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EPIDEMIOLOGY OF CAROTID DISEASE AND STROKE

The percentage of ischemic strokes resulting from atherosclerotic debris that
embolizes from the extracranial carotid artery into the cerebral circulation is
20% to 30%.1% Atherosclerosis results from the adverse impact of modifiable
risk factors, resulting in inflammation within the circulatory system that causes
endothelial injury whose end result is calcium deposition within the arterial wall.
These risk factors for developing carotid atherosclerotic disease include smok-
ing, hypertension, hypercholesterolemia, and diabetes.

Smoking is well established to be strongly associated with the development of
carotid atherosclerotic disease. In the comparison of age-matched non-smokers,
former smokers, and current smokers, the prevalence of clinically significant
carotid disease (>50%) was seen in 4.4%, 7.3%, and 9.5% (p<0.0001), respec-
tively.? For every 20 mm Hg increase in systolic blood pressure, the odds ratio
of developing moderate carotid stenosis is 2.11. Additionally, every 10 mg/dL
increase in serum cholesterol level was associated with an odds ratio of 1.10 for
developing hemodynamically significant carotid stenosis.?

The prevalence of carotid stenosis varies with geographic location due to cul-
tural, genetic, and socioeconomic differences. The southeastern part of the
United States has been coined the “stroke belt” because adjusted stroke rates
have been shown to be 10% higher than the national average.* Nevertheless, the

contribution of carotid artery disease to this increased stroke incidence has not
been well defined.’
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CAROTID ARTERY IMAGING IN THE DIAGNOSIS
OF CAROTID DISEASE

The diagnostic tools used to image the carotid arteries are duplex ultrasonogra-
phy (DUS), computed tomography angiography (CTA), magnetic resonance
angiography (MR A), and digital subtraction angiography (DSA). The majority
of vascular surgeons perform carotid surgery solely from the information pro-
vided by the DUS if the performing lab has demonstrated duplex accuracy com-
mensurate with the accrediting bodies that oversee noninvasive vascular
laboratories. In the vast majority of cases, this is reasonable and appropriate, and
further imaging would not add useful information to the treatment algorithm. In
certain instances of discordant information (e.g., significant visualized internal
carotid stenosis without velocity elevation or global velocity reductions), or if the
planned procedure is carotid stenting, a noninvasive imaging procedure should
be performed—either CTA or MR A, depending upon the institution-specific
accuracy of the respective modality. Although invasive, DSA remains the gold
standard for carotid imaging, but it should rarely be required solely for diagnostic
purposes. Prior to carotid stenting, CTA and MRA allow assessment of the
carotid artery from the aortic arch to the carotid siphon and intracranially and
thus are recommended to be performed prior to all procedures.

CAROTID REVASCULARIZATION FOR STROKE PREVENTION

Carotid Endarterectomy

Carotid endarterectomy (CEA) is arguably the most successful and most rigor-
ously studied surgical procedure in the history of American surgery. First per-
formed in the 1950s, it ranks as one of the most commonly performed peripheral
arterial procedures performed in the United States. The initial success in sur-
gical revascularization of the carotid bifurcation was performed by Carrera,
Eastcott, Pickering, and Robb in 1954. Controversially, DeBakey reported that
he performed the first CEA in 1953, yet it was not published at the time.® In
the aftermath of several early clinic trials, CEA became extremely popular,
despite criticism from the neurology community, because superiority of sur-
gery over medical therapy had not been definitively established. Rates of CEA
appropriately diminished throughout the vascular community after the publi-
cation of several studies demonstrating that the rates of complications of carotid
endarterectomy were excessive.” These concerns resulted in the design and exe-
cution of several landmark randomized trials in the 1990s under an indepen-
dent neurological audit that established the role of CEA versus medical treatment
for stroke prevention in symptomatic patients (e.g., those presenting with carotid
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stenosis and an ipsilateral stroke, transient ischemic attack [TIA] or amarosis
fugax). These trials—primarily, North American Symptomatic Carotid End-
arterectomy Trial (NASCET) and European Carotid Surgery Trial (ECST)—
showing benefit from carotid endarterectomy were associated with a dramatic
resurgence in the rates of the procedure.

