical
(Fig 3) and intracranial carotid angiography was performed
to assess technical success and to exclude distal cerebral
embolization.

Patients were transferred to a monitored intermediate
care facility and were discharged the next morning. A
post-procedure clinical examination and duplex ultrasound
scanning was performed before discharge to assess stent
patency and position. Clopidogrel was continued at 75
mg/d for 4 weeks, and aspirin was continued indefinitely.
Patients were followed up at 6-month intervals with clinical
examination and duplex ultrasound scanning. Technical
failure was defined as inability to access the lesion or post-
stenting residual stenosis 15% or greater. Transient isch-
emic attack (TTA) was defined as a focal hemispheric deficit
that resolved within 24 hours, whereas a similar deficit
lasting more than 24 hours was defined as a stroke. Amau-
rosis fugax was defined as focal retinal deficit lasting less
than 24 hours. Clinically significant in-stent recurrent ste-
nosis was defined as more than 80% reduction in diameter
as identified at duplex ultrasound scanning and confirmed
at angiography. A significant arterial access site complica-
tion was defined as any dissection, hematoma, pseudoan-
eurysm, arteriovenous fistula, or infection requiring blood
transfusion, intravenous antibiotic therapy, or surgical or
endovascular intervention.

RESULTS

Patient characteristics. Patient mean age was 70 years
(range, 45-93 years). Sixty percent of patients were men
(n = 63), and 40% were women (n = 42). Thirty-nine
percent of procedures were performed to treat symptomatic
primary carotid stenosis or carotid recurrent stenosis after
previous CEA (stroke, n = 12; TIA, n = 27; amaurosis
fugax, n = 5), and 61% were performed for management of
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Fig 3. Post-procedure photograph of the anti-embolic device (ACCUNET) used in the patient in Fig 2. Note debris

(arrow) trapped within the device.

Table I. Indications for carotid angioplasty stenting in a
consecutive series of 105 patients

Table II. Medical comorbidity in a consecutive series of
patients undergoing carotid artery stenting

Indication No. % Medical Comorbidity No. %
Carotid recurrent stenosis after previous 74 64.9 CAD 74 64.9
carotid endarterectomy CAD with coronary intervention within 26 22.8
Primary carotid stenosis in patients with severe 32 28.1 6 months before CAS
medical comorbidity History of CHF or EF =30% 4 35
Carotid stenosis with previous ipsilateral 8 7 Steroid-dependent COPD or FEV, 2 1.8
cervical radiation therapy =30% of predicted
Hypercholesterolemia 68 59.6
Hypertension 97 85.8
T : — £). Diabetes 44 38.6
asymptomatic disease (no neurologic symptoms, n = 62; Smoking i 356

nonlateralizing “global” symptoms, eg, lightheadedness or
headache, n = 8). Mean severity of stenosis treated was 87%
* 6% (SD). Indications for CAS are presented in Table I,
and medical comorbidity are summarized in Table II.

RESULTS

All CAS procedures were accomplished successfully.
Self-expanding WallStents (8 X 20 mm and 10 X 20 mm)
were used in 81 CAS procedures (71%); self-expanding
ACCULINK stents (nickel-titanium, 8 to 6 mm or 10 to 7
mm tapered by 20 or 30 mm) were used in 28 instances
(24.6%); and 5 balloon-expandable stents were used during
the early part of our experience (4.4%).

No contrast extravasation, arterial disruption, or subin-
timal dissections were observed. Residual stenosis after
CAS did not exceed 15% in any case; mean residual stenosis
was 9% *= 4% (SD). Arterial access site hematoma or pseu-
do-aneurysm requiring blood transfusion or operative in-
tervention was observed in 5 patients (4.7%).

Overall 30-day stroke and death rate was 2.85%. Two
deaths occurred (1.9%), 1 from myocardial infarction 10
days after discharge in a patient with symptomatic stenosis
with medical comorbidity (1 of 32 [3.1%]) and 1 from
intracranial hemorrhage 1 day after CAS in a patient with
asymptomatic recurrent stenosis after CEA. Stroke, a reti-
nal infarction with partial field of vision loss, occurred in 1
patient (0.95%) with asymptomatic recurrent stenosis (2 of

CAD, Coronary artery disease; CAS, carotid angioplasty stenting; CHF,
congestive heart failure; EF, left ventricular ejection fraction; COPD,
chronic obstructive pulmonary disease; FEV), forced exhaled volume at 1
second.

74 [2.7%]). No complications occurred in symptomatic or
asymptomatic patients who had undergone radiation
therapy (0 of 8 [0%]). Minor neurologic events (TIA)
occurred in 2 patients (1.9%). Mean in-hospital stay was
1.6 days (range, 1-7 days) for the entire series; and 72%
of patients were discharged the morning after the proce-
dure.

All patients were followed up at 6-month intervals
(mean follow-up, 25.9 months; median follow-up, 22.4
months; range, 3.1-69 months). During this period, high-
grade in-stent recurrent stenosis with 80% or greater diam-
eter reduction developed in 4 patients (3.8%). Although
these patients had no symptoms, repeat intervention was
recommended because of severity of the recurrent stenosis.
In 3 of these patients treatment with angioplasty alone was
successtul, whereas in 1 patient angioplasty with additional
stenting was required. Mean time to recurrent stenosis was
13 months (range, 6.8-21 months). All 4 patients have
remained asymptomatic without recurrent stenosis during
further follow-up.
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DISCUSSION

Results from two randomized clinical trials comparing
CAS with CEA have reported 30-day stroke and death rates
in the 10% to 12% range. In a trial that was stopped carly by
the sponsor, Alberts'* presented data comparing CEA with
CAS in 219 patients with symptomatic carotid stenosis in
the range of 60% to 99%. No risk stratification was at-
tempted, and the cohort comprised a mix of patients eligi-
ble and ineligible for the North American Symptomatic
Carotid Endarterectomy Trial (NASCET). All patients in
the CAS group received a WallStent endoprosthesis, as well
as aspirin and ticlopidine periprocedurally. The 30-day
periprocedural stroke and death rate was 12.1% for CAS
and 4.5% for CEA (P = .049). The 1-year ipsilateral stroke
rate was 3.6% in the operative group, compared with 12.2%
in the stent group (P = .022). The reliability of results in
this study was limited by the observations that complica-
tions were clustered around inexperienced operators and
that the number of patients was small.

The recently published Carotid and Vertebral Artery
Transluminal Angioplasty Study (CAVATAS) multicenter
trial'® randomized 504 patients with carotid artery steno-
sis, of which most had symptoms (96%), to undergo ecither
balloon angioplasty or CEA. Patients were not stratified
according to medical comorbidity or cause of stenosis;
therefore this cohort also contained patients with minimal
or absent medical comorbidity and those who would have
been considered eligible for NASCET. Of note, stenting
was performed in only 26% of the 251 patients randomized
to the endovascular treatment arm. The authors of CAVA-
TAS acknowledged that the results of balloon angioplasty
would be out of date when their study was published,
because carotid stent placement has emerged in the past
few years as the preferred method. The 30-day disabling
stroke and death rate was 6.4% for endovascular manage-
ment and 5.9% for CEA, compared with 10.0% and 9.9%
for overall stroke and death. Cranial nerve palsy occurred in
8.7% of surgical patients, but in none in the endovascular
treatment group. While endovascular and surgical manage-
ment resulted in comparable complication rates, the com-
plication rate reported for the endovascular group was
higher than previously reported.®™

This prompted review of our own data for a carefully
selected group of patients with carotid stenosis or recurrent
stenosis who would be considered at higher risk for periop-
erative neurologic or cardiac morbidity and mortality. In
this group of 105 patients, we performed 114 carotid
interventions, with a combined 30-day stroke and death
rate of 2.85%. This complication rate compares favorably
with the 30-day stroke and death rates noted after CEA by
our group'® and subsequently by randomized multicenter
trials.”® Our results are also similar to the 30-day stroke
and death rates for CAS in studies with a larger number of
patients that did not limit the procedure to high-risk
groups.”!”

We accomplished carotid revascularization in 114 con-
secutive procedures, with a technical success rate of 100%.
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Mean residual stenosis immediately post-procedure was 9%
+ 4% (SD). This indicates technical feasibility of CAS once
appropriate training and experience with necessary catheter
and guide wire skills are obtained. Our mean follow-up was
25.9 months (median, 22.4 months), with the longest
follow-up more than 5 years. An in-stent recurrent stenosis
rate of 3.8% over this long follow-up confirms that the
procedure is durable. The recurrence rate was low even
when most patients (67%) reviewed had post-CEA intimal
hyperplastic recurrent stenotic disease. Initial concerns
were raised that CAS may produce the high recurrence rates
of 16% to 59% observed in the coronary interventional
experience.'®2! A report of 8 CAS procedures performed
because of recurrent stenosis after CEA suggested a simi-
larly high in-stent recurrent stenosis rate.'® However, sig-
nificantly larger clinical series, including the present study
and others,>>?® confirmed in-stent recurrent stenosis rates
after CAS of less than 5%.

Seven percent of patients in this series had previously
received cervical radiation. These stenoses are frequently
long, multiple, or located in surgically less accessible loca-
tions. CEA through irradiated tissue historically has been
associated with increased perioperative morbidity and mor-
tality, including cranial nerve palsy.'® Radiation-induced
carotid stenosis has been identified as a high-risk group at
the Montefiore Consensus conference.'® CAS was recom-
mended as an appropriate alternative to CEA at that meet-
ing. We have used CAS preferentially to treat radiation-
induced carotid stenosis at our institution.

Carotid recurrent stenosis after CEA is uncommon and
is attributed to myointimal hyperplasia during the early
postoperative period (within 36 months) or recurrent ath-
erosclerosis thereafter. Hill et al** reported absence of
operative morbidity and mortality in a series of 40 opera-
tions to treat recurrent stenosis after CEA. O’Donnell et
al?® reported a 4.2% 30-day stroke and death rate after
operative intervention in 48 patients with recurrent stenosis
after CEA. Transient cranial nerve palsy was observed in
18.9%, and 7.5% of the medically treated group experi-
enced a de novo stroke while being followed up medically
because of recurrent stenosis after CEA. The authors’ meta-
analysis of six other clinical series demonstrated an overall
30-day stroke and death of 5.2%. While the operative
complication rate in the series of O’Donnell and colleagues
was not significantly greater than that for primary CEA,
others report that repeat operation is associated with in-
creased risk for perioperative complications. In general, the
rate for neurologic events ranges from 4.3% to 19.5%, and
for cranial nerve palsy ranges from 9.2% to 19.8%.262%
Because of these issues, several authors regard patients with
recurrent carotid stenosis as at high risk for repeat opera-
tion, as compared with primary CEA, and recommend CAS
as an alternative to operative management.®'%-11-29-30
Most patients (67%) in the current series underwent CAS to
treat recurrent stenosis after CEA. No cranial nerve palsies
were noted, and the overall periprocedural stroke and death
rate (2.85%) compares favorably with published data on
operative complications.
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Several authors have attempted to define higher risk for
primary carotid endarterectomy. McCrory et al*! analyzed
data for 1160 CEAs performed at 12 academic medical
centers and identified predictors of heightened risk. Overall
30-day stroke and death rate was 4.8%; however, predictors
of heightened risk included age older than 75 years, symp-
tomatic status (hemispheric TIA, non-disabling stroke),
diastolic blood pressure greater than 110 mm Hg, CEA
before planned aortocoronary bypass with history of an-
gina, evidence of intra-arterial thrombus, and stenosis near
the siphon (lesion above C,). Presence of two or more
predictors suggested a twofold increase in risk, which
would then approach 10%. Goldstein et al*> more recently
reviewed the same database and noted higher postoperative
stroke and death rates for women (5.6% vs 1.6%; P = .02),
for age older than 75 years (7.7% vs 1.8%; P = .01), and for
history of CHF (8.1% vs 2.3%; P = .03). Recently, Ouriel et
al®? identified a subset of patients at high-risk whose com-
posite end point of stroke, myocardial infarction, and death
was 7.4%, whereas the corresponding rate in a subset of
patients at low risk was 2.9% (P < .005). The subgroup at
high risk was identified by presence of coronary artery
disease, history of CHF, chronic obstructive lung discase,
or renal insufficiency. Finally, Rothwell et al®** analyzed
data for 1729 patients from the European Carotid Surgery
Trial who underwent CEA. They noted that risk for peri-
operative complications was higher in women, in cerebral
as opposed to ocular ischemia, in patients older than 75
years, in systolic hypertension, and in the presence of pe-
ripheral vascular disease. On the basis of these published
data, we identified a high-risk subset of patients with pri-
mary carotid stenosis with severe cardiac or pulmonary
disease. These patients formed a small subset of our overall
experience (28%) and were preferentially offered CAS.

Our results demonstrate that CAS can be performed
successtully once sufficient technical expertise is acquired.
Contrary to published reports,'*'® periprocedural compli-
cations were low and results were durable. Each institution
must make decisions regarding continued use of CAS on
the basis of their individual experience. However, for our
group, continued use of the technique in subsets of patients
considered at higher risk seems appropriate until data are
generated from larger randomized clinical trials and regis-
tries over the next 2 or 3 years.'®
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From the Society for Clinical Vascular Surgery

Safety and durability of redo carotid operation: An
11-year experience

Jae-Sung Cho, MD, Keshav Pandurangi, MD, Mark F. Conrad, MD, Alexander S. Shepard, MD, John
A. Carr, MD, Timothy J. Nypaver, MD, and Daniel J. Reddy, MD, Detroit, Mich

Purpose: With the recent emergence of carotid stenting in the management of carotid disease, the role of surgery has been
challenged, particularly for recurrent carotid stenosis. This study was undertaken to determine the safety and durability
of redo carotid operation (RCO) for recurrent stenosis.

Methods: A retrospective review identified 64 consecutive patients who underwent 66 RCOs between 1990 and 2000.
There were 33 males (52%) and 31 females, with a mean age of 68.2 years (range, 38-84 years). The mean interval from
the primary carotid surgery to RCO was 77.5 months (range, 1-292 months). Operative indications were severe
asymptomatic stenosis in 33 cases (50%), transient ischemic attacks (TTIA) or amaurosis fugax in 25 (38%), recent stroke
in 6 (9%), and nonhemispheric symptoms in 1. Two operations were tertiary carotid reconstructions. A total of 56 (85%)
patch angioplasties were performed, 49 with vein and 6 with synthetic material. Primary closure was performed in three
cases (5%), whereas interposition grafts were required in eight (12%). Complete follow-up was available in 59 patients
(92%) and averaged 4.3 years (range, 0.2-12.9 years); 97% of patients underwent follow-up duplex scanning.

Results: There were no operative deaths and only two operative strokes (3.1%). Permanent cranial nerve deficit occurred
in one patient (1.5%). Late stroke occurred in five patients: four ipsilateral and one contralateral. Kaplan-Meier estimates
for 5- and 10-year stroke-free survival were 92% and 74%, and for overall survival were 72% and 50%. Duplex scanning
detected significant recurrent carotid stenosis (>80%) or occlusion in six cases (9%) at a mean follow-up of 4.1 years.
Kaplan-Meier estimates for freedom from recurrent stenosis of >80% were 94% and 86% at 5 and 10 years.
Conclusions: RCO for recurrent carotid stenosis can be performed safely with excellent protection from stroke and
long-term durability. These data provide a standard against which the results of carotid stenting can be compared. (J

Vasc Surg 2004;39:155-61.)

No surgical procedure has endured more intense scru-
tiny than carotid endarterectomy (CEA). Through multi-
ple randomized trials for symptomatic’® and asymptomat-
ic*® carotid stenosis, CEA has been proven to be an
effective and durable procedure to reduce the risk of stroke.
With the recent emergence of carotid angioplasty and
stenting (CAS) as a safe alternative to CEA”'? clinical
equipoise between CAS and CEA now exists among differ-
ent specialists. As a result, the role of CEA is again being
challenged, in particular for high-risk patients or for those
with recurrent carotid stenosis (RCS). Long-term results
after CAS are scarce and, when available, will need to be
compared with those of CEA to help resolve uncertainty
about its role. Although the literature is replete with papers
on RCS, long-term outcome after redo carotid operation
(RCO) with objective documentation of carotid artery
patency is relatively scarce.'* ¢ This study was undertaken
to review a contemporary series of patients undergoing
RCOs to define the safety and durability of such proce-
dures.
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METHODS

From a computerized vascular surgery registry and
institutional operative logs, all patients who underwent
CEA on the vascular surgery service at the Henry Ford
Hospital between January 1990 and December 2000 were
identified. Of the 1127 consecutive CEAs performed dur-
ing this period, 66 RCOs were carried out in 64 patients,
representing 6% of the total. Two of these patients, who
had had a secondary RCO performed elsewhere, under-
went a tertiary carotid reconstruction. Individual RCOs
were counted separately so that patients undergoing
staged, bilateral procedures were recorded and evaluated as
two entries. Specifically excluded were patients who under-
went re-exploration in the immediate postoperative period
for lesions related to technical problems, such as clamp
injuries, intimal flaps, or kinks.

The specific end points analyzed were 30-day death,
stroke, and other procedure-related complications and the
occurrence of late stroke, death, and secondary restenosis.
Stroke was defined as any focal neurologic deficit of abrupt
onset persisting for more than 24 hours. Incidence rates for
late death, stroke, and carotid artery secondary restenosis
were studied. Perioperative morbidity and mortality, as well
as 5-year stroke-free survival and 5-year survival rates, were
compared with those of primary CEAs performed during
the same period.'” Follow-up data were obtained through
review of medical records and clinic notes or by direct
contact with the patient or family. Records of carotid
duplex scans were retrieved from a computerized vascular
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Table I. Comorbidities
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Table II. Complications

No. of patients (%)

Number of patients (%)

HTN 49 (75)
Smoking 41 (63)
Hyperlipidemia 36 (55)
Heart disease 35 (54)
DM 16 (25)
Renal insufficiency 5(8)

HTN, Hypertension; DM, diabetes mellitus.

laboratory registry. Our noninvasive vascular laboratory
grades the degree of carotid stenosis on the basis of the
classic categories defined by the University of Washington
vascular laboratory in the early 1980s and updated in the
1990s.*® The following categories were used: 0%-15%,
16%-49%, 50%-59%, 60%-79%, 80%-99%, and occlusion.

Because secondary restenosis is likely to occur before its
detection, the time of secondary restenosis was chosen to
be the midpoint between the last normal examination
(<50% stenosis) and its detection.

Sociodemographic data and risk factors associated with
perioperative morbidity and mortality were evaluated by
using x? and the Student #-test as appropriate. Cox propor-
tional hazard model was used for relative risk determination
for data with variable follow-up. Actuarial survival analysis
was performed by using Kaplan-Meier life tables. A Pvalue
of <0.05 (log-rank) was considered significant for all sta-
tistical analyses.

RESULTS

The study population included 33 males (52%) and 31
females, with a mean age of 68.2 years (range, 38-84 years).
Comorbidities are listed in Table I. No differences were
noted in the distribution of risk factors between symptom-
free patients and those with symptoms. When compared
with 1045 primary CEAs performed at the Henry Ford
Hospital from January 1990 to December 1999,'” no
significant differences were detected in the incidence of risk
factors.

Operative indications were severe asymptomatic steno-
sis detected on routine follow-up duplex examinations in
34 cases (52%), TIAs or amaurosis fugax in 25 cases (38%),
recent stroke in 6 cases (9%), and nonhemispheric symp-
toms in 1 case. Among the symptom-free patients, 31
(91%) were found to have a stenosis of greater than 80% on
duplex imaging. The remaining three patients with less
than 80% recurrent stenosis underwent RCO for 60%-79%
stenosis with either an ulcerated lesion (two patients) or
kinking of the internal carotid artery (one patient). The
mean interval from the primary carotid surgery to RCO was
6.6 years (range, 0.2-24.7 years). Thirty-five percent of
patients underwent RCO within 18 months of their pri-
mary CEA.

All RCOs were performed under general anesthesia,
with continuous electroencephalographic (EEG) monitor-
ing in 94% of the patients. Intraoperative shunting was used

Stroke
TIA 2 (3)
Cardiac 3(5)
CN injury
Partial transection of CN XII 1(1
Permanent vocal cord paralysis 1(1
Transient CN X palsy 1(1
Transient CN XI palsy 1(1.
Transient mandibular nerve palsy 2(3
Brachial artery thrombosis 1(1
Hematoma requiring evacuation 2(3

A patient may have more than one complication.
TIA, Transient ischemic attacks; CN, cranial nerve.

Table III. Comparison of perioperative complications
between RCO and primary CEA

RCO (%) I°CEA (%) P

Stroke 3 3 .99
Death 0 0.9 5
TIA 3 0.5 .02
CN injury 6 2.5 .08
Cervical hematoma 3 1.7 .6
MI 3 1.1 2
Death, stroke, TIA 6 4 5
Death, stroke, TIA, MI 9 5 2
TIA, CN injury, cervical hematoma 12 5 .01
All combined 18 10 .03

RCO, Redo carotid operation; 1° CEA, primary carotid endarterectomys;
TIA, transient ischemic attack; CN, cranial nerve; M1, myocardial infarction.

in 27% of the cases (17 of 62), on the basis of EEG changes.
Arteriotomies were closed predominantly with patch an-
gioplasty in 55 cases (85%): 49 with vein and 6 with
Dacron. Primary closure was performed in 3 cases (5%),
whereas interposition grafts were required in 8 cases (12%):
7 with vein and 1 with expanded polytetrafluoroethylene.
Mandibular subluxation was employed in 11 cases
(17%), with resection of the styloid process to expose a
high, distal lesion in one patient. The contralateral ICA was
occluded in eight patients (12%) and the ipsilateral ICA was
occluded in two patients (3%), one of whom underwent
endarterectomy of external carotid artery for amaurosis
fugax, and the other for an upper extremity weakness. The
pathology of recurrent stenosis was available in 55 cases
(83%). RCOs were performed for neointimal hyperplasia in
18 patients at a mean of 1.3 years (range, 0.3-4.1 years)
after the primary CEAs and for recurrent atherosclerosis in
33 patients at a mean of 7.8 years (range, 0.8-24.8 years).
Four patients were found to have combined atherosclerotic
and neointimal hyperplastic changes on gross examination
of plaques at a mean of 1.9 years (range, 0.2-6.8 years). Of
those with neointimal hyperplasia, four patients (25%) had
symptoms at the time of RCO; 61% of those with recurrent
atherosclerosis were symptom-free. The neointimal hyper-
plasia was treated by redo endarterectomy and patch angio-
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Table IV. Summary of reports on management of recurrent carotid stenosis

No. pts/no.

Author Study period arteries Indications Stroke TIA Death

Ballinger** 1/84-8,/95 67/74 Sx 65% 1.4% NA 1.4%
Asx 35%

Rockman'? 1/80-12/96 74/83 Sx 41.5% 3.7% NA 0
Asx 35.3%

Archie'* 1/81-12,/99 66,/69 Sx 48% 1.4% 1.4% 0
Asx 52%

AbuRahma'® 10,/91-10,/98 124/124 Sx 78% 4.8% 4% 0
Asx 22%

O’Hara'® 1/89-12,/99 199,206 Sx 43% 3.4% NA 1.0%
Asx 57%

Hill'? 9/93-3/98 40,/40 Sx 50% 0% 0% 0
Asx 50%

Mansour?® 8/76-8,/96 69/82 Sx 66% 4.8% 1% 0
Asx 34%

Current series 1/90-12,/2000 64,/66 Sx 48% 3% 3% 0
Asx 52%

TIA, Transient ischemic attack; MI, myocardial infarction; Sx, symptomatic; Asx, asymptomatic; NA, not available; M1, myocardial infarction.

plasty in all but four patients, who underwent interposition
grafting.