The ECST and NASCET trials were the first to show that CEA was highly
beneficial in those with 270% stenosis (absolute risk reduction of 16.0%, p < 0.001)
and a slight but significant benefit in those with 50% to 69% stenosis (absolute
risk reduction of 4.6%, p=0.04); the results are summarized in Table 12.1.% Criti-
cally, the benefit in stroke reduction from CEA relates to the complication rate
of the procedure. Reported benetits for NASCET and ECST were predicated
on the perioperative risks of stroke or death of 7.5% in the ECST and 6.5% in
the NASCET. If major stroke and death rates exceed this by any degree, all
benefit from carotid revascularization with CEA is lost.” The best outcome to
date regarding the efficacy of CEA in symptomatic patients was seen in the
Carotid Revascularization Endarterectomy Versus Stent Trial (CREST), where
at 30 days, the rate of stroke and death rate was 3.2%."°

Despite these admirable results for CEA in the symptomatic cohort, a major
criticism centered on how the rigorous selection of patients included in these
trials did not represent a “real-world” population of those individuals largely
undergoing CEA. The coexistence of coronary artery disease and/or congestive
heart failure (CHF) increases mortality after any vascular surgical procedure.

TABLE 12.1 Comparison of the results of the ECST and NASCET trials stratified by degree of stenosis for

symptomatic patients
Relative Perioperative
Medical Surgical Risk risk No stroke and
Numberof  risk (%) risk (%)  difference  reduction needto  deathrate
Degree stenosis patients  at2years  at2years (%) (%) treat* (%)
70%-99% NASCET 659 214 8.6 12.8 60 8 58
70%-99% ECST 501 199 7.0 129 65 8 5.6
50%-69% NASCET 858 14.2 9.2 5.0 35 20 71
50%-69% ECST 684 9.7 1M1 -14 -14 — 9.8
<509% NASCET 1368 11.6 101 1.5 13 67 6.5
<50% ECST 1882 4.3 9.5 =52 -109 — 6.1

Source: Adapted from Reference 8.
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The aforementioned trials excluded patients with unstable angina, myocar-
dial infarction in the prior 6 months, CHF, and active coronary disease requir-
ing revascularization.!! Other factors resulting in exclusion from these CEA
trials centered on factors related to the actual surgical site: prior endarterectomy,
prior neck dissection or radiation, and surgically inaccessible high or low
lesions. Patients with contralateral carotid occlusions were also thought to be
problematic because they were felt to have an increased the risk of stroke with
CEA. Individuals with one or more of these commonly present conditions would
have been denied entry into trial; thus, information regarding the outcome
with carotid revascularization via CEA in this “high-risk” population was
lacking, resulting in the evolution of the less invasive, non-surgical technique

12

of carotid angioplasty and stenting (CAS)

Carotid Angioplasty and Stenting

First performed by Matthias in 1994, CAS as treatment for carotid stenosis has
witnessed a historical progression very similar to CEA, with subsequent trials
producing improved results as more knowledge is acquired regarding patient
selection and as technological improvements are made (see Figure 12.1). Although
currently approved by the U.S. Food and Drug Administration (FDA) for treat-
ment of moderate-risk patients with carotid disease, the Centers for Medicare
and Medicaid Services (CMS) has maintained approval of reimbursement only
for those individuals with symptomatic, >70% lesions with a “high-risk” qualify-
ing condition. The high-risk criteria are Class III/IV congestive heart failure, left
ventricular ejection fraction <30%, open heart surgery within 6 weeks, recent
myocardial infarction (>24 hours to <30 days), unstable angina: Class III/1V,
concurrent requirement for coronary revascularization, severe pulmonary dis-
ease, contralateral carotid occlusion, previous radiation to head/neck, previous
CEA, age >80 years, and surgically inaccessible lesions."

The primary limitation for performing CAS is unfavorable anatomy.!* Unfa-
vorable aortic arch types, vascular anomalies such as bovine anatomy, proximal
and distal tortuosity, and other specific arterial lesions can reduce success with
this approach, leading to an increase in adverse outcomes.!>!® Although most
CEAs are performed with duplex ultrasound alone, pre-procedure imaging
such as CTA or MR A should be performed on all patients being considered for
CAS to establish favorable anatomy prior to invasive angiography, to improve
patient selection, and to avoid the risks of angiography in those who are poor
candidates for CAS.

The initial major trials regarding the efficacy of carotid stenting were per-
formed in a patient population that would not have met the entry criteria for
NASCET or ECST due to one of the preceding disqualifying conditions. Both
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FIGURE 12.1 Carotid stenting outcome improvement over time

Source: Adapted from Dr. Thomas Brott and the CREST investigators.

the ACCULINK for Revascularization of Carotids in High Risk Patient
(ARCHER) and the Stenting and Angioplasty with Protection in Patients at
High Risk for Endarterectomy (SAPPHIRE) trials established carotid stenting
as a feasible revascularization modality for carotid disease in a selected minority
of patients deemed high risk for CEA. The two major studies comparing CEA
and CAS in the low- to moderate-risk population are the International Carotid
Stenting Study (ICSS) and the CREST trial. Both trials compared carotid end-
arterectomy with stenting in patients eligible for either procedure.

ICSS was a multicenter, international, randomized controlled trial comparing
carotid artery stenting with carotid endarterectomy in patients with recently
symptomatic carotid stenosis; the results are summarized in Table 12.2.% The
trial enrolled 1,713 patients, with 855 randomized to stenting and 858 ran-
domized to surgery. The incidence of stroke, death, or procedural myocardial
infarction was 8.5% in the stenting group compared with 5.2% in the endar-
terectomy group (HR 1.69, 1.16-2.45, p=0.006). Risks of any stroke and all-
cause death were higher in the stenting group than in the endarterectomy group.
The difference was driven largely by minor strokes yet was offset by a higher
frequency of cranial nerve palsy with endarterectomy. The authors concluded
that carotid endarterectomy should be the treatment of choice for suitable
patients with recently symptomatic carotid artery stenosis. Although ICSS con-
cluded that endarterectomy should be the treatment of choice, there was an
inference that some individuals may be better suited for carotid stenting. This
inference was substantiated and supported by CREST.!°
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TABLE 12.2 ICSS: 120-day interim safety results

Carotid
Stenting group, endarterectomy Hazard ratio
Endpoint number (%) group, number (%) (95% (1) p-Value
Disabling stroke or death 34 (4.0) 27 (3.2) 1.28 (0.77-2.11) 0.34
Stroke, death, or procedural Ml 72 (8.5) 44 (5.2) 1.69 (1.16-2.45) 0.006
Any stroke 65 (7.7) 35@4.) 1.92 (1.27-2.89) 0.002
All-cause death 19 (2.3) 7 (0.8) 2.76 (1.16-6.56) 0.017

Source: Adapted from Reference 8.
Note: (I = confidence interval; ICSS = International Carotid Stenting Study; Ml = myocardial infarction

CREST was a multicenter trial supported by the National Institutes of Health.
The study included symptomatic (>50% stenosis) and asymptomatic (>70% ste-
nosis) patients. As the largest study on carotid revascularization, which enrolled
2,500 patients from 126 sites throughout North America, a major hallmark of
CREST was the most rigorous operator/surgeon entry criteria to date. Sites
could not enroll in the trial until the operators performing carotid artery stent-
ing and carotid endarterectomy had been approved and certified by the inter-
ventional and surgical management committees, respectively. Certification was
achieved by 477 surgeons, whose clinical outcomes were audited by means of a
detailed, rigorous selection process documenting that they performed more
than 12 procedures per year with rates of complications and death less than 3%
among asymptomatic patients and less than 5% among symptomatic patients. A
total of 225 interventionists were approved after satisfactory evaluation of their
endovascular experience and carotid-stenting results, participation in hands-
on training, and participation in a lead-in phase of training.!® All centers
were required to have a team consisting of a neurologist, a surgeon, and an
interventionist.