There were no operative deaths and two operative
strokes (3%): one ipsilateral and one contralateral. Overall,
16 complications occurred in 13 patients (Table II). Peri-
operative TIAs were noted in two patients. Myocardial
infarction occurred in two patients (3%), requiring coro-
nary artery bypass grafting in one patient. Major cranial
nerve injuries occurred in four patients (6%), in two of
whom mandibular subluxation was employed for distal
exposure. A partial severance of the hypoglossal nerve was
recognized and repaired intraoperatively in one patient; he
did not manifest any clinical deficit postoperatively. One
patient suffered a permanent vocal fold paralysis. A tran-
sient spinal accessory nerve palsy occurred in one patient,
who required mandibular subluxation and resection of the
styloid process for access to a high, distal lesion; her symp-
toms resolved after 5 months. A recurrent laryngeal nerve
palsy occurred in another patient with mandibular sublux-
ation; she regained full mobility of her vocal folds after 8
months. Two patients had transient marginal mandibular
branch nerve palsy. Cervical wound hematoma requiring
operative drainage developed in two patients (3%). One
patient required a brachial artery thrombectomy for prob-
lems related to an arterial line. The overall perioperative
complication rate was higher when compared with those
for primary CEA (Table III), primarily because of an in-
creased incidence of cranial nerve injury and TIA.

Comparison of comorbidity analysis for RCO with the
authors’ experience for primary CEA'” failed to demon-
strate any traditional risk factor that was associated with
RCO; smoking was the only factor that showed a trend
towards statistical significance (P = .06).

Follow-up data were available on 59 patients (89%) and
ranged from 0.2 to 12.9 years, with a mean of 4.3 years.
During follow-up, 20 late deaths occurred at a median of
2.0 years (range, 0.5-8.3 years). Causes of death were

cardiac in 8 patients, malignancy in 5 patients, pulmonary
in 2 patients, stroke in 1 patient, and gangrene-induced
sepsis in 1 patient. In three patients, the cause was unde-
termined. Kaplan-Meier estimates for the probability of
overall survival were 72% at 5 years and 50% at 10 years (Fig
1). The symptom status at the time of RCO had differential
effects on survival: symptom-free patients had 5- and 10-
year survival rates of 85% and 64%, compared with 56% and
29%, respectively, for patients with symptoms (P = .008;
Fig 1, B).

Late stroke occurred in five patients (8%): four ipsilat-
eral and one contralateral. One patient developed a fatal
ipsilateral stroke 4 years after her RCO. Another patient
developed an ipsilateral stroke 6 weeks after a saphenous
vein interposition grafting and was found to have severe
stenosis of the saphenous graft. To avoid the partial man-
dibulectomy that would have been required to gain access
to the lesion, a superficial temporal-to-middle cerebral
artery bypass grafting was performed without complication.
One patient developed an ipsilateral stroke 8.2 years after
RCO in the immediate postoperative period following
coronary artery bypass grafting. The duplex scan performed
at the time of the stroke revealed a secondary recurrent 60%
to 80% ICA stenosis. Follow-up duplex imaging performed
4 years later showed regression to <50%. One contralateral
stroke occurred in a patient who underwent prophylactic
aortoinnominate bypass grafting 4 months after the RCO.
The probability of freedom from any stroke at 5 years was
92%, and 74% at 10 years (Fig 2, A). Again, symptom-free
patients at the time of RCO appeared to enjoy better
stroke-free survival than those who had symptoms (100% vs
84% at 5 years; P = .1). The probability of freedom from
ipsilateral stroke was 93% at 5 years and 75% at 10 years (Fig
2, A and B). Univariate analysis of comorbidities and
symptom status at the time of RCO revealed renal insuffi-
ciency (P = .03) and symptomatic presentation (P = .04)
to be significant predictors of postoperative stroke. How-
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Table IV. Continued
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30-day stroke Cranial nerve Freedom from
and death MI injury Mean follow-up Stroke-free survival restenosis (>80%)
2.8% NA 2.7% 48.2 mos 93.6% at 5 yrs (ipsilateral) NA
3.7% 0% 1.2% 35 mos 83.5% with veins; 93.9% with NA
prosthetics at 3 yrs
2.9% 0% 4.3% 50 mos 90% at 5 yrs (cumulative) 88.2% at 5 yrs (>50%)
86% at 10 yrs
4.8% 0 17% 49 mos 82% at 5 yrs (cumulative) 95% at 5 yrs (>50%)
5.3% 1.0% 1.0% 47 mos 92% at 5 yrs 89% at 5 yrs
0% 2.5% 10% 14 mos NA NA
4.8% 2% 7.3% NA 92.3% at 5 yrs 92.3% at 5 yrs
3% 5% 6% 52 mos 93% at 5 yrs (ipsilateral) 96% at 5 yrs

ever, on multivariate analysis, none of these proved to be of
significance.

Postoperative duplex imaging was available in 97% of
cases, of which 53% had carotid imaging beyond 18 post-
operative months (range, 1 month— to 12.1 years). Of 31
cases with carotid duplex imaging follow-up in <18
months, 16 patients died. Greater than 50% secondary
restenosis was detected in five patients (8%) at a mean of 27
months (range, 4-61 months). Of these, three patients
developed >80% secondary restenosis at a mean time of 33
months, including one patient who had an asymptomatic
internal carotid artery occlusion 4 months after RCO. No
patient had symptoms develop. Kaplan-Meier estimates for
freedom from >80% secondary restenosis were 96% at 5
years and 86%, at 10 years (Fig 3, A and B). The patients’
symptom status at the time of RCO did not influence the
outcome.

DISCUSSION

This study illustrates that RCO can be performed safely
and effectively with long-term durability in the modern era.
There was no 30-day operative mortality, and the operative
stroke rate was only 3%. This is comparable to the findings
of other series (Table IV), as well as to those of the authors’
combined stroke and death rate of 3.9% for 1045 primary
CEAs performed between 1990 and 1999.%”

Half of the redo carotid operations performed in this
series were in symptom-free patients. The operative indica-
tions in this series did not differ from those reported by
others.!*1%122% With respect to risk factors, none of the
traditional risk factors emerged to affect the incidence of
RCO; smoking was the only factor that showed a trend
toward statistical significance (P = .06). Other studies have
observed that smoking was associated with RCS.?!2*

Neointimal hyperplasia accounted for the vast majority
of early (<18 months) recurrences, whereas atherosclerosis
was the cause for most late (>18 months) recurrences,

relatively evenly distributed along the time line. Consistent
with previous reports,*®® plaques with mixed atheroscle-
rotic and hyperplastic changes were also noted in both early
and late recurrent lesions in this series. It is also of interest
to note that a quarter of those with neointimal hyperplasia
had symptomatic presentation, which is higher than that
reported by Das et al.2® Although histologic examination of
plaques was not performed, these findings lend support to
the notion that early and late recurrent lesions are one and
the same, just observed at different time points along a
continuum.>”

The cumulative survival rate at 5 years after RCO was
72% and was favorably influenced by the lack of preopera-
tive symptoms. This was comparable to our 75% 5-year
survival rate following primary CEA.'” The overall ipsilat-
eral stroke-free survival was 93% at 5 years and 75% at 10
years, consistent with the findings of others (Table IV) and
with our results for primary CEA (94% at 5 years). When
stratified by symptom status, the results of RCO for symp-
tom-free patients are comparable to those for primary
CEA'7 and to those reported by the Asymptomatic Carotid
Atherosclerotic Study.® Similarly, for patients with symp-
toms, the 5- and 9-year estimates for ipsilateral stroke-free
survival were both 84%, comparable to our primary CEA
results'” and to North American Symptomatic Carotid
Endarterectomy Trial data.® Although statistical signifi-
cance was not achieved, symptom-free patients appeared to
enjoy a higher degree of ipsilateral stroke prevention than
did patients with symptoms. This series shows that RCO is
as effective as primary CEA is in stroke prevention.

An evaluation of the durability of RCO showed that the
probability of freedom from >80% secondary restenosis
was 96% at 5 years. These results are consistent with the
experience of other investigators (Table IV). The ACAS
and other prospective surveillance programs have reported
late recurrence rates ranging from 4.9%*% to 21% at 7
years.?? 3! In the current series, only one patient developed
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an ipsilateral stroke that was specifically the result of a
secondary carotid stenosis. These findings reaffirm that
RCO is a durable means of stroke prevention with compa-
rable efficacy to that of primary CEA.

An increased rate of perioperative complication was
noted in this series compared with the authors’ series of
primary CEA. Although several series have documented
that RCO can be performed with morbidity and mortality
rates similar to those of primary CEA,'®'?2° the compli-
cation rates for RCO are generally considered higher than
those for primary CEA.'®?%3233 Cranial nerve injuries
account for the majority of these complications and have
been reported in up to 48% of cases.!*1%22,25,32,34-36
These injuries result from the fibrotic tissue reaction that
obscures the normal plane of dissection.?®*? Even though
most cranial nerve injuries are transient,'>-?2-2%-32 they do
result in disability and may take a prolonged period of time,
often exceeding many months, for full recovery. In this
series, two of four patients with major cranial nerve injuries
required mandibular subluxation, including one patient
who had resection of the styloid process. Mandibular sub-
luxation was employed in 17% of cases when the recurrent
lesion, on preoperative arteriography, was found to be
extending beyond the second vertebral body. This rela-
tively high incidence of utilization of mandibular subluxa-
tion probably reflects the referral pattern to our institution.
Distal lesion requiring mandibular subluxation may be a
marker for potential cranial nerve injury. It is this group of
patients in whom CAS may prove most beneficial.

Early results for CAS in high-risk patients have im-
proved significantly since its introduction.”'*-37-*% Some
early trials comparing the efficacy of CEA with CAS were
terminated early because of the high incidence of adverse
events and poor short-term results in the endovascular
group.>*** In 2000, New et al*! reported, in a retrospec-
tive review of multicenter registry on CAS performed for
recurrent stenosis in 338 patients (358 arteries), a 3.7%
periprocedural stroke and death rate.*' More recently, the
Carotid and Vertebral Artery Transluminal Angioplasty
Study trial was completed, and its results were released in
2001.** This study showed no difference in the 30-day
combined death and stroke rates between CAS (10%) and
CEA (9.9%), whereas cranial nerve injury (9%), myocardial
infarction (1%), pulmonary embolism (1%), and respiratory
failure (1%) occurred only in the surgical arm.

Carotid stenting has been further supported by the
improved results seen with the use of a distal protection
device as in the Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy (SAPPHIRE)
trial. In this first US prospective randomized multicenter
trial comparing CAS with distal protection against CEA in
high-risk patients, 307 patients were randomized to either
CAS or CEA at 22 sites. The preliminary results presented
at the American Heart Association meeting in November of
2002 documented that the 30-day combined death and
stroke rate did not differ between the two groups: 4.5% for
CAS and 6.6% for CEA. However, when myocardial infarc-
tion was included in the calculation of major adverse out-
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come rates, the complication rate was significantly lower in
the CAS group (5.8%) than the CEA group (12.6%). Fur-
thermore, cranial nerve injury occurred only in the CEA
group (5.3%).

Carotid stenting has been criticized because of a high
recurrent stenosis rate. Although New et al*! have reported
a 96% probability of freedom from stroke at 3 years, subse-
quent studies have shown higher recurrence rates. In the
CAVATAS trial,*? severe ipsilateral RCS was present more
frequently in the endovascular group (14%) than in the
surgical group (4%) at 1-year follow-up. However, this
difference did not translate into a difference in the rates of
death or disabling stroke at 3 years (endovascular and CEA,
14.3% and 14.2%, respectively). Roubin and colleagues*?
reported an 88% probability of freedom from any stroke at
3 years in their follow-up of 604 CASs performed on 528
patients. It is noteworthy that a large proportion of the
patients in this trial were high-risk patients who would have
been ineligible for NASCET.

These early results, although limited, look promising
and success rates will likely continue to improve with ad-
vances in technology. The long-term outcome data from
prospective randomized trials will provide definitive an-
swers for both low-risk and high-risk patients. Until then,
the surgical results from modern series will serve as a
benchmark against which the efficacy and durability of
these newer modalities will be measured.

There are several limitations with this study. It has the
usual shortcoming of any retrospective study. Follow-up
was not complete in all patients—five patients were lost to
follow-up. Late neurologic events occurring outside of our
institution may have been missed. The incidence of periop-
erative neurologic adverse events might have been under-
estimated. Referral and selection bias might have affected
the outcomes.

Nonetheless, this study clearly demonstrates that RCO
can be performed with acceptable stroke and death rates
and that it is an effective means of stroke prevention in
patients with RCS. That the perioperative complications
rates for RCO are higher than those for primary CEA
should not detract from its long-term benefits. Redo ca-
rotid operation is a durable procedure with excellent long-
term patency. Careful patient selection, preoperative plan-
ning, and meticulous operative technique, including use of
bipolar cautery and nerve stimulator, should be emphasized
to minimize cardiac neurologic and other complications.
Extra caution should be taken to avoid cranial nerve injury
when mandibular subluxation is required for distal expo-
sure. Until long-term results of CAS are available, redo
carotid operation should remain the standard of treatment
for recurrent carotid stenosis.
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Early Outcome of Carotid Angioplasty and Stenting With
and Without Cerebral Protection Devices
A Systematic Review of the Literature

Andreas Kastrup, MD; Klaus Groschel, MD; Hilmar Krapf, MD; Bernhard R. Brehm, MD;
Johannes Dichgans, MD; Jorg B. Schulz, MD

Background—Carotid angioplasty and stenting (CAS) is increasingly being used for treatment of symptomatic and
asymptomatic carotid artery disease (CAD). To evaluate the efficacy of cerebral protection devices in preventing
thromboembolic complications during CAS, we conducted a systematic review of studies reporting on the incidence of
minor stroke, major stroke, or death within 30 days after CAS.

Summary of Review—We searched for studies published between January 1990 and June 2002 by means of a PubMed
search and a cumulative review of reference lists of all relevant publications. In 2357 patients a total of 2537 CAS
procedures had been performed without protection devices, and in 839 patients 896 CAS procedures had been performed
with protection devices. Both groups were similar with respect to age, sex distribution, cerebrovascular risk factors, and
indications for CAS. In many studies the periprocedural complication rates had not been presented separately for
patients with symptomatic and asymptomatic CAD. The combined stroke and death rate within 30 days in both
symptomatic and asymptomatic patients was 1.8% in patients treated with cerebral protection devices compared with
5.5% in patients treated without cerebral protection devices (x*=19.7, P<0.001). This effect was mainly due to a
decrease in the occurrence of minor strokes (3.7% without cerebral protection versus 0.5% with cerebral protection;
X°=22.4, P<0.001) and major strokes (1.1% without cerebral protection versus 0.3% with cerebral protection; x*=4.3,
P<0.05), whereas death rates were almost identical (~0.8%; x*=0.3, P=0.6).

Conclusions—On the basis of this early analysis of single-center studies, the use of cerebral protection devices appears to
reduce thromboembolic complications during CAS. These technical aspects should be taken into account before the
initiation of further randomized trials comparing CAS with carotid endarterectomy. (Stroke. 2003;34:813-819.)

Key Words: angioplasty m carotid arteries m protective devices m stenosis m stents

arotid endarterectomy (CEA) is one of the most com-
monly performed peripheral vascular procedures and is
currently considered the most effective treatment for stroke
prevention in patients with high-grade symptomatic or
asymptomatic carotid artery disease (CAD).:-3
However, in the past few years, evidence has accumulated
that carotid angioplasty and stenting (CAS) might become an
aternative to CEA for the treatment of these disorders.
Despite an increasing enthusiasm for the application of CAS
in CAD, only a single completed, prospective, multicenter
trial comparing endovascular versus surgical treatment for
CAD has been reported to date: the Carotid and Vertebral
Transluminal Angioplasty Study (CAVATAS).# This study
reported a similar major risk and effectiveness for CAS
compared with CEA.# In contrast, a recent systematic com-
parison of the 30-day outcome of CAS and CEA for symp-
tomatic CAD in single-center studies performed during

1990-1999 revealed a significantly higher risk of stroke or
death for CAS than for CEA.5 Both this survey and CAVA-
TAS elucidate the great challenges associated with the
performance of trials comparing CEA with CAS. Thefield of
endovascular therapy is subject to rapid technological ad-
vances. Therefore, the current state of the art may be outdated
before completion of randomized trias. In CAVATAS, for
instance, most of the CAS patients were treated with angio-
plasty alone, and only 55 of atotal of 240 patients underwent
carotid angioplasty in combination with stenting. No proce-
dure was performed with cerebral protection devices. Simi-
larly, the survey of Golledge et al® included many case series
in which angioplasty had been performed without stenting
and only 2 case series, with a total of 82 patients, in which
cerebral protection devices had been used.

Fear of distal embolization of plague fragmentsto the brain
has generated great concern regarding the safety of CAS.¢
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Recent technical refinements therefore have led to the wide-
spread use of CAS with cerebral protection devices. With
accumulating experience and technical improvements aiming
to reduce procedure-related embolic complications, it islikely
that the results of the early CAS studies might not reflect
current complication rates. Additionaly, insurance compa-
nies and governments are increasingly demanding cost-
effective healthcare. This raises the question of whether the
widespread introduction of costly cerebral protection devices
really improves the quality of care.

Therefore, the goal of this study was to search systemati-
caly for reports on CAS with and without cerebral protection
devices to critically appraise the data and to determine the
occurrence of minor and major strokes and death within 30
days according to the criteria set forth by the large CEA
trials.-3

Materials and Methods
Search Strategy

An extensive search of the literature from January 1990 to June 2002
was performed with PubMed with the advanced search option. We
used the key words carotid artery, stenosis, angioplasty, stent, and
protection in different permutations. We examined the reference lists
of al included articlesfor other relevant references. Additionally, we
performed a hand search of relevant general medical, neurological,
radiological, surgical, and neurosurgical journals. Contact with other
authors of the field was made to identify additional studies. The
abstract of each article was carefully studied, and if there was any
suggestion of relevant data, the full text was retrieved. All studies
were independently assessed by 2 reviewers (A.K. and K.G.) and
then cross-checked; disagreements were resolved by consensus.

Eligibility Studies

Studies were included if the following criteria were fulfilled: (1) the
study comprised a total of at least 10 stent procedures; (2) the
number of peri-interventional complications rates (ie, minor stroke,
major stroke, or death) within 30 days was reported for patients with
high-grade symptomatic or asymptomatic CAD; and (3) the number
of peri-interventional complications rates (ie, minor stroke, major
stroke, or death) within 30 days was reported separately for stent
procedures with and without cerebral protection devices. Articles
were excluded if only angioplasty without stent placement had been
performed. Further exclusion criteria were editorials, letters, and
reviews. In case of multiple publications on the same study popula-
tion, we used the most recent publication. All articles that did not
clearly meet our inclusion criteria were excluded at this stage. Six
articles™12 were excluded because the case series included <10
patients.

Data Extraction and Analysis

For each study the following data were extracted: (1) general: year of
publication, number of patients, institutions; (2) patient characteris-
tics: sex, age, risk factors such as hypertension, hyperlipidemia,
diabetes mellitus, smoking, hypertension, coronary artery disease;
(3) initial diagnosis of high-grade CAD: carotid duplex ultrasound,
cerebral invasive/noninvasive angiography; (4) indications for an-
gioplasty and stent: asymptomatic, transient hemispheric ischemic
attack, amaurosis fugax, minor stroke, and major stroke; (5) stent
procedure: procedural technique, types of stents, types of cerebra
protection devices; (6) number of patients and number of arteries
treated; (7) periprocedural complications within 30 days. minor
stroke, major stroke, and death.

In most studies peri-interventional complication rates within 30
days had been defined according to the criteria set forth by the large
CEA tridls2 A minor stroke was defined as a persisting new
neurological deficit that increased the National Institutes of Health

Stroke Scale score by <3 points and a major stroke as a persisting
new neurological deficit that increased the National Institutes of
Health Stroke Scale score by >3 points.

For statistical analysis, x* tests were used, and a value of P<<0.05
was considered statistically significant.

Results

Our literature search resulted in 40 studies of CAS without
cerebral protection?3-52 and 14 studies of CAS with cerebral
protectiont7:3053-64 that met the inclusion criteria. Of these,
severa articles were excluded because they reported on
patients aready used in other publications from the same
institutions; Theron et al®> was excluded in favor of Guima-
raens et als8; several studies of the group of Roubin et al36-42
were excluded in favor of Roubin et al32; Jordan et a4 and
Jordan et a4 were excluded in favor of Jordan et a2z
Chakhtoura et al“> was excluded in favor of Hobson et al2o;
Henry et al% was excluded in favor of Henry et a>°; Jaeger
et al“¢ was excluded in favor of Jaeger et a2; Macdonald et
a®l was excluded in favor of Al-Mubarak et a5 and
Angelini et al>¢ was excluded in favor of Reimers et al.62

One recent study4® evaluating the efficacy of abciximab in
patients undergoing CAS was aso excluded. Another small
case series of 22 patients™ had included patients with carotid
dissections after gunshot wounds and was therefore also
excluded. One small case series with 33 patients published in
the South African Medical Journal was not accessible in any
library in Germany.5*

The main characteristics of the remaining studies are
summarized in Tables 1 and 2. The number of patientsin the
studies of stenting with cerebral protection devices totaled
839, and the number of patients in the studies without
cerebral protection totaled 2357. Because most cerebra
protection devices are currently being tested, 21 patients (ie,
0.8% of all patients without protection) had been stented with
protection in 4 studies mainly reporting on the results of CAS
without protection?5202948(Table 1). Although the peri-
interventional complications rates were not reported sepa-
rately for stent procedures with and without cerebral protec-
tion devices in these studies, they were still considered for
this analysis.

In both groups there was a similar age and sex distribution
(693 years in the group without cerebral protection versus
682 years in the group with cerebral protection [P=NS];
69% male, 31% female in the group without cerebral protec-
tion versus 73% male, 27% female in the group with cerebral
protection [P=NS]). Additionally, the number of asymptom-
atic or symptomatic patients presenting with amaurosis fugax,
hemispheric transient ischemic attacks, or minor stroke be-
fore stenting was comparable in the groups with and without
cerebral protection (64% symptomatic patients and 36%
asymptomatic patients in the group with protection versus
59% symptomatic patients and 41% asymptomatic patientsin
the group without protection [P=NS]).

In both groups arterial hypertension and hyperlipidemia
were the most frequent vascular risk factors, followed by
cigarette smoking and diabetes mellitus (Table 3).

In al studies the majority of patients had been treated for
atherosclerotic CAD, and in some case series a few patients
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TABLE 1. Carotid Angioplasty and Stent Without Cerebral Protection: Study Characteristics and 30-Day Outcomes

Author Year  No. of Patients ~ Male/Female ~ Mean Age, y  Symp/Asymp  No. of Treated Arteries ~ Minor Stroke ~ Major Stroke ~ Death
AbuRahma'* 2001 23 1112 71 18/7 25 1 2 1
Bonaldi'®™* 2002 68 41/27 68 68/0 71 3 1

Brooks*’ 2001 53 NG 66 53/0 53

Cremonesi® 2000 119 93/26 70 29/90 119 3 ..

Criado'® 2002 132 86/46 68 53/79 135 2 1

Dangas'® 2000 133 93/40 71 NG 140 8 1 1
D’Audiffret’” 2001 42 NG 68 NG 42 1 ...

Diethrich® 1996 110 79/31 72 31/79 129 10 2 1
Gupta'® 2000 100 76/24 76 85/15 100 e 1

Hobson** 2002 54 28/26 69 19/35 54 1 e

Jaeger?' 2002 67 47/20 67 NG 70 e 1 ..
Jordan? 1998 268 184/84 69 72/196 312 20 4 3
Kastrup® 2003 100 75/25 70 63/37 100 2 2 1
Kaul?® 2000 14 12/2 61 14/0 15

Kirsch?* 2001 53 38/15 71 36/17 57 3 1

Lanzino® 1999 18 12/6 69 9/9 18

Malek? 2000 28 18/10 71 18/0 18 e 1

Mericle? 1999 21 13/8 64 12/9 21 ... ... ..
Paniagua 2001 62 NG 67 52/10 69 2 2 1
Pappada®®** 2001 27 NG NG 25/2 27

Parodi® 2000 21 201 70 6/15 21 1 ... ...
Qureshi® 2002 71 43/28 71 27/46 73 . 1 1
Roubin®2 2001 528 356/172 69 241/287 604 29 6 8
Shawl*® 2000 170 100/70 73 104/66 192 4 1

Vozzi* 1997 22 16/6 68 12/10 19 1 1 ..
Waigand®® 1998 53 42/8 NG 14/36 53 1 e 1
Total 2357 2537 94 28 18

*10 patients stented with cerebral protection devices.
**2 patients treated with cerebral protection devices.
***3 patients treated with protection devices.

had been treated for radiation-induced or inflammatory ca-
rotid artery stenoses.

In both groups the most commonly used stents were
self-expandable Easy Wallstents (Boston Scientific—Schnei-
der Corp), SMART stents (Cordis), and Palmaz biliary stents

(Johnson and Johnson Interventional Systems Co). In most
recent studies the periprocedural protocol was similar, and the
patients had received either ticlopidine (250 mg twice daily)
or clopidogrel (75 mg daily) aswell as aspirin (100 mg daily)
for at least 48 hours before the procedure and for at least 2

TABLE 2. Carotid Angioplasty and Stent With Cerebral Protection: Study Characteristics and 30-Day Outcomes

Author Year  No. of Patients ~ Male/Female  Mean Age,y  Symp/Asymp  No. of Treated Arteries ~ Minor Stroke ~ Major Stroke  Death
Adami®® 2002 30 22/8 72 15/15 30 .. e ...
Al-Mubarak® 2002 162 128/34 68 77/85 164 2 . 2
D’Audiffret'” 2001 15 NG NG NG 15 ... .. ..
Dietz® 2001 43 30/13 67 43/0 43 e e 1
Guimaraens®® 2002 164 128/36 63 146/18 194 2 ... 3
Henry®® 1999 167 129/38 70 74/93 184 e 2 1
Jaegers® 2001 20 12/8 67 13/7 20

Parodi® 2000 25 15/10 69 12/13 25 .

Reimers®? 2001 84 63/21 69 30/54 88 1 e 1
Tiibler® 2001 54 46/8 69 NG 58 e 1

Whitlow®* 2002 75 54/21 67 75/0 75 e e ..
Total 839 896 5 3 8
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TABLE 3. Risk Factor Distribution Separated by Groups
According to the Use of Cerebral Protection Devices

CAS Without CAS With
Risk Factors Protection Protection P
Hypertension 79% 73% NS
Hyperlipidemia 57% 66% NS
Tobacco use 53% 43% NS
Diabetes 32% 34% NS
Coronary artery disease 51% 43% NS
Previous CEA 16% 10% NS
Contralateral ICA/CCA occlusion 9% % NS

CAS indicates carotid angioplasty and stenting; ICA, internal carotid artery;
CCA, common carotid artery.

weeks after the procedure. Notably, in the early study of
Diethrich et al,!8 the patients had only received aspirin.

Although higher complication rates of CEA or CAS
procedures in symptomatic patients have been reported in the
past,” the periprocedural and 30-day complication rates were
not presented separately for patients with symptomatic or
asymptomatic CAD in most studies.

Table 4 summarizes the overall complications within 30
days in patients treated with and without cerebral protection
in patients with symptomatic and asymptomatic CAD. The
combined stroke and death rate within 30 days was 1.8% in
patients treated with cerebral protection devices compared
with 5.5% in patients treated without cerebral protection
devices (x*=19.7, P<0.001). This effect was mainly dueto a
decrease in the occurrence of minor strokes (3.7% without
cerebral protection versus 0.5% with cerebral protection;
X°=22.4, P<0.001) and major strokes (1.1% without cerebral
protection versus 0.3% with cerebral protection; x°=4.3,
P<0.05), whereas the death rate was nearly identical
(=0.8%; x*=0.3, P=0.6).

When these numbers were used to calculate odds ratios,
there was a 3-fold increased risk of any stroke or death and a
>6-fold increase of minor stroke within 30 days of CAS
without protection compared with protection.

When we analyzed those studies without protection that
differentiated between symptomatic and asymptomatic CAD,
the combined stroke and death rate within 30 days was
significantly higher in symptomatic than in asymptomatic
patients (6.4% versus 1%; P<0.01).

In both groups there was no clear relationship between the
year of publication and the reported complications. However,

TABLE 4. Comparison of Overall Minor, Major Stroke or Death
Within 30 days of Carotid Angioplasty and Stenting With and
Without Cerebral Protection

Events per Procedure

Without Cerebral With Cerebral

Protection Protection
Minor stroke 94/2537 5/896
Major stroke 28/2537 3/896
Death 18/2537 8/896
Any stroke or death 140/2537 16/896

the high combined stroke and death rate of 12% in the study
of Diethrich et a8 is likely due to the sole use of aspirin
before and after stenting. Nonetheless, even after this study
was excluded from the anaysis, the combined stroke and
death rate within 30 days was still significantly lower in those
patients treated with cerebral protection devices than in those
patients treated without protection (1.8% versus 5.2%;
P<0.01).

Discussion

Since 1990 many single-center studies on CAS have been
published, reflecting the increased enthusiasm for the appli-
cation of CAS in the treatment of CAD. However, before
widespread application of these new techniques, they must be
evaluated critically by properly performed prospective, ran-
domized trials. While only 1 prospective multicenter tria
comparing endovascular versus surgical treatment for CAD
has been reported to date# 3 state-of-the-art large-scale
clinical trials have clearly established the value of CEA to
reduce the risk of stroke in patients with symptomatic or
asymptomatic high-grade CAD.1-3

To validate CAS as an dternative treatment strategy, case
series and uncontrolled trials are generally considered to be of
low scientific value. Nevertheless, the collective information
from these observational studies is useful for informing
patients and as a source of decision making in everyday
clinical practice until the results of further multicenter trials
are available. Additionally, the collective information from
observational studies is pivotal in planning further random-
ized trias.

On the basis of atotal of 2537 stented arteries, the overall
stroke and death rate within 30 days of 5.5% in patients
treated with CAS without cerebral protection is similar to the
results of an unmonitored worldwide survey of 5210 CAS
procedures (30-day procedure-related mortality rate of
0.86%, major stroke rate of 1.49%, and minor stroke rate of
2.7%).%8 This figure is also comparable to the results of the
large CEA trids, in which the overall stroke and death rates
within 30 days were 5.8%,* 7.5% for symptomatic patients,3
and 2.3% for asymptomatic patients.2 With the use of the data
of those CAS studies that differentiated between symptomatic
and asymptomatic CAD, the combined stroke and death rate
within 30 days was 6.4% in symptomatic and 1% in asymp-
tomatic patients. The combined stroke and death rate within
30 days of 6.4% in symptomatic patients is in the range of
7.8% found in arecent survey of the literature, in which most
symptomatic patients had been treated with angioplasty
aones Although a comparison between these 2 reviews
should be made with caution because of the wide heteroge-
neity in patients and study designs, the similar complication
rates indicate that the additional stent deployment does not
increase clinically relevant thromboembolic complications.
While this might appear self-evident, the insertion of a stent
is associated with an increased occurrence of microembolic
signal as detected by transcranial Doppler,>* which could lead
to more thromboembolic complications.

The increasing enthusiasm for nonsurgical endovascular
procedures and the favorable comparison of the early out-
come of CAS without protection with CEA in this analysis
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should not hide the fact that on average almost 6% of al
patients had experienced a minor or major stroke or died
within 30 days of the CAS procedure. In an attempt to reduce
periprocedural complication rates during CAS, cerebral pro-
tection devices were developed in the past few years. These
are based either on atemporary distal balloon occlusion with
subsequent aspiration of embolic particles, such as the Per-
cuSurge system, or on intravascular filter devices such as the
NeuroShield system (MedNova Ltd). From atheoretical point
of view, the maintenance of antegrade blood flow might be an
advantage of intravascular filter devices, whereas balloon
protection systems have a favorable low-crossing profile.

The findings of our review suggest that the use of cerebral
protection devices during CAS in general can significantly
reduce thromboembolic complication rates, namely, the oc-
currence of minor and major strokes. Accordingly, a recent
study has demonstrated a significant reduction of the fre-
quency of microembolic signals during protected versus
unprotected CAS.5* While the type of cerebral protection
devices that offer the best results needs to be established in
randomized trias, there was no significant difference in the
overall stroke and death rate within 30 daysin patients treated
with balloon or intravascular filter protection devices. The
missing difference in fatal outcomes within 30 days in
comparison to CAS procedures without cerebral protection is
likely attributable to theinclusion of all cardiac deathsin both
groups.

Despite these encouraging preliminary results, there are
severa points of concern, some of which are also applicable
to the CA S data without protection. In general, our systematic
review of the literature is clearly limited by the retrospective
analysis of the reported case series and small studies, some of
which showed severe methodological weaknesses. There was
a wide heterogeneity in the study designs, material, and
patient populations. Furthermore, differential complication
rates for CEA in symptomatic and asymptomatic patients are
well known.5” However, only a minority of CAS studies
presented the early complication rates separately for patients
with symptomatic or asymptomatic CAD. Asin any field of
medical sciences, publication biases likely exist toward se-
lective submission and acceptance of studies with good
results over studies with poor results. Finaly, this review
concerned a newly developed treatment. Increasing expertise
within single institutions might influence the complication
rates. While the data were not sufficient to analyze the effect
of learning on current complication rates, Roubin et al3?
demonstrated a significant reduction of the overall 30-day
minor stroke rate during CAS without protection with in-
creasing experience in the largest single-center study reported
to date. This possible effect on outcome must be taken into
account when the favorable results of CAS procedures with
cerebral protection are interpreted, particularly when one
considers that these new therapeutic devices were tested
primarily in very experienced centers.

To validate the effectiveness of CAS as an dternative to
CEA, neither the results of CAS without protection nor the
favorable results of CAS with protection of this systematic
review can replace properly performed randomized trials. On
the other hand, our results suggest that the use of cerebral
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protection devices can significantly reduce thromboembolic
complications during CAS. Therefore, future randomized
trials comparing CEA with CAS will have to take into
account the rapid technological improvements in the field of
endovascular therapy.

Irrespective of the results of large trials, it should be
stressed that the usefulness of any revascularization proce-
dure for stroke prevention is principally dependent on a low
complication rate within each ingtitution. To achieve a
beneficial effect of CEA versus medica therapy alone, the
combined mortality and morbidity rate should be <3% for
asymptomatic patients and <6% to 7% for symptomatic
patients.®® Although the heterogeneity of patient populations
and different risk profiles might hamper the comparability of
data across various institutions, the combined stroke and
death rate was >8% in 3 CAS series without cerebra
protection, indicating that CAS might not have been an
efficient therapy in some ingtitutions.141822 The large vari-
ability of the early complication rates, ranging from 0% to
17%, (or at least those that are reported and published)
stresses the need for ongoing evaluations of all complication
rates during CAS within single institutions.52 Since the low
complications rates of large multicenter CEA trials cannot be
generalized to everyday clinical practice without reserva-
tion,7071 this call for continuing evaluations should aso
include al surgical procedures within single institutions.
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Purpose: To report the results of carotid artery stenting (CAS) in patients considered to
have high-risk anatomical characteristics for carotid endarterectomy.
Methods: CAS was performed in 39 carotid arteries of 37 consecutive patients (26 men;
mean age 72 + 8 years, range 56-88) who met the criteria for high-risk surgical anatomy:
previous ipsilateral carotid endarterectomy (20/39, 51.3%), common carotid bifurcation
above the mandibular angle (5/39, 12.8%), contralateral carotid artery occlusion (16/39,
38.5%), or previous radiation therapy to the neck (1/39, 2.6%). Palmaz, Integra, or Wall-
stents were deployed via a percutaneous femoral artery access. Independent neurological
evaluation was performed at specified time points, and a dedicated committee adjudicated
all clinical events.
Results: Procedural success was 100%, with no major in-hospital complications. Neuro-
logical events were rare. Only 1 (2.6%) transient ischemic attack occurred prior to dis-
charge; at 30 days, 1 (2.6%) additional minor stroke had been observed, giving a 2.6%
cumulative 30-day “death plus any stroke” rate. Over a mean 11 * 6-month follow-up, 2
(5.4%) patients died of nonneurological causes, but there were no strokes.
Conclusions: CAS is a viable endovascular revascularization technique that can be per-
formed safely and effectively in patients with high-risk anatomy for carotid endarterecto-
my.
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Carotid endarterectomy (CE) is considered to
be of high risk in several patient subsets that
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have been largely excluded from the CE ran-
domized trials.’2 One group consists of pa-
tients with recurrent disease after CE. Surgical
repair of restenotic lesions has a 3% periop-
erative mortality and a perioperative stroke
rate up to 12%.4% Neck irradiation is another
factor that appears to increase operative risk
(7% perioperative stroke rate),® as is the pres-
ence of an occluded contralateral carotid ar-
tery. Subset analysis of the NASCET (North
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American Symptomatic Carotid Endarterec-
tormy Trial) trial indicated that patients with
contralateral carotid occlusion had signifi-
cantly greater risk for CE complications
{14.3%) compared to patients with a patent
contralateral carotid artery (5.1%).%7 Last, a
commaon carotid bifurcation above the level of
the second cervical vertebral body hinders
surgical access to the internal carotid artery
(ICA) distal to the lesion,?

The term “high-risk surgical anatomy" does
not imply that CE is "absolutely contraindi-
cated” in these patients. In fact, several recent
registries have reported low complications af-
ter CE in some of these patient subsets. 313 0On
the other hand, these results, from experi-
enced high-volume centers, likely do nat re-
flect the average surgical risk for lesions with
any of the above characteristics.® " Nonetha-
less, they underline the effort to optimize the
surgical results in these selecled patients with
high-risk surgical anatomy.

Carotid artery stenting (CAS} is an investi-
gational revascularization technigue that we
have studied in patients meeting any of tha
above 4 criteria for high-risk surgical anato-
my.

METHODS

Thirty-seven patients {26 men; mean age 72
* 8 years, range 56-88) with high-risk anato-
my for CE underwant CAS in 39 carotid arter-
ies between October 1995 and August 1998,
Mo patient was excluded from CAS because
of clinical comorbidity, and most patients
were referred for the minimally invasive al-
ternative after a vascular surgeon refused CE,
The prevalences of the high-risk criteria were:;
20 (51.3%) of the 39 arteries had undergone
CE, b (12.8%) lesions were above the mandib-
ular angle, 15 {38.5%) target arteries were as-
sociated with a contralateral ocelusion, and 1
{2.6%) artery was in a patient who had un-
dergone radiation therapy to the neck. Pa-
tients were considered symptomatic at the
time of CAS if they had had an ipsilateral neu-
rological event within the previous 4 months.
Lesion severity criteria matched the NASCET
recommendations of =60% stenosis in
asymptomatic patients and =70% for symp-
lomatic lesions, ™=

J ENDOYASC THER
2007;8:39-43

TABLE
Baseling Characteristics of 37 Patignts
Undergoing 39 CAS Procedures

Clinical characteristics

Age, v (mean * 50} 72 1+ B

Male sax 26 ([70.3%)
Myocardial infarction 1B {[d8.6%]
Coronary artéry bypass surgery 20 {54 1%)
habetes 3 R1.6%]
Hypeartension 32 {B6.5%,)
Chronic ranal insufficiency 9 (P4.3%]
Paripheral vascular disease 2T F3.0%)

Meurological characteristics

Transient ischemic altack 18 (WB.6%)
Minor stroke 15 (#0.5%)
Major stroke 4 {[10.8%)
Contralateral carofid ccclusion 15 (P85}
Contralateral carotid stenasis 18 (M6 2%}
Previous carotid endarteractiomy 25 {B3,0%:)"
Ipsilateral 20 (p4.1%]"
Bilataral 12 1B0.B%)*
& .

* Hates are per arery

Severe cardiovascular and medical comor-
bidity characterized this population (Table 1),
Half the patients {57.4%) had histories of ip-
silateral stroke and transient ischemip attacks
(TIA, 48.6% ). However, only 9 (24.3%]) patients
had the event within 4 months of hogpital ad
mission and were thus considered symptom-
atic,

The lesion was located in the intefnal and
common carotid in 2 15.4%) patients and in
the left ICA in 24 |64.9%); the remajning le-
sions were located in the right ICA| Twenty
(51.3%) lesions had angicgraphically docu-
mented calcification, and at least a moderate
degree was observed in 11 (28.2%)| Ulcera-
tion was seen in 16 (41.0%) and likely throm-
bus in 3 (7.7%). Tortuosity at the les|on level
was 34" + 28° {range 0-100%) and 31" = 19°
irange 10-70" at the bulb level.

An interdisciplinary team of interdentional
cardiologists, neuroradiolegists, and| neurol
ogists was involved in patient care, agcording
to a protocol approved by the hospital's Insti-
tutional Review Board. Meurological| evalua-
tion was scheduled at specified intervals: pre-
treatment and before discharge; at 1, 6, and
12 months; and yearly thereafter. Thecerebral
circulation was routinely investigate{l angio-
graphically before and after CAS; computed
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TABLE 2

Angiographic Results in 39 Carotid Arteries
Variable*
Lesion length, mm 21.3 * 91
Number of lesions >20 mm 20 (51.3%)
Carotid bulb diameter, mm 8.0 + 20
Distal reference diameter, mm 45 + 1.0
Prestent minimal lumen diameter, mm 1.4+10
Final minimal lumen diameter, mm 44+ 10
Prestent percent diameter stenosis 74+ 5
Final percent diameter stenosis 1.0 = 0.1

g *
* All values mean * SD unless otherwise indicated.

tomography or magnetic resonance imaging
of the brain and carotid duplex scanning were
recommended pre- and posttreatment.

Percutaneous CAS was performed via a 9-F
femoral arterial sheath. Temporary pacemak-
er insertion and pretreatment with atropine
were routine. Heparin was administered as a
single 5000-unit bolus after sheath insertion.
Predilation with a 4.0-mm noncompliant bal-
loon was followed by implantation of any of
3 stent models: Palmaz (Cordis Endovascular,
Warren, NJ, USA), Wallstent (Boston Scientif-
ic, Natick, MA, USA), or Integra (Boston Sci-
entific). Stent selection was based on avail-
ability, operator preference, and the acquired
knowledge on hemodynamic complications
after CAS (currently, self-expanding stents are
used routinely’5). Stents were dilated after de-
ployment with a balloon matched to the size
of the distal ICA reference diameter. Ticlopi-
dine therapy was typically initiated within 24
hours prior to the procedure, using an initial
500-mg dose; the antiplatelet agent was con-
tinued for 4 weeks (250 mg bid) in combina-
tion with aspirin (325 mg daily).
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An independent core angiographic labora-
tory performed qualitative analysis, using
standard methods and quantitative analysis
with digital calipers; reference vessel and le-
sion site measurements were made using
NASCET methodology.® Angiographic suc-
cess was defined as a final diameter stenosis
<30%; procedural success was angiographic
success and the absence of major procedural
complications.

Clinical follow-up was obtained through
contacts with patients and referring physi-
cians by a Data Coordinating Center. All
events were source documented and adjudi-
cated by a dedicated committee. Major com-
plications included death, myocardial infarc-
tion, urgent CE, or major permanent stroke.
TIA was a cerebrovascular event that resolved
completely within 24 hours. A minor stroke
was a new neurological deficit that increased
the National Institutes of Health (NIH) Stroke
Scale score by =<4.% A major stroke was a
new neurological deficit that increased the
NIH Stroke Scale by >4. Cerebral infarctions
were categorized as major and minor stroke.
Embolization in the distribution of the oph-
thalmic artery was considered a neurological
event and was incorporated in the above cri-
teria.®

RESULTS

Angiographic (Table 2) and procedural suc-
cess was achieved in 100% of patients. The
length of hospital stay was 2.2 + 2.4 days,
including 0.2 * 0.8 days in the intensive care
unit. There were no major in-hospital compli-
cations (Table 3), and all patients had patent
carotid arteries at the predischarge duplex ul-

* L
TABLE 3
Clinical Events Associated With Carotid Stenting of 39 Lesions in 37 Patients
In-Hospital 30-Day Follow-up?*
Death
Transient ischemic attack
Minor stroke 1/39  .6%)
Major stroke
Q-wave myocardial infarction
Carotid endarterectomy 0
L 2 *

* Mean 11 + 6 months.
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trasound study. There was only 1 (2.7%) in-
hospital neurological event (TIA). Four
{10.8%) patients developed prolonged (=1
hour) transient (=24 hours} postprocedural
hypotension, which was treated with isotonic
fluid administration. Threa (B.1%) patients ex-
perienced postprocedural bradycardia, which
was treated with atropine. All hypotensive
and bradycardic episodes were clinically at-
tributed to wagal stimulation, without evi-
dence of hemorrhagic volume depletion (neg
ative abdominal CT scans for retroperitoneal
bleeding). There was only 1 (2.7%) vascular
complication necessitating surgery for a femn-
oral artery pseudoaneurysm at the access site,
All patients completed 6-maonth follow-up
(mean 11 + 6 months), and 68% were exam-
ingd at 1 year. Two (5.4%) patients died at 3
and 13 months from a cardiac event. The only
neurclogical event (2.6%) was a minor ipsilat-
eral stroke that occurred within 30 days of dis-
charge in a patient who already had a long-
standing ipsilateral neurological deficit. Thus,
the 30-day cumulative rates ware: 5.1%
"death plus any neurological event” (n = 2J,
2.6% "death plus any stroke"” (n = 2}, and 0%
“death plus any major/disabling stroke.”