The results demonstrated no significant differences with regard to the com-
bined primary endpoints of stroke, death, and myocardial infarction (MI) with
CAS or CEA (7.2% vs. 6.8%, p=0.51) (see Table 12.3). Notwithstanding, peri-
procedural strokes in the CAS group were significantly greater than the CEA
group (4.1 vs. 2.3, p=0.01), yet this was at the expense of a greater number of
MIs in the CEA group compared to the CAS group (2.3 vs. 1.1, p=0.03).
Quality-of-life assessment data performed indicated a significant negative

impact was associated with periprocedural stroke rather than with MI."
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TABLE 12.3 (CREST primary endpoint
results (stroke/MI/death)

CAS 7.2%
CEA 6.8%
Hazard ratio 1.11

95% Cl 0.81-1.51
p-value 0.51

Cranial nerve injury occurred in 4.6% of those undergoing CEA, but residual
effects were largely nonexistent at 1 year.!®

Another important finding from CREST was derived from the hazard ratios
for the primary endpoint, as calculated for the CAS group versus the CEA group
according to age at the time of the procedure. These ratios were estimated from
the proportional-hazards model with adjustment for sex and symptomatic
status. Graphing of these data revealed that CAS is likely safer in the younger
population and that CEA is likely safer in the older patient, with roughly 70 years
representing that age demarcation (Figure 12.2).!° This mirrors the clinical
realm where older patients are more likely to have both elongation and a higher
calcified plaque burden of the thoracic aortic arch.!” Additionally, elderly patients
have a reduced cerebral vascular reserve, rendering them more susceptible to
the effects of embolization.?”

This important finding of the cohort likely to perform better with the respective
procedure helped to clarify the inference established in the ICSS trial. The
results of CREST were palatable for both the surgical and intervention com-
munities. Surgeons were encouraged that CEA resulted in lower stroke rates,
and interventionists were content that the primary endpoint (stroke/death/MI)
was similar between the two methods.

Although carotid revascularization for symptomatic, >50% lesions is not debat-
able, significant discord exists regarding the treatment of asymptomatic, noncritical
carotid lesions. With data extrapolated from randomized trials assessing treatment
for intracranial arterial stenosis,?'*> some may argue that contemporary pharma-
cologic treatments (including intensively monitored treatments for hypertension,
hyperlipidemia, diabetes, and smoking cessation) are acceptable in stroke reduction
in those with asymptomatic moderate carotid disease.

There has been no adequately powered assessment of “modern-day” medi-
cal management of asymptomatic carotid disease since the ACAS trial 2 decades
ago. CREST-2 will assess CEA and CAS, respectively, to the best medical therapy
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FIGURE 12.2 CREST 4-year primary outcomes

in the asymptomatic cohort. The primary objectives of the trial are (a) to deter-
mine if intensive medical therapy alone (mirrored after the aggressive medical
management arm of the SAMMPRIS trial, reviewed in Chapter 13) is differ-
ent from CAS plus intensive medical therapy and (b) to determine if intensive
medical therapy is different from CEA plus intensive medical therapy. The
primary endpoint will be any stroke or death during the periprocedural period
and ipsilateral stroke thereafter, out to 4 years of follow-up. Eligibility criteria
include asymptomatic status for less than 180 days from the time of the baseline
assessment, carotid stenosis 270% as determined by duplex ultrasound, and one
confirmatory study (MR or CT angiography). Patients will be randomized
to only one of two trials within CREST-2: either CAS plus medical manage-
ment compared to medical management alone or CEA plus medical management
compared to medical management alone.?* Notably, 50% of patients will be
randomized to intensive medical therapy.