DISCUSSION

According to published reports,’” 22 CAS ap.
pears to be safe, feasible, and efficacious,
even in patients with postsurgical restenosis
and contralateral carotid occlusion®” More-
over, CAS appears to have low incidences of
periprocedural complications and 6-month
angiographic restenosis and target vessel re-
vascularization (=5%).77-" However, these
studies focused mainly on the high comaorbid
profile of the treated patients. A careful eval-
uation of both vascularization methods in cer-
tain lesion subsets may amplify the merits
and minimize the drawbacks of each tech-
rgue,

We investigated the results of CAS in a pa-
tient group with high-risk anatomy for CE,
which incorporated patient groups that have
typically been excluded from CE trials be-
cause of the potential for increased compli-
cations, regardiess of medical comaorbidity. *-#
This cohort represented 28% of our CAS cas-
es during the study period.’®

J ENDONVRST THER
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In our patient series, all the arteries were
successfully stented, with few neutological
sequelae. At the well-accepted safety window
of 30 days,® no deaths or disabling| strokes
had been observed, and only isolaled inci
dences of TIA and minor stroke were seen
(2.6% overall "all cause death plus any
stroke" rate}). Thus, the endovascilar ap-
proach appears to be specifically helpful in
the treatment of carotid stenosas with ana-
tomical features predisposing to a higher sur-
agical risk. Although randomized trialg will be
needed to determine the superior cafotid re
vascularization method in routine cases, we
believe that results from CAS series [such as
this one will strengthen the ultimatg impact
of the results of the major randomizeéd stud-
ies,

This study was an analysis of congecutive
patients; there were no surgical or |medical
contral groups. In addition, the samjple size
was relatively small and the follow-up time
limited. Thus, no firm conclusions comparing
CE with CAS can be drawn solely from thesea
data. Our main purpose was to obsigrve the
procedure-related complication ratgs after
CAS, particularly the 30-day outcome, which
is considered to be the maost important safety
parameter for the evaluation of carotigd revas-
cularization procedures?® In this regard, CAS
appears to have a low complication rale in pa-
tients with high-risk anatomical chalacteris-
tics for CE. These specific anatomical features
may indicale a differential efficacy angd safety
profile for CE and CAS.
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Cerebral Protection During Carotid Artery Stenting
Collection and Histopathologic Analysis of Embolized Debris

Annalisa Angelini, MD; Bernhard Reimers, MD; Mila Della Barbera, BSc; Salvatore Sacca, MD;
Giampaolo Pasquetto, MD; Carlo Cernetti, MD; Marialuisa Valente, MD;
Pietro Pascotto, MD; Gaetano Thiene, MD, FESC

‘ackground and Purpose—Histopathologic analysis was performed to better understand quantity, particle size, and
composition of embolized debris collected in protection filters during carotid artery stent implantation.

fethods—Elective carotid stent implantation with the use of a distal filter protection was attempted in 38 consecutive
lesions (36 patients) of the internal carotid artery presenting >70% diameter stenosis (mean, 82.1+11.1%). Mean age
of the patients was 70.7£7.7 years; 75% were men, and 50% of patients had previous neurological symptoms.

lesults—In 37 lesions (97.4%) it was possible to position the filter device, and in all lesions a stent was successfully
implanted. The only complication occurring in the hospital and during the 30-day follow-up was 1 death due to acute
myocardial infarction. Neurological sequelae did not occur. Histomorphometric analysis was performed on the filters.
Presence of debris was detected in 83.7% of filters. The mean surface area of the polyurethane membrane filter covered
with material was 53.2+19.8%. Particle size ranged from 1.08 to 5043.5 wm (mean, 289.5+512 um) in the major axis
and 0.7 to 1175.3 yum (mean, 119.7£186.7 um) in the minor axis. Collected debris consisted predonunantly of
thrombotic material, foam cells, and cholesterol clefts.

onclusions—By the use of distal protection filters during carotid artery stenting, it was possible to collect particulate
debris potentially leading to distal vessel occlusion in a high percentage of cases. Qualitative analysis of embolized
material showed debris dislocated during the percutaneous intervention from atheromatous plaques. (Stroke. 2002;33:
456-461.)

Key Words: angioplasty m carotid arteries m embolism m pathology m stents

X tent placement for extracranial carotid artery disease has
emerged as a potential alternative to carotid endarterec-
imy, the current gold standard treatment for carotid artery
enosis.'-> However, compared with the surgical approach,
srcutaneous carotid stenting is accomplished with an in-
-eased incidence of microemboli, as shown by transcranial
'oppler monitoring.* These emboli are associated with a
igher neurological complication rate’ and are also recog-
ized as a potential cause of periprocedural stroke during
1darterectomy.6-9
Only a few studies give a detailed morphological evalua-
on of the material retrieved during percuaneous intravas-
ilar procedures.!-15 From these studies it appears that most
f the embolic dissemination occurs during iatrogenic manip-
:ation of the atheromatous plaque.
Protection devices have the potential to reduce the inci-
:nce of intracranial debris embolization and render percu-
neous carotid artery revascularization safer.12-1° In light of
»vel observations made by Reimers et al!'® suggesting the
fety and feasibility of filter devices for carotid artery

stenting, the present prospective study was designed to
analyze histopathologically debris collected during intravas-
cular percutaneous carotid artery stent implantation with the
use of a recently available protection device.

Subjects and Methods

Patient and Lesion Characteristics

Between September 2000 and February 2001, elective carotid artery
stent implantation with the use of a distal protection filter was
attempted in 38 lesions in 36 consecutive patients. These were the
most recently treated patients and represent 38% of all lesions treated
in our center to date. Eighteen patients (50%) had previous symp-
toms of transient ischemic attack and/or stroke. All 37 lesions
produced a >70% diameter stenosis (mean, 82.1+11.1%) of the
internal carotid artery. Thirty-seven lesions were de novo lesions,
and 1 was restenosis occurring after endarterectomy. The clinical and
angiographic characteristics are listed in Table 1.

Angiographic Evaluation

Baseline and postprocedural quantitative angiography was per-
formed online with the use of the automated analysis system
coordinated with the angiographic equipment (Intergris 3000, Phil-
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TABLE 1. Clinical and Angiographic Characteristics

Patients (n=36)/
Lesions (n=38)

Mean age, ¥ 70.7x7.7
Male sex 27 (75%)
De novo lesions 37 (97.4%)
Previous endarterectomy : 1(2.6%)
Previous stroke/TIA 18 (50%)
Angiographic evaluation
Mean % diameter stenosis 8211114
Irregular lesion 28 (73.7%)
Ulcerated lesion 15 (39.5%)
Lesion calcification 15 (39.5%)
Bilateral significant (>70%) carotid disease 12 (31.6%)

TIA indicates transient ischemic attack.

ips, Medical Instruments). The angiographic diameter stenosis was
measured according to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria with the distal, nontapering
portion of the internal carotid artery used as the reference segment.°
Qualitative angiographic evaluation was performed offline by 2
independent operators according to the criteria described by Mathur
et al.2!

Drug Regimen

All patients were taking aspirin (100 to 325 mg). Ticlopidine (500
mg) was started at least 48 hours before the procedure. Heparin 70 to
100 U/kg was given intra-arterially to achieve an activated clotting
time of >250 seconds. In case of inadequate anticoagulation,
additional boluses of 2000 U of heparin were given until the target
value was achieved. Atropine 1 mg was administered only when
required to treat bradycardia during balloon inflation. Arterial blood
pressure was monitored during the procedure and, if needed, was
modulated with nitrates or dopamine. After the procedure, patients
received aspirin indefinitely and ticlopidine for 1 month. Glycopro-
tein IIb/IIa inhibitors were not used.

Carotid Stenting Procedure

Percutaneous access was gained through the femoral or brachial (1
lesion) artery. Long sheaths (6F or 7F) or coronary guiding catheters
(8F) were advanced into the common carotid artery on long
0.035-inch support wires previously placed in the external carotid
artery with the use of 4F or SF diagnostic catheters. Angiography of
the carotid artery and the intracranial circulation was performed in
angulated views (Figure 1). Stenoses were crossed with the filter
protection device. After filter opening, predilatation with 3.5- to
4.0-mm-diameter coronary angioplasty balloons was performed in
60.5% of the lesions at medium-low pressure (6 to 10 atm) until
complete expansion of the balloon was seen. Appropriately sized
self-expandable stents (Carotid Wallstent, Boston Scientific—Schnei-
der; Smart 0.018 inch, J&J Cordis) were implanted, covering the
carotid bifurcation in all cases. All stents were postdilated with the
use of 5.5- to 7.0-mm (mean, 6.06%0.62 mm) balloons at medium-
high pressures (8 to 12 atm; mean, 11.0+0.1). The arterial sheaths
were removed on the same day. After the procedure, patients were
transferred to the cardiology ward with continuous ECG monitoring
for the following 12 hours, and noninvasive blood pressure measure-
ments were taken every 2 hours for at least 12 hours.

Filter Device Lo -

The first-generation filter device (Angioguard, J&J Cordis) consists
of an olive-shaped nitinol skeleton covered at its distal portion by a
polyurethane membrane with pores of 100 wum in diameter. The
filters used had diameters of 6, 7, and, in 1 case, 8 mm. The device
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is connected to a proximal, floppy wire tip and a distal 0.014-inch
wire shaft 300 cm in length used as guidewire for the interventional
procedure.

The closed filter, contained in a delivery sheath (diameter of 0.061
to 0.065 inch) with a maximum profile of 4F to 4.5F, was advanced
through the lesion. The filter was opened in the internal carotid artery
distal to the lesion by removal of the delivery sheath. A filter 0.5 to
1.0 mm larger than the visually estimated distal vessel diameter was
chosen. This was to ensure complete apposition of the filter to the
vessel wall. At the end of the procedure, a retrieval sheath was
advanced, and the filter was closed and removed from the artery.
Visual inspection of the filter was performed by the interventional
cardiologist at the end of each procedure to evaluate the macroscopic
presence of material.

Neurological Evaluation

A board-certified neurologist performed a complete neurological
examination, including the National Institutes of Health Stroke
Scale, before and after stent implantation.

Follow-Up

Clinical follow-up was performed 30 days after the procedure in all
patients.

Histopathologic Evaluation
After removal, the filters were immediately fixed in 10% neutral,
buffered formalin. Photographs of the device in its integrity and after
removal of the metallic wire were taken under a stereo microscope.
These images were used for the computerized morphometric analysis
with Image-Pro Plus software (Media Cybernetics). The total area of
the filter membrane and the area covered by particulate material were
quantified. The percentage of membrane occupied by debris was
expressed as percentage of covered surface area. According to the
extension of the covered area, patients were divided into 4 groups:
group 1 had a covered area of =<25%, group 2 >25% and =50%,
group 3 >50% and =75%, and group 4 >75%. If particles were
entrapped in the scaffolding metallic wires, they were carefully
removed and separately photographed. Particulate floating in the
formalin was filtered and processed for histological characterization.
Particles identifiable as such were outlined by an experienced
pathologist. The particles were subsequently counted and measured
by the computer software. The 2 longest perpendicular diameters of

Figure 1. a, Severe (>90%) ostial stenosis of both the internal
(arrow) and the external carotid artery is shown. b, The internal
carotid artery (arrow) is shown after successful stent implanta-
tion performed with distal filter protection. The external carotid
artery appears open with persistent significant ostial stenosis.
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Figura 2. a, The filter device usoed during the proceduras. Note
thea {ald in the plastic mambrane lamow) that coourred during
tha retrigval of the device. b, Tha polyurethane plastic filter
mambrans after removal of the metaliic wire containing embaolic
materal. The Inzside of the filter membrane s shown, with mor-
phometric measurements of a large particle (major axis [MA),
34822 ;o minor axis [ma), 10352 jem)

"

the larpest particles were recorded (Figure 210 All messurements
were made ot least twice

For lestology amd tssue chamclenzston, the materzal was e-
et frome the filer, debvdrated, and embedided in paraffing and the
sections (5 pme thick] were stined with hematoxylin-cosin and
Heidenbain wrickhrome

Sconning eleciron micrscopy was performed on the intermal
surface of the polvarethane membrane after it had been fatened.
Adter remaval from the 10% buflTered formalin, the matenal was
witshed st normal =ahne sajution and then in distilled warer
Subseguently it was debvdrated in crescent series of alcobiol, with &
fimal incubation in wmyl acetate, and processed for the CO. critical
dry point and gold sputtering. The specimens were observed wnder a
scanning clectron microscops (Philips XL 30,

Statistical Analysis

The datn were computerized ol analyvzed with the wse of the
GraphPad Prism Saftware package. Mean, S, and Tower and upper
5% Cls were calculated for all parameters. Resulls are expressied as
mgant 500 P05 was considered significant,

Resulis

Procedural and Follow-Up Resulis

In all patients it was possible o posiion o stent at the lesion
site (Figure 1) In 1 ocose (2.6%) the filter could not he
posttioned, and an occlesive balloon protection was adopted

TABLE 2. Procedural Data and Results

Lesions

n=38)
Successful stent procedure S8
Fitter successfully posthoned ana
Filter positioned only after pradilatation (2.0-mm batioon) 504
Fiftar did nat cross lesion® 13
Predilatation 233
Vessal spasm resolved with intra-arterial nitrates 33
Flowe Impairmant rasolving after filler remaval BTG
Slow Mo &3y
Mt flaw 213
Fastdilatation 3143
Mezn ballaan diameter, mm &0
Mean prassuse, atm 1.
Mean % diameter stencsls, baseling B2,
Mzan % diameter stenasls, pestprocedural 12
30-day morality rate 12

*Crogsovar to acclusive balleon protection, Titer crossing after predilatation
not atiemplad

(Guardwire, Percosurge Inc), In 5 cases (12.3%) the filter
device crossed the lesion onby aller predilatation with the use
of 20-mm-diameter coronary balloons. Distal vessel spasm,
which resolved aftler intra-arerial nicrate administration, was
observed during 3 procedures (8,190, In 6 cases (16.2%)
slow flow and in 2 eases (545 ) no Mow in the intemal carotid
artery occurmed. The [Tow impairment resolved cornpletely
alter filler removal inoall 8 cases. Mean postprocedural
dinneter stenosis wos 12,829 2%, Procedural dats and re-
sults are shown in Tuble 2. '

Careful neurological examination, including 1he National
Instituies of Health Stroke Scale, performed afer the proce-
clure, al discharge, and doring the follow-up visit s 30 days
dich pot reveal the occdarrence of any pesrological complica-
toms. Two patients required prolonged intravenous dopamine
infusion for persistent by potension. The 30-day mortality rate
wits 2.8% (1 patient). This patient with unstable coronary
disease suffered massive aterior myocardial infarction 4
diys after the procedure and died 3 days later,

Histopathological Results

Microscopic evalustion revealed that particles could be de-
tecled in 31 of 37 filters (83,79 ) and that 1they were adherent
mostly to the Alier device (Figure 20 The mean number of
particles in these filers was 33,7256 (range, 24 1o 46). In.}3
of 37 filters (35% ), additional material was entangled in the
scaffolding metallic wire, Unly a small number of immersed
particles were retrieved from 1he fixative. The average cov-
ered area on the plastc flter was 33.2= 19.8%: Mean particle
sizge ranged from LOS 1o 50435 g (mean, 2895512 um)
in the major axs and from 0.7 w 11753 g (mean,
FEQT 1807 in the minor axis (Figure 2h). The distribution
ol the stze of the panticles is shown in Figure 3, and results of
the histopathological analysis are shown in Table 3, Scanning
electron microscopy wis performed, and menn particulate
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Figure 3. Distribution of size (major axis) and number of embolic particles capiured during carctid artany stenting

size of 311.6+251.5 pm in the major axis and 257.76+247.9
wm in the minor axis was observed (Figure 4). In all 8 filters
of patients in which slow flow or no flow was observed,
embolic material was detected, with an average covered area
of 53.2+14.8%. Moreover, no relations could be detected
between particle size and average covered area occupied by
the material on the filters (P=NS).

Qualitative analysis with light microscopy revealed that the
particles consisted primarily of soft acellular and amorphous
material characterized by lipid-rich macrophages and choles-
terol clefts. To a minor degree, calcium particulates and
platelets entrapped in fibrin strands were found (Figure 5).

TABLE 3. Pathological Data

Filters (n=37)

Macroscopic presence of debris

Presence of particulate material at microscopic evaluation
Mean % covered area on filter

Mean % covered area on filter per group

Group 1: covered area <25% (3.4+6.1) 8* (21.6%)

Group 2: covered area >25-=<50% (37.8+7.9) 10 (27.0%)

Group 3: covered area >50-=<75% (63.6+4.5) 15 (40.5%)

Group 4: covered area >75% (79.2+3.9) 4 (10.8%)
Mean particle size, um

Major axis 289.5+512

Minor axis 119.7+186.7
Mean no. of particles per filter 33.7x5.6

Filters with particles >300 wm, major axis
Filters with particles >1000 wm, major axis

31/31 (100%)
16/31 (51.6%)

*Including 6 filters without particulates.

All detected muterial is typically identifinhle in an atheronge-
tous plaquc whether complicated  or uncomplicated,  The
single case Lreated with disial vcclusive balloon protection
showed similir fiondings.

Discussion

Filter protection during carotid arery stenting has heen
recently reporicd by cur proop o be feas
small cohort ol patients with o low incidence of wewrolopical
complicatiotis. '®

The present study shows that embolic parmcolates that are
commonly releascd during caratid witery stent immplaniaion™?
can be capturad by diswil lilter protection devices, Thi
clinical conlirmation of the expenence with filier protection
in the ex vive model fepinted By Cihki o1 al
captured in #3.7% of procedures compared with 51957 and
100%'415 ip previously published studes in which occlusive
balloons were nsed for protection. The siee of the particles
detected in the present study (7893 0512 wm in diameter in
the major axis. rmunge, LOE w0 50435 pmg was prealer
compared willi the e vive filter eviduation (2260 130 gm
and 1 of the thstul ceclusive balloon stucdies (340 mm crvstal
and 110.67 mm lipoid mas<) and smaller compared witl)
another distul halloon protection study (B g " Tn oy
experience, s well as i ull previous obseovanons, particles
>300 pm were found in oall filters with debris, =000 The
microcirculativn cnoompisses vessels with diameter <300
pum.22 The arterial network arborises from the aoa o atees
up to 400 te 200 pon, sinall arterics with diameter between
300 and 100 jom, arterodes with diameter between JOand |2
wpm, and cajillarivs with diameter of approsimately 12 wm
In the present stucdy e of filters with malenals presented
particles =310 pm and 52% of filters preseoted particles

1% the

Db wis
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Figure 4. a, Scanning electron micrograph image of the luminal
surface of polyurethane plastic filter membrane containing cap-
tured particles. b, The same filter at higher magnification of
boxed area, showing captured particulates.

>1000 wm. It cannot be excluded that some of the retrieved
thrombotic material could have been locally produced inside
the filter, explaining the relatively high incidence (21.1%) of
flow impairment and the high filter surface coverage of
>50%, which was not correlated to the size of particles. As
for the amorphous material, we cannot see any source other
than the amorphous material dislocated from the atheroma-
tous core of the plaque. All cases of transient flow impair-
ment due to pore occlusion occurred immediately after
postdilatation of the stent. Therefore, it appears that most
emboli are released during this part of the procedure. Possible
emboli release may occur during the passage of the closed
filter device through the stenosis, and in the absence of
intracranial Doppler we cannot exclude it. Protection systems
such as low-profile distal occlusion balloons or proximal
occlusion systems, which do not require any lesion crossing
without protection, have the potential to reduce embolization
during this procedural step.

It is, however, assumable that not all captured particles
would have had acute clinical sequelae. The significance of

Figure 5. a, Heidenhain trichrome staining cross section of poly-
urethane filter membrane. Note thrombotic materials adherent to
the inside of the membrane and the pores in the membrane (arrow)
(magnification xX50). b, Hematoxylin-eosin staining of a particle
removed from the filter (magnification X10). ¢, A higher magnifica-
tion of panel b (right boxed area): necrotic material, cholesterol
clefts, and calcium precipitates can be observed (arrow). (magnifi-
cation X40). d, A higher magnification of panel b (left boxed area)
showing amorphous, acellular material rich in cholesterol clefts
(magnification X62). e, Heidenhain trichrome staining of thrombotic
material including fibrotic tissue fragments (arow) (magnification
x20). f, A higher magnification of panel e (boxed area) with evi-
dence of platelets (magnification x80).

clinically silent embolization during carotid artery interven-
tions has not yet been established, and possibly microvascular
obstructions are difficult to recognize.?*2* According to
recent observations,?2 emboli can potentially trigger platelet
aggregation and may amplify microvascular obstructions. A
shower of small particulate matter could cause microvascular
obstruction. Furthermore, particles of vasoactive substances
contained within plaque or thrombus could cause intense,
prolonged vasospasm and subsequent cerebral infarction.?s

The histopathologic analysis showed that retrieved mate-
rial consists of dislocated debris featuring atheroembolism as
a consequence of atheromatous plaque squeezing and rupture
occurring during carotid stent implantation. This result con-
firms the data of previously reported studies evaluating
different emboli protection devices during percutaneous in-
travascular interventions.!!-15

Our study confirms that this method of cerebral protectioni&-25
is feasible and safe and that it limits intracranial debris emboli-
zation. Therefore, it strongly supports the use of protection
devices during percutaneous carotid stenting. However, we
could not exclude the development of a stroke even in the setting
of distal protection.?s In a recently published article, Roubin et
al? reported the important reduction of periprocedural complica-
tion rate over 5 years of experience from 9.3% in the first year
to 4.3% in the fifth year. This was probably due to refinement of
stenting techniques and newly developed equipment. We cannot
rule out, as suggested by Qureshi et al,26 that the cardiac death
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occurring in our study within the 30-day window may be in
some way related to the hemodynamic instability after carotid
stenting. To achieve the target of =<3% periprocedural compli-
cation rate recommended by the American Heart Association/
Society of Vascular Surgery guidelines?” for the treatment of
asymptomatic patients, cerebral protection may well be
essential.

Limitations of the Study

Because of the absence of intracranial Doppler monitoring
during the stent procedure, this study does not exclude the
presence of emboli not captured by the filter. In a recent ex
vivo study, the filter device captured 88% of embolized
particles.!3> Moreover, the small study size does not allow
conclusions regarding the clinical efficacy of protection
filters. Larger evaluations are warranted.

Conclusions

The present study demonstrates that protection filters collect
debris of significant quantity and size during carotid artery
stent implantation. Histopathological analysis showed that the
collected material is dislocated from the atherosclerotic
plaque during the intravascular procedure. Protection devices
have the potential to further reduce neurological complica-
tions during the treatment of carotid artery stenosis.
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OBJECTIVES

BACKGROUND

METHODS

RESULTS

CONCLUSIONS

The aim of this study was to evaluate the feasibility and safety of carotid artery stenting (CAS)
with a filter protection system.

Neurologic events linked to the embolization of particulate matter to the cerebral circulation
may complicate CAS. Strategies designed to capture embolic particles during carotid
intervention are being evaluated for their efficacy in reducing the risk of these events.
Between September 1999 and July 2001, a total of 162 patients (164 hemispheres) underwent
CAS with filter protection (NeuroShield, MedNova Ltd., Galway, Ireland) according to
prospective protocols evaluating the filter system at three institutions.

Angiographic success was achieved in 162 of the procedures (99%) and filter placement was
successful in 154 (94%) procedures. Carotid access was unsuccessful in two cases (1%) and
filter placement in eight cases (5%). Of the latter, five procedures were completed with no
protection and three were completed using alternative protection devices. On an intention-
to-treat basis, the overall combined 30-day rate of all-stroke and death was 2% (four events:
two minor strokes and two deaths). This includes one minor stroke in a patient with failed
filter placement and CAS completed without protection. There was one cardiac arrhythmic
death and one death from hyperperfusion-related intracerebral hemorrhage. There were no
major embolic strokes.

Carotid artery stenting with filter protection is technically feasible and safe. Early clinical
outcomes appear to be favorable and need to be confirmed in a larger comparative
study. (J Am Coll Cardiol 2002;39:841-6) © 2002 by the American College of Cardiology

Foundation

The efficacy of carotid endarterectomy (CEA) in preventing
stroke is dependent on the perioperative incidence of stroke
and death (1). Accordingly, the American Heart Associa-
tion has set guidelines for the performance of CEA. On the
basis of these guidelines, CEA should only be performed if
the combined rate of perioperative stroke and death can be
kept <6% in symptomatic patients and =3% in asymptom-
atic patients with severe extracranial carotid stenoses (1).
Extrapolating these guidelines to the performance of carotid
artery stenting (CAS), experienced groups have reported
outcomes that are consistent with these recommendations
(2-4). However, despite advanced stenting techniques,
neurologic events may still complicate CAS and remain an
obstacle to its widespread acceptance. Obstructive carotid
artery lesions are known to contain friable thrombotic and
atherosclerotic components that have the potential to em-
bolize during intervention and may be responsible for the
majority of the neurologic events during CAS. This has
been demonstrated in an ex vivo human carotid artery model
by Ohki et al. (5), as well as by several transcranial Doppler
(TCD) studies during CAS (6). A number of “distal
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protection” strategies, designed to capture embolic debris
released during carotid intervention, are currently being
evaluated for their efficacy in minimizing the risk of embolic
neurologic events. One such strategy is the placement of a
temporary intravascular filter that captures embolic matter
in the distal internal carotid artery (ICA) during interven-
tion (6). The aim of this study was to prospectively
investigate CAS with a filter protection system.

MATERIALS AND METHODS

Between September 1999 and July 2001, a total of 162
patients (164 hemispheres, 164 procedures) underwent elec-
tive CAS with a filter protection system (NeuroShield,
MedNova Ltd., Galway, Ireland) according to prospective
protocols examining the feasibility and safety of the system
during CAS at three institutions: New York, 64 cases
(40%); Milan, 50 cases (30%); and Sheffield, 50 cases (30%).
The enrollment criteria were identical and included patients
with symptomatic or asymptomatic extracranial ICA steno-
sis of =50% and =70% (diameter obstruction) respectively,
as determined by carotid angiography. Additionally, all
enrolled patients satisfied the following criteria: 1) age =18
years; 2) ability to understand the procedure and sign a
written consent; 3) a negative pregnancy test in women of
childbearing age; 4) suitable lesion for treatment with
angioplasty and stenting (based on the absence of significant
calcification, thrombus and extremely tortuous anatomy); 5)
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Abbreviations and Acronyms
CAS = carotid artery stenting
CEA = carotid endarterectomy
CREST = Carotid Revascularization Endarterectomy vs.
Stenting Trial
ECA = external carotid artery
ICA = internal carotid artery
NIHSS = National Institutes of Health Stroke Score
TCD = transcranial Doppler

sufficient space for filter placement distal to the lesion; and
6) ICA diameter =4 mm but <6 mm.

Exclusion criteria included: 1) breastfeeding women; 2)
stroke within seven days before the procedure; 3) National
Institute of Health Stroke Score (NIHSS) of =15 within
seven days before the procedure or baseline major ipsilateral
stroke that is likely to confound the determination of the
study clinical end points; 4) more than one ipsilateral carotid
lesion requiring treatment; 5) the presence of a cardiac
source of embolus (such as atrial fibrillation); 6) the presence
of known intracranial tumors or vascular malformation; 7)
renal insufficiency (creatinine =2.5 mg/dl); and 8) comor-
bidity with a life expectancy of =<1 year.

The primary end points included: 1) technical success
(angiographic and device success) and 2) procedural and
30-day incidence of minor stroke, major stroke, myocardial
infarction and death.

All procedures were performed according to the guide-
lines of the Institutional Review Board or the local medical
ethics committee. All patients signed a written consent. All
patients had a complete neurologic evaluation performed by
a neurologist that included an assessment of the NIHSS
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before and within 24 h after the procedure. Additionally (at
Lenox Hill), clinical events were adjudicated, based on
patient chart review, by an independent clinical events
committee that was selected to include a neuroradiologist, a
neurologist and a surgeon.

Clinical and procedural data were documented by a
dedicated research coordinator using a special case report
form and were entered into a computerized database.
Thirty-day follow-up that included queries regarding po-
tential neurologic events was completed on each patient.
Imaging studies were utilized in determining occurrences of
end points whenever necessary.

Patients were premedicated with clopidogrel (Plavix,
Pfizer Inc., New York, New York) 75 mg once a day and
aspirin 100 to 325 mg twice a day for 2 minimum of seven
days before the procedure. Clopidogrel was continued for 30
days after CAS (14 days in Sheffield) and aspirin was
continued indefinitely. All carotid stenting procedures were
performed using a standard technique as previously de-
scribed (7). A 7F/90-cm long guiding sheath (Shuttle, Cook
Inc., Indianapolis, Indiana) was used to access the carotid
artery. A single bolus of intravenous heparin (5,000 U or 70
U/kg) was administered at the beginning of the procedure.
The filter system was employed according to the manufac-
turer’s instructions as described later. Glycoprotein IIb/IIIa
antagonists were not utilized.

Device description. The Generation-II NeuroShield
(MedNova Ltd.) is a temporary intravascular filtration
system designed to capture atheromatous material released
during the carotid interventional procedures (Fig. 1). The
system is composed of three major components: 1) the filter
guidewire, 2) a delivery catheter and 3) a retrieval catheter.

Figure 1. Application of the NeuroShield filter system during carotid artery stenting, The filter is mounted on a filter wire that is used to cross the lesioi
and deliver interventional balloon and stent catheters. ICA = internal carotid artery.
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Figure 2, Carotid angiogram demonstrating flow preservation during carotid artery stenting with the filter protection system. (A) Preprocedural angiogram
showing a high-grade stenosis of the internal carotid artery. (B) The filter (the bottom two arrows) is positioned distal to the lesion, In this case a “buddy
wire” (the white arrow) was required to facilitate filter placement. (C) Carotid angiogram demonstrating flow through the filter (arrows). (D) Final

angiography: the stented site is widely patent.

The filter assembly is located at the distal end of 0.014-inch
guidewire that is used to cross the lesion (Fig. 1). The
filtration element, made of polyurethane, has four proximal
entry ports and multiple distal perfusion pores (100 to
150 pm) that allow blood flow to the cerebral circulation
(Fig. 2). The filter is available in diameters of 4 to 6 mm and
is sized to the selected distal ICA segment (1:1). A
preshaped Nitinol expansion system assists in filter deploy-
ment and apposition to the arterial wall.

Filter deployment and retrieval are performed using
dedicated catheters. At the commencement of an interven-
tional procedure, the filter system is loaded into the delivery
catheter. The system is then advanced through the guiding
sheath and across the target lesion into the distal ICA. The
delivery catheter is withdrawn and, as it is withdrawn, the
filter is deployed. After the delivery catheter is removed, an
angiogram is obtained to document blood flow through the
filter and document device placement distal to the target
lesion (Fig. 2C). The filter guidewire is used to deliver the
balloon and stent delivery catheters. Following the comple-
tion of the procedure, the filter assembly is recovered using
the retrieval catheter. This is advanced over the guidewire
and through the stented lesion, then further over the
deployed filter assembly. As the retrieval catheter distal pod
contacts the proximal edge of the filter assembly, the Nitinol
expanders collapse and the filter assembly is rewrapped, fully
contained within the retrieval catheter. The entire device is
then removed from the patient with the captured emboli
contained in the filtration element. In cases where the filter
delivery catheter system is unable to cross the lesion on the
initial attempt because of lesion severity or vessel tortuous-
ity, a gentle predilation (using a 2-mm balloon) or a
side-wire “buddy wire” was used to facilitate the system
advancement (Fig. 2).

DEFINITIONS

Technical success. Dewvice success: successful placement and
retrieval of the NeuroShield filter device. Angiographic
success: successful stent deployment resulting in =30% re-
sidual diameter stenosis.

Stroke. Minor stroke: an arterio-occlusive brain infarction
characterized by the sudden onset of a neurologic deficit
that persists for =24 h. In all cases, patients must be
nondisabled. Major stroke: an arterio-occlusive brain infarc-
tion characterized by the sudden onset of a neurologic
deficit (NIHSS =9) persisting for a2 minimum of 30 days.
Procedural event. A procedural event is the occurrence of
any clinical event during the procedure, from the time
femoral arterial access is obtained and until vascular access
site hemostasis is successfully achieved.

30-day outcome. The 30-day outcome was the composite
incidence of the clinical end points within the first 30 days.
Statistical analysis. The primary end points were analyzed
on an intention-to-treat basis. All values were expressed in
mean * SD.

RESULTS

Table 1 summarizes the patient clinical and angiographic
characteristics. The mean age of the patients was 68 * 8
years (range 51 to 85 years, 11 patients (7%) were =80
years). Seventy-seven patients (48%) had symptoms attrib-
utable to the treated artery within the three months before the
procedure. Of these, 61% had transient ischemic attacks, 23%
had stroke and 16% had amaurosis fugax. One patient was
treated using the filter system after he developed intolerance
symptoms during CAS with the distal-balloon protection.

Immediate outcome. Angiographic success was achieved
in 162 (99%) of the patients. Successful filter placement and
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Table 1. Clinical and Angiographic Characteristics

Age (yrs) (mean * SD) 68+8
Age =80 yrs 11 (7%)
Men (n, %) 28 (87%)
Symptomatic lesions 77 (48%)
Hypertension 31 (80%)
Diabetes 12 (31%)
Hyperlipidemia 26 (67%)
Coronary artery disease 21 (54%)
Prior ipsilateral CEA 13 (8%)
Stenosis severity (mean = SD) 82 + 9%
Lesion length (mm) (mean * SD) 12*6
Contralateral ICA stenosis of =50% 49 (30%)
Contralateral ICA occlusion (n, %) 18 (11%)

CEA = carotid endarterectomy; ICA = internal carotid artery.

retrieval was achieved in 154 (94%) of the procedures. An
additional maneuver, such as a gentle predilation (using a
2-mm diameter balloon) and/or a “buddy wire” placement,
was necessary in 12 (8%) of the cases to facilitate the filter
placement. In these cases, high-grade lesions and/or severe
distal vessel tortuousity made the initial attempt unsuccess-
ful. Failure to place the filter occurred in eight cases (5%)
because of inability of the device to cross-sever stenoses with
tortuous distal anatomy despite additional maneuvers (bud-
dy wire and predilation) in two cases. The procedure was
completed with no protection in five patients and with an
alternative protection system in three; distal balloon protec-
tion (GuardWire, Percusurge Inc., Sunnyville, California)
in two patients, and a different filter protection device
(Angioguard, Cordis Inc., Miami, Florida) was negotiated
through the lesion in one patient after an additional balloon
dilation. Preserved flow through the ICA was angiographi-
cally documented in all of the procedures where the filter
was successfully placed. There was no device failure follow-
ing deployment, and all filters were successfully retrieved in
a completely collapsed condition. Macroscopically visible
particles were retrieved in 54 (35%) of the filters. Pathohis-
tologic analysis of the filter contents was performed in a
subset of 11 consecutive patients. This revealed multiple
debris (mean number of particles per filter was 12, range 0
to 41) that included fibrin, cholesterol clefts, organized
thrombi and red and white blood cell aggregates.
Nonflow-limiting spasm that resolved after removal of
the filter (with/without intravascular nitroglycerin) occurred
in five cases (3%). Flow-limiting spasm at the filter site
occurred in three patients (2%). This resolved completely
with the filter removal in one patient, by advancing the filter
few millimeters in one, and by intravascular nitroglycerin
administration in the third patient. All three procedures
were successfully completed with filter protection with no
associated clinical sequelae. There were no vascular dissections.
There were two procedural minor strokes (1%). One
patient developed blurred vision during a CAS procedure in
which the filter placement was unsuccessful. The interven-
tion was successfully completed without distal protection.
The second patient, a known case of von Willebrand’s
disease whose aspirin had been withheld on the advice of the

JACC Vol. 39, No. 5, 2002
March 6, 2002:841-6

hematologist, developed dysphasia immediately following
successful filter retrieval. Both patients recovered completely
within 48 h. Of the 154 patients in whom the filter was
successfully deployed, there was one embolic neurologic
event (0.6%).

30-day outcome. On an intention-to-treat basis, the over-
all combined rate of all strokes and deaths at 30 days was 2%
(four events). These include the two procedural minor
strokes and two deaths. One patient suffered prolonged
brady/tachyarrhythmia following a control arch aortogram,
and a temporary transvenous pacer was placed before stent-
ing and was removed following successful intervention.
Subsequently, the patient developed an asystolic cardiac
arrest and she could not be resuscitated. Autopsy demon-
strated a perforated right ventricle with hemopericardium,
and fatal arrhythmias were given as the cause of death. A
second patient developed massive ipsilateral intraventricu-
lar/subarachnoidal hemorrhage four days following an un-
complicated CAS and died within 24 h from the onset. This
constituted the only neurologic death and was thought to be
due to reperfusion injury. All the remaining patients were
asymptomatic, with no neurologic events or myocardial
infarctions.

DISCUSSION

Carotid artery stenting without distal protection has been
associated with embolic minor stroke rates of 2% to 5% and
major stroke rates of 1% to 1.5% (2-4). In the largest report
of CAS, a multicenter registry by Wholey et al. (8) that
included 5,210 patients, the rates of minor and major
embolic strokes were 2.7% and 1.5%, respectively. Distal
protection has the potential to reduce the risk of emboliza-
tion and enhance the safety of CAS. Preliminary results of
a multicenter trial of CAS using the distal balloon protec-
tion have already shown a favorably low rate of embolic
events (9). Moreover, the ability of the distal balloon
protection to reduce the microembolic load has been dem-
onstrated (10).

The present study demonstrates that the application of a
filter protection system during CAS is feasible and safe. The
risk of atheroembolic complications in patients who had
successful filter placement appears to be favorably low and
notable for the absence of major embolic events. This series
represent the largest experience with a single-design filter
system during CAS, and it confirms the results of two prior
smaller series that evaluated various filter designs during
CAS. Parodi et al. (11) reported the successful application
of an umbrella-shaped filter system during CAS in six
patients with no complications. In a recent report, Reimers
et al. (12) reported no neurologic events during CAS using
various filter designs in a series of 84 patients. The ability of
the NeuroShield filter system to capture embolic particles
during the carotid intervention has been demonstrated in an
ex vivo human carotid artery model (13). In the current
study, macroscopically visible particles were detected in 30%
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Figure 3. Retrieved filter showing macroscopically visible captured material,

of the filters (Fig. 3), clinically confirming the prior ex vivo
observation. Moreover, the retrieval of these particles in the
filters provides further clinical evidence of the particulate
matter release during CAS.

Embolic profile during CAS. The majority of CAS-
associated neurologic events occur during the procedure, less
commonly within the immediate 2 to 4 h following the
intervention, and rarely thereafter. Transcranial Doppler
studies have shown that stent deployment, predilation and
postdilation are the most emboligenic phases of the unpro-
tected CAS procedure, and that the risk of embolization
after CAS is completed is very low (10,14). Gensori et al.
(14), using TCD, reported a very low emboligenic potential
in a group of patients within the 24 h following CAS.
Therefore, it is intuitive that the successful application of
any protection strategy during balloon dilations and stent
deployment will result in significant reduction in the risk of
embolic neurologic events during CAS.

Distal protection strategies. Two additional approaches
for distal protection during CAS are under evaluation (6).
The first involves the use of a distal balloon that interrupts
flow though the ICA during intervention. The proximal
blood column, potentially containing embolic material, is
then aspirated before re-establishing the blood flow. The
second approach involves reversing the flow within the ICA.
This is achieved by occluding the CCA, diverting the blood
into the ECA or simultaneously occluding the ipsilateral
CCA and the ECA and diverting the blood into the guiding
catheter that is externally connected to the contralateral
femoral vein. Preliminary experience has shown that all of
these strategies are effective in capturing embolic matter.
However, each of these strategies has its inherent advan-
tages and limitations. The utility of any distal protection
system in the individual patient depends on the lesion
anatomy, the adequacy of collateral circulation, the ease of
use and, most importantly, the efficacy in reducing the risk
of embolic events. Although the filter protection offers the
advantage of a constant cerebral perfusion during CAS,
allowing more time for careful and precise intervention,
microscopic particles smaller than the size of the filter pores
(=100 pm) may not be captured. The clinical significance
of these particles, however, is uncertain (15). On the other

hand, although both balloon occlusion systems are more
applicable in severe lesions and tortuous vessels, intolerance
may occur rapidly in 5% to 10% of the patients who have
poor collateral blood supply due to incomplete circle of
Willis (4). Confirming the early observation, the current
series demonstrates that following successful placement, the
flow through the filter is preserved and that the filter system
is well tolerated. The crossing profile of the Generation-II
system used in this study made it difficult to cross high-
grade obstruction and/or tortuous anatomy, resulting in 5%
failed filter placements in this series. Recent experience with
the new Generation-III (authors’ personal experience) has
shown that this is more applicable in the tortuous anatomy.
Compared with Generation-II, the new system has a lower
profile and over-the-wire design with a free (nonmounted)
filter. Using this system, the lesion is first crossed using a bare
0.014 178 guidewire. The filter is then delivered and retrieved
over the wire in a similar fashion to the older version,
Future directions. The introduction of distal protection
into the CAS procedure has set the stage for a randomized
comparison of CAS with the traditional surgical treatment
of carotid obstructions, such as CEA (16). Several trials are
being commenced (16). The largest is the Carotid Revas-
cularization Endarterectomy vs. Stenting Trial (CREST), a
randomized controlled trial of CEA versus CAS with filter
protection in the symptomatic patients with extracranial
carotid internal carotid stenosis (16). A second study is the
Carotid Revascularization with Endarterectomy or Stenting
Systems, evaluating CAS with distal protection in asymp-
tomatic patients as well as those patients excluded from
CREST. These and other ongoing trials will further define
the role of CAS in stroke prevention.

Reprint requests and correspondence: Dr. Jiri J. Vitek, 130 East
77th Street, New York, New York 10021. E-mail: Jvitek@®
lenoxhill.net.
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Carotid Stenting for Radiation-Induced Stenoses
A Report of 7 Cases

Emmanuel Houdart, MD; Charbel Mounayer, MD; René Chapot, MD;
Jean-Pierre Saint-Maurice, MD; Jean-Jacques Merland, MD, PhD

Background and Purpose—Radiation-induced stenoses of the carotid artery are associated with fibrosis of the arterial
layers and tissue planes that renders their surgical treatment difficult. We present our clinical experience in carotid
angioplasty stenting (CAS) of patients harboring such stenoses.

Methods—Seven patients underwent transfemoral CAS of 10 radiation-induced stenoses located on either the common or
the internal carotid artery. Six patients presented neurological symptoms. Four patients had undergone previous radical
neck dissection, and 3 had permanent tracheostomies. Stenoses were primarily covered with a self-expandable stent

before carotid dilation.

Results—All interventions were successful, with residual stenoses <<20%. No permanent complication occurred. The mean
follow-up was 8 months. Patients were symptom free at the last clinical examination, and Doppler control showed no

evidence of restenosis.

Conclusions—Carotid stenting appears very attractive for such “hostile neck” patients and seems a safe and efficient
treatment for radiation-induced stenoses. (Stroke. 2001;32:118-121.)

Key Words: angioplasty m carotid artery diseases ® stenosis m stents

xtracranial carotid stenosis is a known complication of

head and neck external irradiation. These stenoses are
usually challenging for the vascular surgeon. Indeed, even
when the stenosis is due to an atherosclerotic process, it is
associated with fibrosis of both the arterial wall and normal
tissue planes, which makes endarterectomy more difficult
than for usual cases.' 3 In addition, many of these stenoses
involve extensive segments of the carotid artery in the upper
or lower part of the carotid bifurcation, which again renders
their surgical approach more complicated. With the develop-
ment of self-expandable stents, carotid angioplasty stenting
(CAS) has become used more frequently.45 This technique
avoids cervical dissection and therefore seems quite appro-
priate for these “hostile neck” patients. We review our
experience with 7 patients who were treated by CAS over a
2-year period for 10 radiation-induced carotid artery stenoses.

Subjects and Method
Between April 1998 and April 2000, 7 patients with 10
radiation-induced stenoses of the carotid arteries underwent
CAS. Since the beginning of this period, surgery had no
longer been performed for that specific indication in our
institution. All patients gave written informed consent for
both the intervention and materials used.

Imaging Protocol

Before intervention, all patients underwent cerebral MRI or
CT scan and 4-vessel angiography, including cervical and
intracranial views. Stenoses were measured before and after
CAS on radiographic films. Only patients with stenosis
>70% according to North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria were treated. Inter-
vention was judged successful when the residual stenosis was
<20% on the control angiography. We termed internal
carotid artery (ICA) stenosis a stenosis located either exclu-
sively on the ICA or at the carotid bifurcation, and we termed
common carotid artery (CCA) stenosis a stenosis located
exclusively below the bifurcation. To measure the exact
diameter of the arteries and length of the stenoses, angiogra-
phy was performed after placement of a coin on the neck in
a plane orthogonal to the radiographic view. It was possible to
calculate the size of the structures studied when the diameter
of the coin was known.

Clinical Protocol

A neurological examination by an experienced neurologist
was performed on all the patients before the procedure, after
the intervention, and before discharge. Clinical follow-up and
a cervical Doppler were performed at 1 month and every 6
months after CAS for all patients.
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Characteristics of Patients and Stenoses
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Stented

Case Previous Associated Neurological Arteries/Length of Associated Arterial
No. Age, y/Sex  Interval*/Initial Malignancy Treatment Symptoms Stenosis, mm Lesions
1 79M 12 y /laryngeal carcinoma Cervical Surgery TIA LICA /35 Thrombosis R ICA
2 53/M 6y /lymphoma TIA RICA 110 Thrombosis L SCA

L ICA /40

RVA /5
3 56/M 4y Nlaryngeal carcinoma TIA LICA /20
4 78/M 5y /laryngeal carcinoma Cervical surgery, tracheotomy TIA R CCA /30

L CCA /30

LICA /20
5 59/M 15y /laryngeal carcinoma TIA L ICA /40 Stenosis R ICA
6 63/M 4y /pharyngeal carcinoma Cervical surgery Minor LICA /6

stroke

7 60/M 10y /laryngeal carcinoma Cervical surgery, tracheotomy None L CCA /40

TIA indicates transient ischemic attack; L, left; R, right; VA, vertebral artery; and SCA, subclavian artery.

*Interval from irradiation to neurological symptoms.

Antithrombeotic Protocol

Antiplatelet therapy, with clopidogrel 75 mg and aspirin 100
mg, was started 5 days before CAS and continued for 1 month
after the procedure, after which clopidogrel was interrupted
and the aspirin continued for life. During the intervention,
5000 U of intravenous heparin was given once the femoral
sheath was in place. One patient had a poststenotic thrombus
seen on initial angiography and received an intravenous
perfusion of abciximab (ReoPro, Lilly Inc). This treatment
resulted in disappearance of the thrombus, which allowed the
CAS procedure to be performed.

Balloon Angioplasty and Stenting Protocol

The interventions were performed by the femoral approach.
An 8F guiding catheter was placed in the CCA. Primary
stenting was performed with the use of a self-expandable
stent in all cases. We used an Easy Wallstent in the first 3
patients and a Carotid Wallstent (Schneider-Boston Scientific
Inc) in the other patients. The diameter of the prosthesis was
adapted to the largest diameter of the artery that needed to be
covered. The stenosis was passed with a wire, and the stent
was deployed to cover the entire length of the stenosis. A
balloon angioplasty catheter was then introduced into the
stent and inflated to a maximum pressure of 10 atm. Atropine
1 mg was given before balloon inflation. In 2 cases of ICA
stenosis, we used a cerebral protection device (Guardwire,
Percusurge Inc) during stent deployment and balloon dilation.
Control angiography, including cervical and intracranial
views, was systematically performed. The femoral sheath was
removed on the same day after normalization of the activated
clotting time. In case of bilateral carotid stenoses, CAS was
performed sequentially at a 15-day interval. After angio-
plasty, the patients were systematically observed for 24 hours
in the intensive care unit.

Results

Patient and Stenosis Characteristics
The clinical characteristics of the patients and stenoses are
shown in the Table. Six of the 7 patients were symptomatic.

Five patients had presented either a motor deficit or aphasia,
and 1 had presented retinal symptoms. The mean interval
between radiation therapy and neurological symptoms onset
was 8 years (range, 4 to 15 years). Four patients had
undergone previous cancer surgery on the same side as the
carotid stenosis, and 2 of them had permanent tracheosto-
mies. Six of the 10 stenoses had a length =30 mm. Three of
the 10 stenoses affected the CCA exclusively. Two patients
had stenoses on >2 major cerebral arteries.

Clinical and Angiographic Results
Nine interventions were performed. Two patients had bilat-
eral carotid stenoses that were treated in separate sessions.

Ten carotid arteries were stented: 7 ICA and 3 CCA.
Additionally, in 1 patient a vertebral artery was stented during
a CAS session. In the 2 stenoses treated under cerebral
protection, analysis of the blood aspirated below the protect-
ing balloon revealed cholesterol debris.

Interventions were successful for all stenoses. There was
no permanent complication. One transient complication oc-
curred in the patient presenting occlusion of the opposite
ICA. Inflation of the balloon angioplasty led to a partial
motor seizure that resolved immediately after the deflation of
the balloon.

The hospitalization duration was 3 days for all patients.

The mean clinical and Doppler follow-up was 8 months
(range, 3 to 24 months). All the patients were symptom free
at the last clinical examination. All the stents were permeable
on the last Doppler control.