COMPLICATIONS OF CEA

Stroke

Neurological complications after CEA are one of the most devastating post-
operative complications in the entire field of surgery—particularly if the indica-
tion for endarterectomy is asymptomatic disease. An important factor paramount
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to acceptably low postoperative stroke rates is the CEA case volume of the
surgeon.>+2¢

Surgical factors contributing to postoperative neurological events are plaque
embolism, carotid occlusion due to platelet aggregation, and inadequate cere-
bral protection intraoperatively. Trailing only MI, stroke is the second most
common cause of death following CEA. Acceptable postoperative stroke rates
are <3% for asymptomatic patients and 5% to 7% for symptomatic patients. Any
neurologic change in the patient after CEA is a technical problem at the end-
arterectomy site, until proven otherwise, and warrants expeditious return to
the operating room (OR)) for evaluation and angiography. If no technical issue
is present at reexploration and angiography reveals embolic occlusion of an
intracerebral artery, neuro-rescue techniques with intracranial thrombolysis
and/or plaque or clot retrieval devices may be employed, if available.

Carotid artery stenting may also be effective for managing perioperative
stroke after CEA. In the setting of an anatomically high lesion that proved tech-
nically difficult surgically, carotid stenting may provide an adjunctive method
to address a low-limiting lesion that was difficult to address intraoperatively.?’
Carotid stenting, however, is not considered standard for treatment of acute
complications of carotid endarterectomy. Because the majority of postoperative
events occur in the immediate time period after CEA, our convention is to
have all post-op CEA patients remain in the recovery room for 2 hours prior to
disposition to either the surgical ward or the intensive care unit. This affords
both frequent and continuous neurological assessment by the same attendant and
the ability to quickly return to the OR for reexploration if necessary. If there
are no blood pressure issues postoperatively, we disposition patients to the sur-
gical floor with neurological and vital assessments every 2 hours with planned
discharge for the following day. If there are any hyper- or hypotension issues
requiring continuous intravenous pharmacological manipulation, we maintain
the arterial line monitoring and disposition patients to the intensive care unit
for observation.

Cranial Nerve Injury

Cranial nerve injuries occur in roughly 5% of patients following CEA, with
the vast majority resolving completely by 6 months post-surgery.?=2® This was
corroborated in both the ECST and CREST trials. In ECST, the rate of cra-
nial nerve injury postoperatively was 5.1% with resolution of slightly less than
half of these injuries by hospital discharge.?® Typically, the hypoglossal nerve
was most frequently involved, occurring in 3% post-CEA, followed by the mar-
ginal mandibular branch of the facial nerve at 2%. Vagus and glossopharyngeal
nerve injuries occur rarely because they are not encountered in a clinically
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relevant manner during CEA dissection, yet they may occur at a higher rate dur-
ing difficult exposures. Factors that increase the risk of cranial nerve injury
include urgent procedures, immediate reexploration, and return to the OR for
a neurologic event or bleeding. Interestingly, and contrary to conventional
teachings, redoing CEA or prior cervical radiation were not associated with an

increased risk.2¢

Cerebral Hyperperfusion Syndrome

The cerebral hyperperfusion syndrome (CHS) can be a devastating post-carotid
revascularization complication that occurs in a small percentage of patients
(0.05%—-3%). CHS can result in intracerebral hemorrhage post—carotid revascu-
larization and is associated with typical clinical hallmarks?*=** (see Table 12.4).
Despite an unclear mechanism, it is thought that the cause is related to loss of
intracerebral autoregulation of perfusion in the previously ischemic carotid
vascular bed. To maintain sufficient cerebral blood flow, small vessels compen-
sate with chronic arteriolar maximal dilatation. After correction of the carotid
stenosis, blood flow is restored to a normal or elevated perfusion pressure within
the previously hypoperfused hemisphere. The dilated vessels are thought to be
unable to assume normal tone or to vasoconstrict sufficiently to protect the cap-
illary bed from excess flow, resulting in edema and hemorrhage, which in turn
results in the clinical manifestations. Besides the initial presence of critical uni-
lateral or bilateral carotid lesions, post-revascularization hypertension frequently
is an associated predecessor of the syndrome, underscoring the importance of
good perioperative blood pressure control.® Some evidence suggests that this
syndrome may be more likely when revascularization is performed after recent

35-37

stroke. This is particularly important because contemporary practitioners

now tend to perform post-stroke carotid revascularization without delay due

to data refuting the previous practice of a several-week delay.?®

TABLE 12.4 Hyperperfusion features

- Headache ipsilateral to the revascularized internal carotid, typically improved in upright
posture; may herald the syndrome in the first week after endarterectomy.

+ Focal motor seizures are common, sometimes with post-ictal Todd’s paralysis mimicking
post-endarterectomy stroke from carotid thrombosis.

« Intracerebral hemorrhage is the most feared complication, occurring in about 0.6% of patients
after CEA, usually within 2 weeks of surgery.

Source: Adapted from Reference 34.
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The prevention of this complication is aided with fastidious control of post-
operative hypertension. Blood pressure parameters depend on the initial sever-
ity of stenosis and presumed or known degree of capillary dilatation before
surgery. For severe stenosis (>90%), our convention is to maintain systolic blood
pressure below 150 mm Hg as aggressively as required with the liberal use of
continuous-drip intravenous antihypertensives in short order if bolus intrave-
nous methods fail. Theoretically, patients with less severe stenosis require less
conservative parameters than those with severe stenosis; however, it may be
more complicated than this because patients have varying sources and flow con-
tribution from collaterals likely contributing to the cerebrovascular reserve. The
vast majority of patients do not require sustained antihypertensive infusion
and are restarted on their home oral regimen in the first 12 hours after the pro-
cedure. Any complaint of severe headache following revascularization is the
syndrome, unless proven otherwise, and should be evaluated expeditiously with
head CT. All antithrombotics should be discontinued if hemorrhage is con-
firmed, and platelet transfusion to reverse their effect should be considered. Sei-
zures related to hyperperfusion are usually successfully treated with standard
antiepileptic drugs.*

Restenosis

Restenosis of the carotid artery after CEA occurs in 3% to 10% of patients and
underscores the importance of yearly duplex assessment, even though the majority
have little indication for repeat revascularization.***! It is also not uncommon
to observe mild restenosis in the initial months after CEA that normalizes after
a year, likely the result of carotid remodeling. Although not definitively proven,
statin drugs may be protective against restenosis.*’ Additionally, patch angio-
plasty during CEA has been associated with a decreased risk of long-term recur-
rent stenosis compared with primary closure.*

The mechanism of the restenotic lesion has a direct relationship to the time

point of presentation after initial surgery.**+

Restenosis occurring within 2 to
3 years after CEA is thought to be attributed to intimal hyperplasia that creates
a smooth, tapered lesion with a low likelihood of embolization. Conversely,
restenosis after 2 to 3 years is thought to be from the progression of atheroscle-
rotic disease process and thus presents as an irregular plaque that may serve as
an embolic source. The former typically does not require intervention unless
a near-occlusive lesion results, whereas the latter requires correction if symp-
toms develop in association with critical restenosis (>70%). Restenosis of post-
CEA carotid lesions is increasingly (and appropriately) treated via carotid
stenting, when feasible, thus avoiding the potential risks inherent with redo sur-
gical neck exploration.
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COMPLICATIONS OF CAROTID STENTING

Carotid artery stenting (CAS) has certain advantages compared to CEA, pri-
marily as it pertains to the avoidance of both an incision and general anesthesia.
Resultantly cranial nerve injuries, neck hematomas, and anesthetic/intubation
complications are not encountered. However, similar complications of stroke,
including cerebral hyperperfusion syndrome and restenosis, likewise occur to
some degree with CAS. Additionally, CAS has the unique complications related
to access not present in those undergoing CEA.