INlustrative Case: Case 4

A 78-year-old right-handed man was seen in June 1999 after
several episodes of visual flashes followed by blurred vision
that occurred alternatively in both eyes. These symptoms
occurred mainly during physical activity and were interpreted
by our neurologist as transient bilateral retinal ischemia. The
patient had undergone total laryngectomy with permanent
tracheostomy followed by cervical irradiation for a laryngeal
carcinoma in 1984. The neurological examination was nor-
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mal. Clinical examination found typical “hostile neck” signs.
Cervical Doppler revealed tight stenoses of both carotid
arteries. Transcranial Doppler showed decreased velocities in
both middle cerebral arteries.

Angiography revealed a long, tight stenosis of the right
CCA associated with a long stenosis of the left CCA and left
ICA (Figure).

It was decided to perform sequential CAS of the right and
left carotid arteries, beginning with the right CCA stenosis
because this was the simplest lesion to treat. Indeed, the
longest intervention was to be on the left side, and we wanted
to improve the arterial blood flow to the brain through the
right carotid artery before performing it. Follow-up after CAS
of the right side was uneventful, and the patient was dis-
charged on day 2. Treatment of the left carotid stenoses was
undertaken 1 month later. Two stents were implanted, one at
the CCA stenosis and the other at the ICA stenosis. The
patient was discharged on day 2, neurologically intact. At
6-month follow-up, the visual symptoms had completely
disappeared. The control cervical Doppler showed normal
carotid diameters, and the transcranial Doppler showed nor-
malization of the velocity in the middle cerebral artery.

Case 4. A, Initial angiography of the right
carotid artery shows a long tight stenosis
of the CCA (arrow). B, Angiography after
CAS of the right CCA. C, Initial angiogra-
phy of the left carotid artery shows very
long stenoses of both CCA (arrowheads)
and ICA (arrow). D, Angiography after
CAS of both left CCA and ICA.

Discussion
Three types of radiation damage to the carotid artery after
neck irradiation have been described. Carotid rupture has
been reported mainly when radiotherapy was associated with
radical neck dissection. In the majority of the cases, the
rupture occurred after a surgical complication such as post-
operative necrosis of skin flaps, fistulas, or infection of the
surgical wound.®” Early arterial occlusion, occurring within
months after radiotherapy, is the second reported complica-
tion.® The third and most frequent lesion is the late develop-
ment of atherosclerosis in the arteries included in the radia-
tion fields.>'® This complication has been reported to occur
more frequently in patients with nasopharyngeal or laryngeal
carcinomas.!! Six of the 7 patients of our series had been
treated for such carcinomas. In this type of lesion, neurolog-
ical symptoms occur several years after irradiation. Although
histology of the surgical specimens has shown atherosclerotic
plaque with cholesterol crystals,''2 angiographic findings
differ from the nonirradiated cases. The stenoses are unusu-
ally long and affect arteries infrequently involved by standard
atherosclerosis, such as the CCA. The clinical and radiolog-
ical findings in our series were concordant with those data.
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Surgical treatment of such stenoses is more difficult than
for usual cases. Indeed, cervical dissection is disturbed by the
scar tissue caused by irradiation. These difficulties are further
increased if the patient has undergone previous radical neck
surgery on the same side because of the additional surgical
scar. Such changes increase the risk of damage to the adjacent
vessels or nerves. Endarterectomy of ICA stenoses is also
more difficult because of vessel wall changes consisting of
adhesion of the different layers, which complicates the
removal of the plaque itself. When stenosis involves a
proximal segment of CCA, the treatment sometimes requires
a surgical bypass, implying a more aggressive dissection. In
addition to the risks related to irradiation, some of these
patients had undergone previous tracheostomy because of
their initial malignancy, which carries an additional risk.
Indeed, the proximity of the stoma to the operative field
increases the risk of postoperative infection, especially if a
synthetic material has been used for vascular reconstruction.
There are few surgical reports of endarterectomy for
radiation-induced stenoses. In a series of 10 patients, 1
postoperative stroke occurred, and 1 patient developed a
pseudoaneurysm. Wound closure required dermal grafting in
2 other patients.2 In the largest series including 24 patients, 6
had postoperative cranial nerves palsies, and 4 required
dermal grafting.3

Because of the development of self-expandable stents, the
number of patients treated by CAS is increasing rapidly. This
technique has not been compared with endarterectomy and
therefore cannot be proposed routinely for treatment of
standard stenoses. However, for radiation-induced stenoses
that have been excluded from the NASCET and European
Carotid Surgery Trial studies, CAS is attractive for those
patients with predictable difficulties in neck dissection. For
CCA stenoses (whose surgical results have not been prospec-
tively assessed), CAS seems much less invasive than surgical
bypass. Since the development of self-expandable stents,
radiation-induced stenoses have been treated exclusively by
CAS at our institution. Indication for treatment was justified
in 6 cases by neurological symptoms. In the asymptomatic
patient, CAS was performed because of the tightness of the
stenosis, which was associated with a decrease of velocity of
the middle cerebral artery.

We applied our usual technique, which primarily involves
covering of the stenosis with a self-expandable stent followed
by its dilation. Balloons were not inflated to > 10 atm because
we were concerned about potential arterial rupture at higher
pressure. Bilateral carotid stenoses were treated in sequential
sessions. We established this policy to avoid ischemic com-
plication in both hemispheres (with its catastrophic cognitive
consequences), which could occur if the stenoses were treated
at the same time.

We used a protective cerebral device in 2 cases of ICA
stenoses when the device was available. Although the benefit
of this technique has not been demonstrated, it is increasingly
recommended to avoid possible embolic migration to the
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brain during CAS.!? Because radiation-induced stenoses are
actually accelerated atherosclerosis, cerebral protection is
justified to the same degree as for standard patients. No
consensus exists in the literature for use of cerebral protec-
tion. Our policy is to use it when treating long stenoses
because embolic migration seems more likely to occur in that
situation.!4

With the exception of our series, only 1 article has been
published regarding the use of CAS for radiation-induced
stenoses.!S The reported results in those 14 patients are
similar to ours.

Because of the prolonged survival of patients treated by
radiation, the frequency of this long-term side effect is
expected to increase. In a prospective study, late stenosis of
carotid artery was depicted in 11.7% of 240 patients who
underwent cervical irradiation.!! Some physicians are reluc-
tant to consider surgical options for these high-surgical-risk
patients. Accordingly, CAS is a potential alternative that
seems both safe and effective. However, further studies with
longer follow-up are required to confirm these initial results.
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ST. LUKE'S
EPISCOPAL
Dr. Joe Chin, MD HOSPITAL
And Dr, Carlos Cano, MD
Lead Medical Officers
Medicare Coverage July 13, 2004

RE: Coverage Request-Carotid stenting with protection in patients at high risk for
endarterectomy.

Dear Dr’s.

Like other large peer-reviewed medical centers, St. Luke’s Episcopal Hospital and
the Texas Heart Institute have extensive experience with embolic protection during
angioplasty and stenting of the carotid arteries in patients at high risk for endarterectomy.
Over 350 IRB approved high-risk carotid artery stent procedures have been performed at
our institution. We strictly adhere to eligibility criteria when enrolling patients into a
carotid stent protocol and closely follow them with routine duplex ultrasound and
neurological exams. A multi-disciplinary team consisting of an independent neurologist,
radiologist, interventional cardiologist and a vascular surgeon are consulted for each
potential carotid stent candidate. Patients undergo a complete and thorough neurological
examination before and after carotid stenting and must have 4-vessel cerebral
angiography prior to carotid stenting.

Patients are considered at high-risk for endarterectomy if they have multiple co-
morbidities including symptomatic coronary artery disease, severe left ventricular
dysfunction, chronic obstructive lung disease or those who have obstructions surgically
inaccessible. Of the 350 carotid stent procedures performed at St. Luke’s, 45% did not
meet NASCET inclusion criteria, 19% were octogenarians, 28% had already undergone
previous carotid endarterectomy and 13% had neck radiation and/or radical neck surgery
to treat their cancer.

Currently at our institution only Principle Investigators and Co- Investigators of
IRB approved clinical trials can perform carotid artery stenting. All of the investigators
have extensive experience with peripheral and cerebral anatomy, arteriography and
intervention, as well as, the use of distal embolic protection devices. All carotid stent
procedures are monitored and followed by a designated peripheral vascular research
coordinator..

A preceptor training program has been implemented at St. Luke’s and coordinated
by the carotid stent investigators. Those physicians wishing to obtain carotid stent
privileges must adhere to the multi-disciplinary approach, including the neurological
evaluation before and after the procedure. In addition each physician must satisfactorily
perform 10 computer-simulated procedures, participate in 25 carotid stent procedures and
perform an additional 10 proctored carotid stent procedures. All of the cases are subject
to peer review.

Texas Medical Center
PO Box 20269
Houston, Texas 77225-0269
wwiwsleh.com
An affiliate of St. Luke’s Episcopal Hedlth System



We would like to urge CMS to extend coverage beyond clinical trials to allow
those patients at high risk for endarterectomy to undergo carotid artery stenting with
protection.

If you have any further questions or comments or if we may be of further
assistance please do not hesitate to contact us directly.

Sincerely,

Zvonimir Krajcer, MD

Clinical Professor of Medicine

Baylor College of Medicine

The University of Texas Health Science Center
Principle Investigator, MAVErIC II

Kelsey-Seybold C IC
Pnnci?l Investigator, BEACH

< 7
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Neil Strickman, MD

Interventional Cardiologist

St. Luke’s Episcopal Hospital
Principal Inyestigator, SAPPHIRE

Arup Ac

Interven 1ona1 Cardiologist
St. Luke’s Episcopal Hospital
Co-investigator, SAPPHIRE

Emerson Perin, MD
Interventional Cardiologist
St. Luke’s Episcopal Hospital
Co-investigator, SAPPHIRE
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TO: The Centers for Medicare and Medicaid Services (CMS)
1. Dr. Joe Chin
2. Dr. Carlos Cano
3. Rana Hogarth, MSH

FROM: William H. Brooks, M.D. W

RE: Carotid Stenting Coverage Policy (CAG — 00085R)

I welcome an opportunity to comment and present my conditional support, yet
significant and seérious concerns regarding a proposed approval of
reimbursement for carotid angioplasty and stenting (CAS). The issues
surrounding CAS are numerous and require careful consideration before
providing reimbursements to providers, in my opinion. How this can be clearly
and reasonably addressed is anything but clear. Local credentialing committees
are plagued by politics and “turf-wars”. No consensus regarding proper training
of those physicians already in practice has been reached by various societies.
The indications for treating asymptomatic carotid disease are not without
controversy. In addition, the definition for “high risk” remains opaque. In
short, there is no bench mark.

The comments to follow represent my personal thoughts based on my collective
experience with CAS. Enclosed find copies of two randomized trials completed
in a single community hospital setting comparing carotid endarterectomy (CEA)
and CAS. Initially, I was engaged in the Schneider Wallstent trial and was a
Principle Investigator on ARCHeR and BEACH registries. These were industry
sponsored registries for “high risk” patients. The data from these registries have
been presented/published. Unfortunately, the data from the Wallstent trial never
will be published. Nevertheless, the information gathered from that trial
provides clear insight into the potential problems associated with CAS and the
general community where this procedure is not routinely performed and
experience required to acquire the sufficient skills to safely be engaged in CAS
are suspect and often lacking.

It is clear the request for changes in funding practices that currently exist as
developed by CMS is industry driven. Contacts from industry requesting
providers to lobby CMS for change of funding have been received. Obviously,
providers wish to have appropriate reimbursement for the services that are
delivered. Nevertheless, this particular challenge has been led by industry.
Why? To expand a market share and wealth, no doubt. Why else would
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industry send information that states “or, it might craft overly restrictive
coverage regulations on the patients to be served, physician competency, or
facility experience. This could severely limit physician and patient access to
this service”. It is my view that it is these restrictive coverage’s that lie at the
heart of considering reimbursement. My intention is not to present a dissenting
message, rather one that expresses the concerns as experienced in the
community hospital setting with hopes to offer an approach that might have
been overlooked given the politics of the technique and the various providers
that will be or wish to be engaged.

As a preamble to further explication of my position, review the Asymptomatic
Carotid Artery Stenosis trial (ACAS) and the information gathered from the
Schneider Wallstent Trial. The ACAS Trial demonstrated the benefits of CEA,
in asymptomatic individuals with stenosis of 60% or greater, if and only if, the
individual was anticipated to live more than five years and a provider morbidity
and mortality was less than 3%. Actually, the surgeons involved in this trial
were carefully selected with a surgical risk significantly less than 3%. Once this
study was published those engaged in CEA proscribed surgery for individuals
with carotid stenosis such that the numbers of CEAs increased by 10 fold within
one year. Subsequent data gathered by the Federal Government revealed the
surgical risks, morbidity and mortality, were far in excess of those proscribed by
ACAS guidelines. Still, the practice continues without constraint. The literature
is replete with articles and opinions condemning the blatant overuse of CEA in
asymptomatic individuals. Nevertheless, CEA is beneficial in an appropriate
clinical setting with an acceptable surgical risk. CMS must be aware that similar
to the consequences of release of the ACAS trial, the numbers of CAS will
dramatically increase with a potential for a marked increase in rates of
complications and abuse.

The Schneider Wallstent Trial was discontinued because the complications
associated with CAS were far in excess of those associated with CEA. One of
the reasons for the failure of this trial was that there were little, if any, selection
criteria for those to become engaged in CAS. Subsequently, it has been
suggested that an individual must perform 50 ~ 100 CAS to become thoroughly
qualified and trained. Clearly, the numbers wishing to adopt this technique far
exceed those actively engaged at this time.
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The trials on which industry has based the argument that CAS warrants funding
approval is based on “high risk” registries. Presently, there are no randomized
trials comparing CEA with CAS that have been published other than those from
our community hospital. Although these trials show that CEA and CAS may be
equivalent, this data is obtained in only one clinical setting where a team
approach was utilized. This cannot and should not be taken as a definitive
study. CREST will serve as a definitive study similar to what NASCET did for
endarterectomy and symptomatic disease. The definition for “high risk” is
clearly in the eyes of the surgeon. Personally, I believe there is a small group of
individuals who actually are placed at increased risk for carotid re-
vascularization by “open surgery”. Most, if not all, surgeons and those engaged
in CAS would include:

1. Severe pulmonary insufficiency and/or cardiac disease with reduced
ejection fraction;

2. Previous eradiation of the neck;

3. Surgically difficult access to the area of interest such as high bifurcation
of the common carotid artery; and

4. Previous CEA.

These are similar to those proscribed and detailed in high risk trials that have
been published or presented. This group of patients, however, represents the
vast minority of those presenting with carotid stenosis. Most reports of CAS in
the literature contain large numbers of asymptomatic individuals.

Provider qualification and training also is a key issue that must be carefully
considered before funding. The “learning curve” for safely performing CAS has
been suggested to be between 50 — 100 cases. Those physicians best prepared to
adopt this technique at present seem to be cardiology and radiology
“interventionalist™ or those with catheter based skills. Providers without these
skills are poorly prepared for CAS. Additionally, those without experience in
manipulation of small (0.014m) guide wires are poorly prepared. Thorough
knowledge of cerebrovascular anatomy and management of stroke is mandatory.
To be partially competent equals partially incompetent. Although competition
for these patients will be fierce among the various disciplines, it is doubtful that
the numbers of providers wishing to become involved with CAS, at present, are
trained appropriately. Clearly the numbers wishing to adopt this technique far
exceeds those actively engaged at this time. Academic training programs are
providing experience with CAS that will serve the needs of the public in an
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appropriate fashion in the near future. Yet the problem is current and the issues
of proper qualifications to perform CAS in the interim need to be addressed. I
am unaware of any guideline that generally would be acceptable without reserve
and dissent. CORDIS manufacturer has proposed a training profile that seems
reasonable. Certainly, this is a place from which to start. The stratification of
providers provides for immediate approval as well as a proscription for training
and proctoring. Strict monitoring of outcome, however, is lacking. It is my
understanding that carotid stents will be provided only to those physicians who
have met the criteria of CORDIS. Such an approach seems reasonable as long
as outcomes are measured in context of appropriateness and acceptable
morbidity and mortality as compared to CEA. I might suggest that you look at
there criteria. It is not perfect, but at least an attempt and may be relevant until
adequate numbers of academically trained provides enter the market.
Nevertheless, the issues of local credentialing remain local and problematic.
CMS funding will only add to that problem unless federally mandated
constraints are in place.

Industry has expressed concern that CMS may propose “overly restrictive
covered regulations™ based on facility experience. Personally, I welcome such
an approach. Those facilities that offer CAS must also offer acute stroke
intervention. Anyone engaged in CAS must be prepared to suddenly become
responsible for stroke therapy. Those of us engaged in CAS keenly are aware of
the potential for a therapeutic endeavor to become a procedure of rescue. Thus,
CAS cannot separate prevention from stroke therapy. Therefore, a facility
without a documented acute stroke interventional protocol in place and
functioning is an inappropriate setting for CAS. The guidelines for accreditation
must be set higher than perhaps all can attain less the complication rates
associated with CAS become unacceptable in comparison to CEA. This is an
evolving technique with great potential, yet I fear, the technique may be
discarded unless the early introduction to healthcare services is strictly
controlled until sufficient data is obtained to warrant unrestricted use.

The use of embolic protection devices is an example of the evolution of this
technique. The trials that I have presented did not use embolic protection
devices as they were not available. Those of us involved in CAS as a protective
measure, however, have adopted the use of these devices. However, the embolic
protection device is not a safeguard against misuse, abuse, and a lack of
appropriate training.
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The most difficult problem that CMA faces (not that those mentioned above are
not problematic) is to insure appropriate patient selection by providers once
CAS is funded. Personally, I do not believe that there is any methodology that
would serve this function other than regionalization of services and strict federal
oversight. The history of medicine is replete with examples of appropriate use
and abuse of surgical procedures by healthcare providers. The consequences of
ACAS trial are merely one example that may be applicable and serve as a
warning of that potential with CAS.

In summation, one option, although obviously not palatable to industry, is to
defer full funding until the results of CREST have been obtained. I would
suggest that CMS approve and fund high risk registries sponsored by industry
and provide coverage only in the context of these registries or randomized,
prospective trials. Reimbursement for CAS in the context of randomized,
prospective trials does not need to be confined to those sponsored by industry,
but also may include those sponsored in a local academic or community hospital
setting. The trials that we conducted were unfunded and no reimbursement
either for the hospital or physician services was received or expected. This is by
far the better route, in my opinion, than releasing CAS to any physician holding
the belief that because he is a surgeon with CEA experience, radiologist with the
belief that all endovascular procedures are similar, and the cardiologist
suggesting the coronary skills translate to knowledge of cerebrovascular
anatomy and indications for cerebral re-vascularization.

Thanks for your time, I generally do not become engaged in these debates, but
the potential for abuse is so high I was obliged.
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OBJECTIVES

BACKGROUND
METHODS
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CONCLUSIONS

The goal of this study was to detefmine whether carotid angioplasty and stenting (CAS) is
equivalent to carotid endarterectomy (CEA) in patients with symptomatic carotid stenosis
>70% by a randomized, controlled trial in a community hospital.

Carotid angioplasty and stenting has been suggested to be as effective as CEA for treatment
of symptomatic carotid artery stenosis.

A total of 104 patients presenting with cerebrovascular ischemia ipsilateral to carotid stenosis
were selected randomly for CEA or carotid stenting and followed for two years.

Stenosis decreased to an average of 5% after CAS. The patency of the reconstructed artery
remained satisfactory regardless of the technique as determined by sequential ultrasound. One
death ocaurred in the CEA group (1/51); one transient ischemic attack occurred in the CAS
group (1/53); no individual sustained a stroke. The perception of procedurally related pain/
discomfort was similar. Hospital stay was similar, although the CAS group tended to be
discharged earlier (mean = 1.8 days vs. 2.7 days). Complications associated with CAS prolonged
hospitalization when compared with those sustaining a CEA-related complication (mean = 5.6
days vs. 3.8 days). Return to full activity was achieved within one weck by 80% of the CAS group
and 67% of the patients receiving CEA. Hospital charges were slightly higher for CAS.
Carotid stenting is equivalent to CEA in reducing carotid stenosis without increased risk for
major complications of death/stroke. Because of shortened hospitalization and convalescence,
CAS challenges CEA as the preferred treatment of symptomatic carotid stenosis if a
reduction in costs can be achieved. (J Am Coll Cardiol 2001;38:1589-95) © 2001 by the

American College of Cardiology

The efficacy of endarterectomy for the treatment of patients
with symptomatic high-grade stenosis of the extracranial
carotid artery has been established through a series of
randomized, controlled trials (1-4). The absolute reduction
in the occurrence of cerebral ischemic events is dependent,
however, on perioperative complication rates (5,6). A com-
bined stroke (major or minor) and death rate exceeding 6%
for patients with symptomatic stenosis eliminates the ben-
efit of stroke reduction gained through operation. Although
varying according to operator and hospital experience (7),

See page 1596

the overall incidence of major disabling stroke approaches
2% with mortality rates of <1% (8,9), thereby supporting
the therapeutic advantages of carotid endarterectomy
(CEA) in treating symptomatic carotid stenosis. Despite
this reduction in serious complications, CEA has limita-
tions (10—-14). Minor strokes and/or complications remain
significant and can be disabling. Cranial or cervical nerve

From the Central Baptist Hospital, Lexington, Kentucky. The endovascular device
{Wiallstent) was kindly provided by Boston Scientific Inc.

Manuscript received January 5, 2001; revised manuscript received July 31, 2001,
accepted August 8, 2001.

palsies occur in 7.6% to 27% of patients undergoing CEA
(15-17). Complications associated with concurrent cardiac
disease and hypertension occur perioperatively in about 8%
of patients (18). In addition, individuals with contralateral
carotid occlusion or advanced coronary vascular disease are
considered poor candidates for CEA (1,19-22). Other
well-known anatomical considerations, which increase mor-
bidity and mortality, include the presence of an extremely
high carotid bifurcation (C1 to C2), tracheotomy, recurrent
stenosis after previous CEA and radical neck dissection with
or without radiation-induced carotid stenosis.

The advent of percutaneous endovascular techniques has
the potential for being safer, less traumatic and more
cost-effective in patients with symptomatic carotid occlusive
disease. The therapeutic advantage of carotid angioplasty
and stenting (CAS) has been demonstrated in patients with
contralateral occlusion, restenosis and surgically inaccessible
lesions (23-25). Although it has been suggested that CAS is
an acceptable (26 -30), if not preferred, alternative to CEA,
the clinical experience has been less enthusiastic. Data
accrued from various centers report a major stroke and death
rate of 4.7% after CAS (30). Others report a “minor” stroke
rate associated with CAS of 6.5% compared with a CEA-
related risk of 0.6% (31). Although these complications may
be lessened through operator experience after an as yet to be
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Abbreviations and Acronyms
ACT = activated clotting time
CAS = carotid angioplasty and stenting
CEA = carotid endarterectomy
CVA = cerebral vascular accident
MRI = magnetic resonance imaging
NIH = National Institute of Health
NASCET = North American Symptomatic Carotid
Endarterectomy Trial
TIA = transient ischemic attack

defined “learning curve” and optimal patient selection, the

theoretical benefits of endoluminal revascularization in
treating symptomatic or asymptomatic carotid stenosis have
not been realized fully or documented in randomized
comparative trials. Indeed, the only published randomized
study of CAS versus CEA was stopped because of the
occurrence of strokes, three of which were considered major,
in five of the seven patients who underwent CAS (32).
The purpose of this prospective, randomized trial was to
compare the efficacy and benefits of CAS with CEA in the
treatment of symptomatic carotid stenosis in a community

hospital.