Stroke
The most serious acute complication associated with CAS is stroke. Periproce-
dural stroke may develop from several mechanisms: thromboembolism, hemo-
dynamic alteration—induced hypoperfusion, cerebral hyperperfusion, and
intracerebral hemorrhage. In addition, filter embolic protection devices—the
most common device type used currently—may result in an angiographic
“slow-flow phenomenon,” appearing as reduced or absent anterograde flow in
the internal carotid artery caused by occlusion of the filter membrane pores by
microemboli and debris. Occurring in 9% of cases in one study, patients with
the slow-flow phenomenon had an increased 30-day risk of stroke compared
with those who did not (9.5% vs. 1.7%).*® Protection devices may also cause arte-
rial spasm and dissection that may lead to periprocedural cerebral events.
Carotid plaque morphology and characteristics also contribute to increased
stroke rates with carotid stenting. Ulcerated carotid plaque, increasing degree
of carotid stenosis, and longer carotid lesions are aspects of carotid disease asso-
ciated with an increased risk for stroke.*” Retrospective studies also suggest
that long carotid lesions (>10 mm) or tandem carotid lesions with more than one
lesion separated by normal vessel wall have also been associated with a higher
stroke risk.*®* Appropriate patient selection is the most important factor in
minimizing post-CAS stroke. Adequate pre-procedural planning that assesses
arch anatomy, carotid tortuosity, and lesion characteristics can minimize the
occurrence of this potentially devastating complication.

Hemodynamic Instability

Hemodynamic lability, such as bradycardia and hypotension, occurs fre-
quently after carotid artery stenting; however, associated morbidity has not
been established. Occurring in an estimated 20% to 30% of cases, in most
patients post-procedural hypotension resolves within 12 hours.>” The clinical
manifestations are thought to be due to the effects of balloon inflation on the
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carotid baroreceptors during CAS. Carotid sinus baroreceptors are located
within the adventitia of the origin of the internal carotid artery and are inner-
vated by a branch of the glossopharyngeal nerve (the sinus nerve of Hering). In
response to low blood pressure, the nerve fibers decrease their firing rates, stim-
ulating the sympathetic nervous system and inhibiting the parasympathetic ner-
vous system via a centrally acting mechanism. Hemodynamic instability
following CAS is significantly associated with age, >10-mm distance between
the carotid bifurcation and the site of minimum lumen diameter, and prior ipsi-

50

lateral carotid endarterectomy and recent stroke.”” Neither hypotension nor bra-

dycardia has been predictive of myocardial infarction, stroke, or death.>!

Access-Related Complications
Access-related issues are grouped into two categories: complications involving
the arterial puncture or due to distal embolization. Arterial puncture compli-
cation includes hematoma and pseudoaneurysm formation. Distal emboliza-
tion complications may be due to atheroembolization as a result of a diseased
femoral artery or closure device misadventure. Arterial puncture issues may be
nearly completely eliminated if care is taken to puncture the common femoral
artery in a fluoroscopically confirmed segment overlying the femoral head. The
risk factors for pseudoaneurysm development include inadequate post-procedure
compression of the puncture site, post-procedural anticoagulation, antiplatelet
therapy during the intervention, age >65 years, obesity, hypertension, peripheral
artery disease, and hemodialysis.>

During any transfemoral catheterization procedure, plaque may become dis-
lodged either from a diseased femoral artery or from more proximal aortic or iliac
disease, with occasional limb-threatening ischemia in some instances. Care
should be taken to ensure that the targeted femoral artery is suitable for puncture.
Fluoroscopic visualization prior to arterial puncture can often demonstrate plaque
burden, leading to selection of the contralateral femoral site for puncture.