METHODS

This two-arm randomized clinical trial was approved by the
Institutional Review Board to include patients experiencing
symptoms and/or signs of cerebral ischemia confined to the
ipsilateral internal carotid artery. All patients were informed
that the Food and Drug Administration has not approved
deployment of stents within the carotid artery for the
treatment of carotid stenosis. Patients with symptoms of
vertebral-basilar insufficiency or intracranial occlusive dis-
ease shown by cerebral angiography were excluded. The
inclusion criteria included those sustaining events confined
to the carotid circulation within three months of evaluation;
>70% stenosis of the ipsilateral carotid bifurcation as
determined by the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) (33); anticipated life
expectancy of five years; willingness to complete treatment
within two weeks and ability to sign informed consent.
Exclusion criteria included: National Institute of Health
(NIH) stroke scale of >4; cardiac arthythmia; allergy and/or
sensitivity to aspirin, heparin, ticlopidine or clopidogrel;
history of bleeding diathesis or coagulopathy or history of
intracranial hemorrhage within two months of randomiza-
tion. A total of 104 individuals met these criteria, agreed to
participation and were selected randomly to undergo CEA
(51 individuals) or CAS (53 individuals). The presence of
contralateral total occlusion and/or the angiographic ap-
pearance of the stenotic lesion were not factors in treatment
selection. All patients received 325 mg aspurin and 75 mg
clopidogrel before CAS or CEA. A neurologist (T. C.) and
the research clinical nurse coordinator (L. B.) provided

JACC Vol. 38, No. 6, 2001
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independent oversight and neurologic examination before
and subsequent to each procedure.

Carotid endarterectomy was performed using standard
operative techniques under general anesthesia with intraop-
erative electroencephalogram monitoring. All patients were
observed in intensive care for 24 h.

Carotid angioplasty and stenting was performed using
a standard percutaneous retrograde femoral approach via
an 8F Super-S Arrowflex sheath (Arrow International, Inc.,
Reading, Pennsylvania). After heparinization with 100 u/kg,
carotid angiography was performed with a 5F/125-em VTK
(Cook, Inc.) catheter over a 0.035-in angled-tip glide wire.
Subsequent to guiding angiography, an 0.18-in Steel-core
wire (Guidant-ACS, Inc., Indianapolis, Indiana) was placed
in the external carotid artery for support. The Arrowflex
sheath then was advanced over either the VIK catheter or
the Arrowflex dilator into the common carotid artery.
Activated clotting time (ACT) was maintained >300.
Distal protection was not used in any case. Although not
routinely used, ReoPro (0.25 mg/kg bolus over 20 min
followed by a continuous infusion of 0.125 ug/kg/min for
12 h to a maximum of 10 pg/min) was administered to
three individuals who sustained cerebral vascular accidents
(CVA) with persistent defects (NIH < 4) associated with
ulcerative lesions and possible residual thrombus. In all
cases, the stenosis was crossed using a 0.014-in Sport wire
(Guidant-ACS, Inc.) and placed in the petrous portion of
the internal carotid artery. All stenoses were predilated with
2 4.0 X 20 mm Symmetry balloon (Medi-Tech, BSC, Inc.)
inflated to 8 atms for 5 s before placement of 2 10 X 20 mm
Wallstent (Boston Scientific, Inc.). Postdilation was
completed with an appropriately sized balloon meeting a
balloon:artery ratio of 1:1 by visual estimate. Pan cerebral
angiography was performed before withdrawal of the Ar-
rowflex sheath from the common carotid artery.

A 6F femoral venous sheath was placed at the initiation
of the procedure for placement of a temporary pacemaker if
bradycardia was observed. Systolic arterial pressure was
maintained between 120 mm Hg to 160 mm Hg through-
out the procedure. All patients were admitted and observed
in the neurovascular intensive care for 24 h. The sheaths
were removed when the ACT was <170.

Carotid duplex scanning was performed within 24 h of
either procedure and at 1, 3, 6, 12 and 24 months and
expressed as the ratio of internal carotid artery/common
carotid artery velocity. Sequential neurologic examinations,
Rankin and Barthel scorings were performed concurrent
with Duplex scanning. Magnetic resonance imag‘fng (MRI)
was obtained at 6 and 12 months to detect the presence of
asymptomatic ischemic events in the distribution of the
treated vessel (34).

Perception of pain was assessed in accordance with
guidelines commissioned by the Agency for Health Care
Policy and Research (35). No specific posthospitalization
instructions were provided in reference to activities; each
individual determined return to “full activity.”
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Table 1. Baseline Characteristics of Study Patients

CAS CEA
(n =53) (n =51)

Mean age (yrs) 66.4 (36-78) 69.6 (56-81)
Presenting symptom

Stroke (NIH < 4) 9 8

Transient ischemia 32 33

Amaurosis fugax 12 10
Risk factors

Hypertension 45 48

Diabetes mellitus 19 12

Cholesterol (>200) 34 24

Smoking 38 40

>2 risk factors 38 32 7
Coronary vascular disease 39 31
Family history

Stroke 27 3

Cardiac disease 48 48

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.

Hospital variable costs included operating room or cath-
eterization laboratory, nursing, pharmacy, laboratory and
radiology. Professional charges were not assessed for stent-
ing; hence, no physician’s fees were included in determina-
tion of any costs or charges. Costs/charges for the single
patient requiring amputation necessitated by complications
attendant with femoral artery access were not included.

Results are expressed as average * SEM. Statistical
comparisons were performed using Student # test. Two-way
repeated measures of analysis of variance were used to
compare sequential testing of carotid duplex scanning. A p
value of <0.05 was considered statistically significant.

RESULTS

Demographics. The inclusion criteria, average ages and
numbers of men and women of those randomized for CEA
or CAS were similar (T'able 1). The most common present-
ing event was a TIA. Those sustaining a CVA were
functionally independent (NIH scores of <4 and Barthel
Index >90). No patient experienced speech or comprehen-
sion dysfunction. Risk factors for stroke included hyperten-
sion, elevated cholesterol, smoking and diabetes. More than
two risk factors were observed in more than 50% (70/104) of
patients.

Results of treatment. Most patients (87/104) were treated
within one month (range: 7 to 42 days.) of the presenting
symptom. All received definitive treatment by six weeks.
Diagnostic cerebral angiography indicated the average pre-
treatment stenosis in the CEA group (88.2 * 13.2%) to be
similar (p > 0.05) to the CAS group (82.4 * 7.1%). The
mean cross-sectional diameter as determined by the greatest
stenosis observed on anteroposterior, lateral or oblique
angiographic view was 1.6 * 1.1 mm (range: 0.8 mm to
2.4 mm) in the CAS group and 1.7 = 0.46 mm (range:
1.0 mm to 3.0 mm) in those undergoing CEA. The
contralateral, asymptomatic carotid artery was found to have
<50% stenosis in 70/104 patients, although total occlusion
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Figure 1. Patency of carotid artery before revascularization and after 3, 6,
9, 12, 18 and >24 months expressed as average internal carotid artery/

common carotid artery (ICA/CCA) systolic ratio. CAS = carotid angio-
plasty and stenting; CEA = carotid endarterectomy.

was observed in five and two individuals undergoing CAS or
CEA, respectively. The average postangioplasty and stent-
ing stenosis decreased to 5.0 + 2.7% (range: 0% to 10%).
The 24-month patency of the reconstructed artery remained
satisfactory as determined by carotid ultrasound (Fig. 1). No
MRI evidence of asymptomatic focal cerebral ischemia was
found in any patient (data not shown).

Complications. No patient sustained a CVA, although
one individual died from an immediate postoperative myo-
cardial infarction subsequent to CEA (Table 2). This was
the only procedurally related mortality experienced during
this study. One patient experienced transient confusion
associated with left sensory loss subsequent to postdilation
of the stent that resolved within 10 min with elevation of
the systolic blood pressure. Complications associated with
CEA included wound hematoma requiring re-exploration
(one patient) and peripheral nerve injury manifest as hoarse-
ness (one patient) or lower facial and diminished sensations
in the neck (three patients). These nerve injuries resolved
within three months.

The most common occurrence associated with CAS was
transient bradycardia (7/53) and/or hypotension (12/53)
concurrent with angioplasty as a result of carotid body
stimulation. None persisted more than 24 h. Initially, a

Table 2. Complications

CAS CEA

Death/cerebral ischemia

Death 0 1

Stroke 0 0

Transient cerebral ischemia 1 0
Other

Arterial thrombosis/amputation 1 0

Hematomas requiring treatment 3 1

Cranial/cervical nerve injury 0 4

Bradycardia (temporary pacing) 7 0

Hypotension (requiring treatment) 12 3

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.
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Table 3. Days Length of Hospital Stay*
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CAS

CEA

All patients
Without complications
With complications

5.2 % 11.4 days (1-68)t
1.8 = 0.58 days (1-4)
133 *+ 21 days 3-68)t

3.7 + 3.1 days (1-14)
2.7 % 1.2 days (1-13)
3.8 * 3.5 days (1-14)

*Avg * SEM (range); +Exempting the single patient with major vascular complication, overall length of stay for CAS = 2.6 =
1.6 days. Average length of stay for patients undergoing CAS who experienced other complications = 5.6 * 3.7 days (3-11).
CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.

temporary pacemaker was inserted prophylactically. How-
ever, in efforts to contain cost and due to infrequent use, this
has been abandoned. Currently, severe and/or prolonged

bradycardia and/or flux in blood pressure were treated .

pharmacologically. These events are anticipated and fre-
quently resolve without treatment. Complications associ-
ated with CAS were contingent with femoral artery access
similar to other routine interventional approaches used for
coronary artery disease (36). Retroperitoneal hemorrhage
occurred in the three patients who received the platelet
Hb/1Ma receptor antibody, abciximab (ReoPro, Eli Lilly and
Co., Indianapolis, Indiana) in conjunction with heparin.
This complication can be avoided by adhering closely to
recommendations for the use of heparin with this mono-
clonal antibody provided by the Evaluation in Percutaneous
Transluminal Coronary Angioplasty to Improve Long-term
Outcome with Abciximab Glycoprotein 11a/IIb Blockade
(EPILOG) protocol (37). One individual with previously
undiagnosed advanced generalized peripheral vascular oc-
clusive disease sustained popliteal artery thrombosis, which
necessitated below-the-knee amputation. This was the only
major complication in the CAS group.

Length of hospital stay. The length of hospitalization was
similar for both groups, although those undergoing CAS
without complication tended to be discharged sooner (Table
3). As the study progressed, patients in the CEA group
remained in the hospital for shorter periods, most being
discharged the day after surgery. Forty-four patients (44/53)
in the CAS group (83%) and 34 patients (34/51) in the
CEA group (67%) were discharged from the hospital the
day after the procedure. Excluding the single patient requir-
ing below-the-knee amputation whose hospitalization ex-
tended to 68 days, overall hospital stays tended to be shorter
in the CAS group (2.6 * 1.6 days vs. 3.7 %= 3.1 days).
Nevertheless, complications prolonged hospital care slightly
more in the CAS group (5.6 = 3.7 days vs. 3.8 = 3.5 days).
The primary complication associated with CAS was related
to femoral artery access (3/53), which prolonged hospital-

ization because of continued bed rest and/or transfusion.
Cranial/peripheral nerve injuries associated with CEA
(4/51) did not prolong hospitalization. Hospitalization was
extended secondary to concurrent or subsequent coronary
bypass surgery in five patients. This procedure added an
average of 10 * 2 days to hospitalization. Neither CAS nor
CEA afforded an advantage in terms of shortened stay in
this small group of patients.

Patient’s perception of pain and return to activity. The
perception of pain was similar in both groups; neither
experienced pain beyond a rating of 5/10 (Table 4). Most
symptoms resolved by one month. Return to full activity was
achieved within one week by 43 of the 53 patients under-
going CAS and 34 of the 51 patients randomized to CEA.
All individuals in the CEA group resumed full activity by
one month. However, complications in the CAS group
significantly prolonged convalescence (57 to 120 days).
Cost/charges. Variable costs reflect theactual expenditures
of performing a specific procedure, thus provide an accurate
accounting of CEA and CAS. The total variable costs
associated with CAS and CEA are similar (p = 0.89)
(Table 5). As anticipated, individual hospital costs and
charges resulting from the occurrence of complications
varied widely, although they were higher for the CAS group
secondary to prolonged hospitalization. Charges to patients,
which did not include any professional fees, were higher in
the CAS group (p = 0.01).

DISCUSSION

Endovascular technology has advanced to include treatment
of carotid occlusive disease (23,24,26-29,38). Although
proponents suggest that stenting may be effective in reduc-
ing carotid stenosis, its use has been recommended without
testing its “clinical equipoise” (39) against the standard of
care, endarterectomy. The single published randomized
study designed to address this issue was suspended because
of significant numbers of disabling strokes associated with

Table 4. Perception of Perioperative Pain and Activity

CAS CEA
Pain scale (0~10)
24 h postprocedure (avg) 1.2 (range 0-5) 2.7 (range 0-5)
1 month postprocedure <1.0 (04) <1.0 (0-4)

Return to full activity (average days)
Without complication
With complications

12 days (2-30)
120 days (57-140)

16 days (7-30)
21 days (9-30)

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy.
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Table 5. Comparison of Variable Costs/Patient Charges*
Nursing Cath/OR Pharmacy Lab Radiology Charges (Excluding
Total Costs Costs Lab Costs Costs Costs Doctor Fees)
CAS 4,077 * 460 327+ 39 3,550 + 286 66 * 16 81+ 26 10511 6,653 + 367
CEA 3,415 + 1,289 1,187 = 101 1,159 + 359 470 + 229 7941 108 = 58 5,594 + 166

*Expressed as Avg = SEM.

CAS = carotid angioplasty and stenting; CEA = carotid endarterectomy; OR = operating room.

stenting (32). Other multicenter prospective, randomized
trials comparing CAS with CEA have been suspended (40)
or have yet to be initiated (41). This report presents initial
observations of a clinical trial designed to investigate the
safety and effectiveness of carotid stenting compared with
CEA in treating symptomatic carotid occlusive disease in a
community hospital.

Equipoise of stenting and endarterectomy. Our results
agree that carotid stenting is equally as effective as CEA in
correcting and maintaining postprocedure patency of ca-
rotid stenosis (24,26,28,42). Equipoise is further supported
by MRI, indicating that no asymptomatic ischemic events
occurred in the distribution of the treated vessel subsequent
to either revascularization technique (data not shown). The
occurrence of major or minor stroke or death associated
with CAS or CEA was well within the limits of acceptable
risk delineated by the NASCET (1,4) and Asymptomatic
Carotid Arteriosclerosis study (43) yet markedly differed
from previous reports of nonrandom series indicating a risk
for major or minor stroke associated with CAS approaching
6% (31). Although the “learning curve” for CAS is about 50
cases (31,42), the occurrence rates for serious complications
in series involving an excess of 100 patients is higher than
those associated with CEA (26,28,31,43,44). The low
number of neurologic complications observed in this trial
reflects a “cerebral endovascular team” comprised of neuro-
surgeons possessing skills in endarterectomy and catheter-
based techniques, experienced interventional cardiologists
and neurologists.

Economic issues of carotid stenting versus endarterec-
tomy. Economic evaluation of stroke prevention and treat-
ment is an important factor in the heath care sector
(45—47). Thus, the deference toward evidence-based med-
icine now includes a demand for “cost-effectiveness” of new
and existing technologies. This trial addresses these issues as
characterized by length of hospital stay, the return to full
activity, patient’s perception of pain associated with the
procedure and hospital costs. The occurrence of major or
minor stroke was not observed in this trial regardless of the
revascularization procedure. Thus, in contradistinction to
Jordan et al. (31), these cerebrovascular complications can-
not be deployed in an economic argument favoring CEA
over CAS. Initially, stenting resulted in a shortened hospital
stay with most patients being discharged within 24 h.
However, based on our experience and that of others, that
complications associated with endarterectomy occur within
6 h, a growing tendency toward shorter hospitalization after
CEA has evolved (48-50). Most patients undergoing CEA

are discharged within 24 h. Although, the theoretical
advantage of “early” hospital discharge supposed through
percutaneous technology has yet to be determined, hospital
stay subsequent to CAS may be lessened in the future
through miniaturization of technology and routine use of
arterial closure devices.

As expected, hospitalization is prolonged by procedural
complications. Cranial or peripheral nerve injury or neck
hematomas that are rapidly recognized and appropriately
treated do not influence hospital stay (1,16); however, the
occurrence of clinically significant retroperitoneal hemor-
rthage does prolong hospitalization (36). Although antico-
agulation is necessary, the paradigm used in stenting prob-
ably can be lessened because most cerebral ischemic events
are associated with post-stent dilation, at which time
atheromatous material may be released from the arterial wall
rather than hematologic emboli (51). Routine use of distal
protection devices in conjunction with less anticoagulation
may reduce the risk of both excessive retroperitoneal and
intraprocedural ischemic events. However, the addition of
distal protection devices designed to prevent cerebral em-
bolization of atheromatous material actually may increase
cost/charges.

The evaluation of pain and return to full activity also
judges the economic efficiency of a procedure. The frequent
bias that “open” surgical techniques are less well tolerated in
terms of pain and discomfort than percutaneous approaches
is not supported by this trial. Both procedures seem equally
well tolerated in terms of pain and discomfort. Moreover,
return to full activity was achieved in about two weeks
regardless of the procedure. However, return to full activity
was delayed by complications particularly after CAS. Pain
associated with groin complications is more limiting than
those involving incisions in the neck in terms of active daily
living.

Whereas, this study shows that the effectiveness of CAS
is equivalent to CEA in terms of the ability to correct
symptomatic carotid stenosis without increased risk for
major or minor stroke, fiscal considerations tend go favor
CEA (52). Although pharmacy and “routine” hospital costs
and charges may be similar, expenditures associated specif-
ically with cardiac catheterization laboratories compared
with standard operating rooms are higher. Stents, angio-
plasty balloons, catheters, guiding wires, sheaths and the use
of temporary pacemakers are costly and nonreusable. If the
use of a distal protection device becomes a “standard of
care,” the costs will escalate further. These data suggest that,
from a perspective of an economic evaluation, the potential
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effect gained through percutaneous carotid stenting may be
lessened by increased incremental cost/charges.

Study limitations. This trial is limited to a single institu-
tion, and a select “team” with experience in cerebral vascular
disease and endovascular techniques, thus, cannot advocate
that CAS replace CEA as a primary revascularization
procedure in patients with symptomatic carotid stenosis.
However, it is the first randomized prospective study to
demonstrate that carotid angioplasty and stenting is equiv-
alent to endarterectomy for the treatment of symptomatic
carotid stenosis without added risk for major or minor
stroke. If the economic constraints of incremental costs
associated with stenting can be overcome, this trial indicates
that CAS has reached clinical equipoise with CEA.
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nificantly reduce the risk of stroke in patients with

Carotid endarterectomy (CEA) has been proved to sig-
symptomatic carotid stenosis (19, 43, 48). However, the

CLINICAL STUDIE:

CAROTID ANGIOPLASTY AND STENTING VERSUS CAROTY(
ENDARTERECTOMY FOR TREATMENT OF ASYMPTOMATIC |
CAROTID STENOSIS: A RANDOMIZED TRIAL IN A !
CoMMUNITY HOSPITAL

OBJECTIVE: Carotid endarterectomy (CEA) is effective in reducing the risk of stroke
individuals with more than 60% carotid stenosis. Carotid angioplasty and stenti
(CAS) has been proffered as effective and used in treating individuals with asympto
atic carotid stenosis despite the absence of proven clinical equivalency. This rando

ized trial was designed to explore the hypothesis that CAS is equivalent to CEA fof
treating asymptomatic carotid stenosis.

METHODS: A total of 85 individuals presenting with asymptomatic carotid stenosis o

more than 80% were selected randomly for CAS or CEA and followed up for 4¢
months.

RESULTS: Stenosis decreased to an average of 5% after CAS. The patency of the:
reconstructed artery remained satisfactory regardless of the technique, as determined -
by carotid ultrasonography. No major complications such as cerebral ischemia or..
death occurred. Procedural complications associated with CAS (n = 5) were hypo-':
tension and/or bradycardia; those concomitant with CEA {n = 3) were cervical nerve:
injury or complications related to general anesthesia (n = 4). Both procedures were
well tolerated in the context of pain and discomfort. Hospital stay was similar in the
two groups (mean, 1.1 versus 1.2 d). The occurrence of complications associated with
CAS or CEA prolonged hospitalization by 3 days (mean, 4.0 versus 4.5 d). Return to full
activity was achieved within 1 week by more than 85% of patients; all returned to their
usual lifestyle by 2 weeks. Although hospital charges were slightly higher for CAS,
costs were similar.

CONCLUSION: CAS and CEA may be equally effective and safe in treatlng individuals
with asymptomatic carotid stenosis.

P

KEY WORDS: Asymptomatic carotid stenosis, Carotid angioplasty and stenting, Carotid endarterectomy
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(12, 27). Although some surgical series have achieved compli-
cation rates similar to those of ACAS (17, 54), others have
abrogated these benefits because of excessively higher occur-

role of CEA in asymptomatic carotid stenosis remains contro-
versial, partly because of uncertainty about the natural history
of carotid stenosis treated with aggressive medical manage-
ment alone as well as the inherent risks associated with the
surgical procedure (6, 7, 18, 21, 33, 34, 41, 46). The Asymp-
tomatic Carotid Atherosclerosis Sfudy (ACAS) recorded a sta-
tistical benefit favoring CEA in reducing the risk of stroke if
the combined surgical morbidity and mortality is less than 3%
and the prognosis for healthy life expectancy is at least 5 years

318 | VOLUME 54 | NUMBER 2 | FEBRUARY 2004

rences of major stroke and/or death (10, 18, 22, 26, 31, 33, 37,
55, 58). In addition, minor strokes and other complications
associated with endarterectomy remain significant and often
disabling. Perioperative complications resulting from exacer-
bation of concurrent, asymptomatic cardiac and hypertensive
disease occur in approximately 8% of patients (44). Cranial
and/or cervical nerve injury occurs in 7.6 to 27% of patients
undergoing CEA (5, 51). Thus, in addition to the risk for major
cerebral ischemic complications, CEA has other potential con-
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sequences that require consideration when surgical treatment
is recommended for asymptomatic carotid stenosis.

Carotid angioplasty and stenting (CAS) represents a rela-
tively new technique offering a theoretical advantage of being
less traumatic, safer, and more cost-effective in patients with
asymptomatic carotid stenosis (2, 28, 49, 60). The therapeutic
benefit of CAS has been demonstrated in patients with con-
tralateral occlusion, restenosis, and surgically inaccessible le-
sions (35, 39, 61). However, despite observations that angio-
graphic results comparable to those of CEA are achievable,
major complications in most early CAS series exceeded those
acceptable in the context of ACAS (23, 30, 38, 57); hence, CAS
has been considered unacceptable for routine treatment of
symptomatic carotid stenosis and clearly inappropriate and
unethical for consideration in treating asymptomatic carotid
stenosis (8, 9, 40, 42, 53). Recently, a randomized, prospective
trial comparing CAS with CEA demonstrated clinical equiva-
lence of these procedures for treating symptomatic carotid
stenosis (11). CAS was demonstrated to be equivalent to CEA
without increased risk for such major complications as stroke
or death. Moreover, the shortened hospitalization and conva-
lescence attendant on CAS challenges CEA as the preferred
treatment of symptomatic carotid disease. This prospective
randomized trial compares the efficacy and benefits of CAS
and CEA in the treatment of asymptomatic carotid stenosis in
a community hospital.

PATIENTS AND METHODS

This two-arm randomized clinical trial was approved by
our institutional review board to include asymptomatic indi-
viduals referred for revascularization to the neurosurgical,
neurology, and/or cardiology services and having digital sub-
traction angiography-documented internal carotid stenosis of
more than 80%, as determined by the North American Symp-
tomatic Carotid Endarterectomy Trial (45). Persons with any
symptom of cerebrovascular ischemia were excluded. All pa-
tients were informed that the United States Food and Drug
Administration has not approved deployment of stents in the
carotid artery for treatment of carotid stenosis. The presence of
contralateral total occlusion of the internal carotid artery, the
angiographic appearance (smooth versus ulcerative) of the
stenotic lesion, or the presence of an intracranial aneurysm
was not a factor in treatment assignment. In addition to an-
giographic criteria, inclusion criteria included an anticipated
life expectancy of 5 years, willingness to complete treatment
within 1 month, and ability to sign an informed consent.
Exclusionary criteria included allergy or sensitivity to aspirin,
heparin, or clopidogrel; a history of bleeding diathesis or
coagulopathy; or cardiac arrhythmia.

A total of 85 individuals met these criteria in the initial year
of the trial, agreed to participate, and were selected randomly
to undergo CEA (42) or CAS (44); the patients were evaluated
sequentially for 48 months. All patients received 325 mg as-
pirin and 75 mg clopidogrel before CAS or CEA. A neurologist
(TLC) and a clinical coordinator (LB) provided neurological
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examinations and independent oversight before and after each
procedure and at specified intervals in conjunction with ca-
rotid duplex scanning.

CEA was performed by standard techniques under general
anesthesia with electroencephalographic monitoring. All pa-
tients were observed in the intensive care unit after surgery.

CAS was performed as described previously (11). Conscious
sedation was not used. Activated clotting time was main-
tained at more than 250 seconds. Distal protection devices
were not used. All lesions were predilated before placement of
either a 10 X 20-mm Wallstent (Boston Scientific/Medi-tech,
Natick, MA) or a 10 X 38-mm Dynalink (Guidant Corp.,
Indianapolis, IN) stent (kindly provided by the manufactur-
ers). Postdilation was completed with an appropriately sized
balloon meeting a balloon-to-artery ratio of 1:1 by visual esti-
mate. Ipsilateral cerebral angiography was performed before
withdrawal of the sheath from the common carotid artery.

Carotid duplex scanning was: performed within 24 hours
and at specified intervals and expressed as the ratio of internal
carotid artery to common carotid artery velocity. Rankin and
Barthel scorings and independent neurological evaluations
were performed concurrently with sequential duplex exami-
nations. Inversion recovery magnetic resonance imaging was
performed on all patients the day after either procedure.

Perception of pain was assessed as described previously (11,
36). No specific posthospitalization instructions were pro-
vided in reference to activity; each patient determined return
to “full activity.” Hospital variable costs included operating
room or catheterization laboratory, pharmacy, nursing, labo-
ratory, and radiology. Professional fees were not assessed for
CAS; hence, no physician’s fees were included in computing
costs/charges.

Results are expressed as average * standard error of the
mean. Statistical comparisons were performed with Student’s
t test. Two-way repeated-measures analysis of variance was
used to compare sequential testing of carotid duplex scanning.
A value of P < 0.05 was considered significant.

RESULTS

The average ages, numbers of women and men, and risk
factors for stroke of those randomized for CEA or CAS were
similar (Table I). Risk factors for stroke included hypertension,
smoking, elevated cholesterol level, and diabetes. More than
two risk factors and family history of symptomatic cerebro-
vascular or coronary vascular disease were present in most
individuals (81 of 85 patients).

Results of Treatment

Treatment was completed in all individuals within 4 weeks
after randomization. Diagnostic cerebral angiography indi-
cated the average pretreatment stenosis in the CEA group
(85.6 * 3.5%) to be similar (P > 0.05} to that in the CAS group
(86.3 * 3.5%). The mean cross sectional stenosis observed on
anteroposterior, lateral, or oblique angiographic view was 1.4
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TABLE 1. Baseline characteristics of patients’

CAS CEA
(n = 43) (n = 42)

Mean age, yr (range) 66.6 (49--85) 69.9 (48-84)

Risk factor

Hypertension 35 41
Smoking 40 37
Coronary vascular disease 35 20
Diabetes mellitus 7 5
Cholesterol (>200 mg/dl) 9

Family history of stroke/coronary 40 41
vascular disease

>2 risk factors 39 37

* CAS, carotid angioplasty and stenting; CEA, endarterectomy.

+ 0.6 mm (range, 0.8-3.2 mm) in the CEA group and 1.6 = 0.3
mm (range, 1.0-3.1 mm) in those undergoing CAS. The aver-
age untreated contralateral carotid artery stenosis was 33.3 =
10.6% in the CEA group and 45.0 * 21.0% in the CAS group;
total occlusion was observed in three and four individuals
undergoing CEA and CAS, respectively. The average postpro-
cedural stenosis for CAS decreased to 5.0 = 3.5% (range,
0-15%).

The 48-month patency of the reconstructed artery, regard-
less of technique, remained satisfactory as determined sequen-
tially by carotid ultrasonography and expressed as the internal
carotid artery to common carotid artery ratio of peak systolic
velocity (Fig. 1). During the follow-up period (48 mo), no
individual in either group experienced symptoms of cerebral
ischemia.

Complications

There were no procedurally related transient cerebral isch-
emic events, strokes, or deaths (Table 2). No evidence of
asymptomatic focal cerebral ischemia was found in any pa-
tient after treatment as determined by fluid-attenuated inver-
sion recovery magnetic resonance imaging (data not shown).
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FIGURE 1. Graph showing patency of carotid artery before revasculariza-
tion and after 24 hours and monthly intervals expressed as average inter-
nal carotid artery to common carotid artery (ICA/CCA) systolic ratio.
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TABLE 2. Complications®

CAS CEA
Stroke/TIA 0 0
Cervical nerve injury NA 3
Bradycardia/hypotension 5 0
Related to anesthesia NA 4

4 CAS, carotid angioplasty and stenting; CEA, endarterectomy; TIA, tran-
sient ischernic attack; NA, not applicable.

Five patients required treatment for marked bradycardia and
hypotension concurrent with angioplasty as a result of carotid
body stimulation. All responded to pharmacological manage-
ment. Placement of a cardiac pacemaker was not required in
any individual. There were no complications associated with
femoral artery access. Complications associated with CEA
were limited to cervical nerve injury, manifested as dimin-
ished sensation in the mandible or neck. These symptoms
resolved within 3 months. One patient developed atrial fibril-
lation after CEA. Three patients experienced minor complica-
tions related to general anesthesia, e.g., nausea, vomiting, or
general malaise.

Length of Hospital Stay

The overall length of hospital stay was similar for the two
groups (Table 3). Thirty-seven of 43 patients in the CAS group
and 32 of 42 patients in the CEA group were discharged the
day after the procedure. None were discharged the day of the
procedure. Forty (93%;) of the 43 individuals undergoing CAS
and 38 (90%) of the 42 in the CEA group were discharged from
the hospital within 48 hours. Cervical nerve injury associated
with CEA did not prolong hospitalization, although side ef-
fects of general anesthesia and the single occurrence of atrial
fibrillation resulted in extended stays (mean, 45 * 6.4 d).
Complications associated with CAS prolonged stay because of
continued bed rest and/or adjustments of antihypertensive
medicines (mean, 4.0 * 3.0 d). Neither CAS nor CEA afforded
a decisive advantage in terms of shortened hospital stay.

TABLE 3. Length of hospital stay?
Days, mean (range)

CAS CEA

All patients 1.5*08(1-100 1.7 £2.50-14)

Without complications 1.1 £ 0.35 (1-2) 1.2 £0.42(1-2)

With complications 40302100 45%6.4(1-14)

#Values are average * standard error of the mean (range); CAS, carotid
angioplasty and stenting; CEA, carotid endarterectomy.
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Perception of Pain and Return to Activity

Perception of pain was similar; rieither group experienced
pain rated higher than 5 on a scale of 0 to 10 (Table 4). Few
patients (CAS, 3 patients; CEA, 2 patients) indicated the pres-
ence of discomfort beyond 1 month. Typically, return to full

% . activity as determined by the individual patient was achieved

E

within 1 week but was prolonged slightly when complications
occurred. No significant differences were observed with re-
spect to return to full activity.

Costs/Charges

Variable costs reflect the actual hospital expenditures of
performing a specific procedure and thus provide an accurate
accounting of hospital cost for providing CEA or CAS. The
total variable costs generated by CAS and CEA are similar (P
= 0.79) (Table 5). These data indicate that the hospital expen-
ditures attendant on these procedures do not favor either one.
Actual charges to patients, which did not include any profes-
sional fees, were slightly higher in the CAS group (P = 0.04).

DISCUSSION

Endovascular treatment of carotid disease is rapidly
gaining popularity as an alternative to endarterectomy (2,
16, 24, 49, 56, 59, 60). Despite the enthusiasm and the
obvious advantage over CEA by avoiding a neck incision
and dissection of the carotid bifurcation, only a single pro-
spective, randomized trial has demonstrated the equiva-
lence of these procedures in the treatment of symptomatic
carotid stenosis (11). Although the Carotid and Vertebral
Artery Transluminal Angioplasty Study reported similar
success and complication rates for CEA and angioplasty,
stents were deployed in only 26% of cases (13). More re-
cently, a randomized comparison of CEA with CAS using a
distal protection device in high-risk patients (59) has re-
ported that CAS is superior to CEA in treating carotid

TABLE 4. Perception of perioperative pain and activity?

Mean (range)

CAS CEA
Pain scale (0-10)
24 h postprocedure 1.1 (0-4) 2.0 (0-5)
(average)
1 mo <1.0(0-3) <1.0(0-3)
postprocedure
Return to full activity
(average days)
Without 6.5 £2.8(3-14) 83 £35(4-14)

complications

With complications 8.6 * 5.9 (6-15) 9.8 + 6.1 (4-18)

# CAS, carotid angioplasty and stenting; CEA, endarterectomy.
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stenosis in both symptomatic and asymptomatic individu-
als. Although the 30-day death or stroke complication rates
of CAS (5.8%) in asymptomatic individuals were indeed
lower than those of CEA (6.8%), neither was within the
constraints of ACAS. The occurrence of transient cerebral
ischemia (CAS, 3.8%; CEA, 2.0%) was similar for the two
groups. Other multicenter trials comparing CAS with CEA
in symptomatic patients either have failed to show equiva-
lence (42) or have been suspended (1). Despite the absence
of confirmatory multicenter randomized trials demonstrat-
ing the therapeutic equivalence of CAS and CEA for treat-
ment of symptomatic carotid stenosis, carotid stents have
been deployed in large numbers of asymptomatic individ-
uals (2, 38, 49, 59, 60). Thus, carotid stenting has been
recommended and used despite the conspicuous absence of
demonstrated “clinical equipoise” (20) of CAS and CEA in
the management of asymptomatic individuals with critical
carotid stenosis. This clinical trial was designed to address
this issue by assessing the safety and effectiveness of ca-
rotid stenting compared with CEA in treating asymptom-
atic carotid occlusive disease in a community hospital.

The results of this trial are comparable to those of our
previous study (11) and others (2, 49) indicating that carotid
stenting and CEA are equally effective in correcting and main-
taining postprocedure patency of the treated carotid artery.
The occurrence of major complications associated with CAS or
CEA was well within the constraints of risk prescribed by the
ACAS (17, 27). Moreover, the absence of any cerebral ischemic
event in the CAS patients differs from previously reported
nonrandom series that found a risk for minor stroke approach-
ing 6% (30, 57, 59). The notable reduction of neurological
complications in this and the previous trial may reflect the
advantages of developing a cerebrovascular interventional
team consisting of neurosurgeons, neurologists, and interven-
tional cardiologists who possessed experience in cerebrovas-
cular disease as well as surgical and interventional skills be-
fore initiating a community hospital-based program providing
CAS as a treatment choice for carotid stenosis. Given the
difficulties and controversies in proper patient selection for
treating asymptomatic carotid stenosis, a team approach is
important to avoid selection bias and to provide the best
medical and /or surgical management before and after CAS or
CEA.

In addition to safety and effectiveness, cost constraints
and economic evaluation of any prescribed protocol de-
signed to lessen the prevalence of stroke are important
factors in the healthcare sector (3, 14, 15, 25, 50, 52). Issues
of cost-effectiveness can be addressed by comparing the
length of hospital stay and patient perception of pain in
addition to hospital costs and charges associated with these
procedures. Although Al-Mubarak et al. (2) have reported
the safety and short-term results of ambulatory carotid
stenting, the majority of patients (approximately 70%} still
required hospitalization, indicating that same-day dis-
charge is not as yet appropriate. In the present trial, most
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TABLE 5. Comparison of variable costs/charges”

Catheterization laboratory/

i i | h =

operating room Nursing Laboratory Radiology Pharmacy Tota Charges
CAS 2772 £ 410 400 % 86 55 %6 92 =4 55*6 3600 * 422 6447 * 325
CEA 1089 * 554 1059 £ 89 70 = 4 109 = 16 629 = 43 3969 £ 557 5371 £ 112

2 Physician fees excluded. CAS, carotid angioplasty and stenting; CEA, carotid endarterectomy.

patients without procedure-related complications were dis-
charged the day after CAS or CEA. Although complications
associated with CAS and CEA generally occur within 6
hours after either procedure (25, 47, 50), at present, outpa-
tient procedures for treatment of carotid stenosis should be
carefully scrutinized before they are accepted as standard
care. The goals of treating asymptomatic carotid stenosis by
CAS must remain centered on safety and effectiveness; the
postprocedure length of stay should not become the major
end point of efficacy analyses.

As expected, procedural complications slightly prolonged
hospitalization. Although no major adverse occurrences
were experienced in this study, complications specifically
associated with endovascular procedures, e.g., femoral ar-
tery thrombosis/embolism or retroperitoneal hemorrhage
(32), or with endarterectomy, e.g., wound hematoma or
cranial nerve injury, can occur and prolong hospitalization.
Minor complications associated with CAS were typically
confined to bradycardia and hypotension secondary to ca-
rotid sinus stimulation after stent placement and poststent
dilation. Although not uncommon, this cardiovascular ef-
fect usually is transient or responds rapidly to pharmaco-
logical intervention (47). Nevertheless, patients may require
prolonged hospitalization to accommodate to lower blood
pressures and /or changes in antihypertensive medications.
Interestingly, some patients continued to manifest normal
blood pressures without resuming antihypertensive medi-
cation. Common complications of cervical nerve injury as-
sociated with CEA typically did not affect hospitalization.
Those individuals who experienced side effects of general
anesthesia, however, did require extra hospitalization.
Thus, minor complications associated with either CAS or
CEA similarly prolong hospitalization, albeit minimally.
Although individuals undergoing CAS tended to be dis-
charged earlier than the CEA group, at present, CAS cannot
be claimed to have an advantage of a predictable shortened
hospital stay compared with endarterectomy.

Other important factors to be considered in preventive
therapy are the individual’s perception of pain and discom-
fort associated with any procedure and the duration of
recovery until resumption of full, unrestricted activities.
Although it has been suggested that CAS affords less dis-
comfort and facilitates a rapid return to normal function (2,
56), the present study indicates that the degree of pain and
return to previous lifestyles are similar. Patients undergo-

322 | VOLUME 54 | NUMBER 2 | FEBRUARY 2004

——)

ing CAS seemed to have less postprocedural pain, yet the
difference was not dramatic. In addition, the CAS group
tended to experience a return to full activity more rapidly
than those in the CEA group. However, the differences
observed between the two procedures were too small to
strongly favor one over the other.

These data support the claim that CAS and CEA are equiv-
alent in reducing carotid stenosis and maintaining patency,
with similar risks and postoperative outcome. However, fiscal
considerations tend to favor CEA (11, 29). The actual hospital
expenditures required for providing these procedures are sim-
ilar, yet the charges generated were higher for CAS. Indeed,
costs and charges may increase in the future if the use of distal
protection devices becomes an integral component required
for successful, uncomplicated CAS (4, 56, 59). Perhaps the
costs of expendables required for angioplasty and stenting
will decrease as this technique becomes more customary. At
present, however, an argument that endovascular therapy is
less expensive than endarterectomy is untenable.

Although this trial, limited to a single institution, has
demonstrated that CAS can achieve parity with the “gold
standard,” endarterectomy, for the treatment of asymptom-
atic carotid stenosis, the results must be interpreted with
restraint. This study cannot and does not advocate that CAS
replace CEA as the treatment of choice for asymptomatic
carotid stenosis, nor is it empowered to address the issues
of the indications for treating this condition. A multicenter
randomized trial comparing the risks and benefits of CAS
with medical management of asymptomatic carotid stenosis
is required before stenting truly can meet the standards
required by ACAS. Although the current trial indicates that
at 43 months, CAS maintains carotid patency equal to that
achieved by CEA, longer sequential follow-up is necessary
to provide irrefutable evidence that the two carotid revas-
cularization procedures are equivalent in maintaining ca-
rotid patency. Moreover, it must be emphasized that no
revascularization procedure, CEA or CAS, is warranted in
the management of asymptomatic carotid stenosis if the
procedural risks of the institution and operator exceed 3%.
Nevertheless, despite these reservations, this trial indicates
that a select cerebrovascular team with surgical and endo-
vascular experience in cerebrovascular disease may be ef-
fective in treating asymptomatic carotid stenosis with re-
sults similar to those achieved via CEA.
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Brooks et al. report a randomized trial of asymptomatic
patients with carotid stenosis who underwent either ca-
rotid endarterectomy (CEA) or carotid angioplasty and stent-
ing (CAS). In this small series, both treatments seemed to be
equally effective in establishing normal flow in the carotid
artery. No significant complications were reported in either
treatment arm, and no restenosis was seen in either treatment
arm. The excellent results in this series attest to the high level
of skill and experience of the surgeons and interventionalists
who performed these procedures. In this group of patients,
one or two major complications could have affected the sta-
tistical conclusions significantly. Therefore, although these re-
sults suggest that both methodologies are clearly useful in
treating patients with carotid artery stenosis, this comparison
may not be generalizable to the practice patterns of physicians
at low-volume medical centers.

Robert A. Solomon
New York, New York

he authors present the results of a single-center randomized
trial in which CEA was compared with CAS in a group of 85
asymptomatic patients. No patients in either group experienced
ischemic symptoms in the periprocedural period or during 48
months of follow-up. Given the low risk of stroke in patients with
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asymptomatic carotid stenosis (2.2%/yr with medical therapyil
observed in the Asymptomatic Carotid Atherosclerosis Study )4
it is difficult to make inferences about the efficacy of eithe}
treatment in a patient population of this size. The data presenteq 4
are encouraging. However, the results of larger multicenter triy) §
are needed to draw meaningful conclusions about the relatiye §

efficacy and safety of CAS compared with CEA.
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Brooks et al. describe their experience in a small, randomized
study of 85 individuals who presented with asymptomatic ste-
nosis greater than or equal to 80%. Patients were selected randomly
to undergo CAS or CEA under an Institutional Review Board-
approved protocol and were followed for 48 months. The authors’
hypothesis was that CAS is equivalent to CEA in the treatment of
patients with asymptomatic carotid stenosis.

The results are remarkable in that CAS could be performed
in all patients who were randomized to have that procedure.
Five procedural complications occurred within the CAS
group; however, none were related to either temporary or
significant neurological events. The length of hospital stay was
virtually identical in both groups, although hospital charges
were slightly higher in the CAS group.

The number of patients studied in this article is small, but the
results are certainly provocative. In view of the fact that neuro-
surgeons are still trying to address the question whether CAS is
a durable and statistically significant procedure in the treatment
of symptomatic stenosis as part of the Carotid Revascularization
Endarterectomy versus Stent Trial (1), Brooks et al. have taken it
one step further into the asymptomatic population.

One certainly cannot argue with the authors’ results, which
indicate that CAS was equivalent to CEA in their patients.
Remarkably, the perioperative complication rates were ex-
tremely low in both groups. Caution should be exercised,
however, and as the authors themselves state, the results of
this small study cannot be generalized to all centers.

Several key points in the Discussion are worth reiterating. The
goals of treating asymptomatic carotid stenosis with CAS must
remain centered on safety and effectiveness, not length of stay,
and although cost is an issue, it should not be the determining
factor in selecting the mode of treatment. The authors also make
an important point when they state, “This study cannot and does
not advocate that CAS replace CEA as the treatinent of choice for
asymptomatic carotid stenosis, nor is it empowered to address
the issues of the indications for treating this condition.” In addi-
tion, as the authors appropriately point out, “It must be empha-
sized that no revascularization procedure, CEA or CAS, is war-
ranted in the management of asymptomatic carotid stenosis if the
procedural risks of the institution and operator exceed 3%.” Only
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ger studies will determine its true efficacy and durability as a
troke reduction procedure.

Robert H. Rosenwasser
Philadelphia, Pennsylvania

/1, Hobson RW II: CREST (Carotid Revascularization Endarterectomy versus
Stent Trial): Background, design, and current status. Semin Vasc Surg 13:
139143, 2000.

rooks et al. have conducted a randomized, prospective trial
Bcomparing CAS with CEA in asymptomatic patients with
significant carotid stenosis. Both procedures were effective in
decreasing or eliminating the stenosis, and in no case was recur-
rent stenosis found during follow-up. The hospital stay and costs
associated with both procedures were similar. Few complications
-~ occurred in both groups. Of note, there were no instances of
transient ischemic attack or stroke in either treatment arm, and
no distal protection device was used. It is interesting that there
were no significant differences in either hospital stay or cost.
These results support the authors” claim of clinical equipoise
between the two treatment methods at the authors’ institution
and in the patient population studied. Of course, as the authors
correctly note, long-term follow-up is necessary to establish the
durability of CEA. A randomized trial comparing CAS with
4~ medical therapy for patients with asymptomatic but significant
7 = carotid stenosis is needed. Nonetheless, this report is an impor-
tant contribution to the growing literature indicating that CAS,
when performed by experienced surgeons and in carefully se-
lected patients, is a safe and effective alternative to surgery.

Sean Cullen
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Interventional Neuroradiologists
San Francisco, California
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CAROTID STENTING VERSUS ENDARTERECTOMY

he authors report the results of a randomized trial of CAS

versus CEA performed at a single center. A total of 85
patients with asymptomatic, greater than 80% cervical carotid
artery stenosis underwent either CAS or CEA. Distal protec-
tion was not used. The patients were followed for 48 months,
and outcomes were determined in terms of angiographic re-
sults (for patients who had CAS), complications, procedural
discomfort, hospital stay, hospital charges, stroke or transient
ischemic attack, and return to full activity. There were no
occurrences of stroke or transient ischemic attack in any pa-
tient during the periprocedural course or during the 48-month
follow-up period. Complication rates for both procedures
were reasonably low, which is particularly notable, given that
distal protection devices were not used for the CAS proce-
dures. Vessel patency, as measured by carotid duplex scan-
ning, was preserved in all patients during the follow-up
period.

This study ‘is timely and important and was conducted
well. A single team consisting of a neurosurgeon and an
interventional cardiologist performed the procedures. A
neurologist performed neurological examinations. The pri-
mary drawback of the study is the relatively small number
of patients studied. Although this study has value as one of
the first randomized trials to compare CAS with CEA per-
formed in asymptomatic patients, a much larger sample
size is required to determine with any degree of statistical
certainty whether complication rates and outcomes associ-
ated with the two procedures are comparable. A wide array
of randomized trials and registries that should answer this
question are currently under way.

Mark R. Harrigan
L. Nelson Hopkins
Buffalo, New York

Future Meetings—Congress of Neurological Surgeons

The following are the planned sites and dates for future annual meetings of the

October 16-21
October 8-13
October 7-12
September 15-20

Future Meetings—American Association of
’ Neurological Surgeons ‘

The following are the planned sites and dates for future annual meetings of the
American Association of Neurological Surgeons:

2004 Orlando, FL May 1-6
2005 New Orleans, LA April 16-21
2006 San Francisco; CA April 22-27
2007 Washington, DC

April 14-19
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