Restenosis

Restenosis rates after CAS vary, yet overall the durability compares favorably
to CEA.>*™5 Meta-analysis of multiple studies shows that restenosis occurs in
about 6% of arteries after 1 year. Historical restenosis rates for CEA ranges in
the 5% to 10% range.>* CREST reported no difference in restenosis at 24 months
for carotid artery stenting compared with carotid endarterectomy.'’ Secondary
analysis revealed that female sex, dyslipidemia, and diabetes were independent
predictors of restenosis for both procedures. Interestingly, smoking increased
the CEA rate of restenosis but not after CAS.
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CONCLUSION

In summary, carotid disease’s contribution to stroke remains significant. Despite
advances in the surgical and interventional approaches to treatment, carotid
disease—related stroke continues to remain an important source of morbidity and
mortality. Carotid endarterectomy remains the gold standard for treatment of
significant disease. Carotid angioplasty and stenting has been a welcomed addi-
tion to the treatment armamentarium; however, there remain strict guidelines
for patient inclusion and significant obstacles for practitioners to obtain and
maintain expertise. Current studies are under way to assess the efficacy of phar-
macologic agents in the treatment of carotid disease, which will provide valu-
able information as we continue to improve our total approach for those aflicted.

References

1. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke statistics—2012
update: a report from the American Heart Association. Circulation. 2012;125(1):E2-E220.

2. Hall HA, Bassiouny HS. Pathophysiology of carotid atherosclerosis. In: Nicolaides A,
Beach KW, Kyriacou E, Pattichis CS, eds. Ultrasound and Carotid Bifurcation Atherosclerosis.
London: Springer; 2011:27-39.

3. Fazel P, Johnson K. Current role of medical treatment and invasive management in carotid
atherosclerotic disease. Bayl Univ Med Cent Proc. 2008;21(2):133—138.

4. Stroke Belt Initiative: Project accomplishments and lessons learned. National Heart, Lung,
and Blood Institute, National Institutes of Health, 1996. https://www.nhlbi.nih.gov/files
/docs/resources/heart/sb_spec.pdf.

5. Lloyd-Jones D, Adams RJ, Brown TM, et al. Executive summary: heart disease and stroke
statistics—2010 update: a report from the American Heart Association. Circulation.
2010;23;121(7):948-954.

6. Robertson JT. Carotid endarterectomy: a saga of clinical science, personalities, and
evolving technology: the Willis lecture. Stroke. 1998;29(11):2435-2441.

7. Tu ]V, Hannan EL, Anderson GM, et al. The fall and rise of carotid endarterectomy in
the United States and Canada. N Engl | Med. 1998;339(20):1441-1447.

8. Kassem HH, Abd-Allah F, Wasay M. Update on carotid revascularization: evidence from
large clinical trials. INTECH Open Science. http://www.intechopen.com/books/carotid
-artery-disease-from-bench-to-bedside-and-beyond/update-on-carotid-revascularization
-evidence-from-large-clinical-trials#B2.

9. Barnett, HJM, Eliasziw M, Meldrum HE. Prevention of ischaemic stroke. BM].
1999;318:1539-1543.

10. Brott TG, Hobson RW 2nd, Howard G, et al. Stenting versus endarterectomy for treat-
ment of carotid-artery stenosis. N Engl ] Med. 2010;363(1):11-23.

11. North American Symptomatic Carotid Endarterectomy Trial Collaborators. Beneficial
effect of carotid endarterectomy in symptomatic patients with high-grade carotid steno-
sis. N Engl J Med. 1991;325(7):445-453.

12 Katzen BT, Laird, JR Jr, Takao Ohki T. The SAPPHIRE and ARCHER updates: a
report on the early progress of two trials critical to our understanding of carotid artery
stenting. Endovascular Today. Sept 2003:77-78.



14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Treatment of Symptomatic Carotid Stenosis 197

. Decision Memo for Carotid Artery Stenting. https://www.cms.gov/medicare-coverage

-database/details/nca-decision.

Maldonado TS. What are current preprocedure imaging requirements for carotid
artery stenting and carotid endarterectomy: have magnetic resonance angiography
and computed tomographic angiography made a difference? Semin Vasc Surg. 2007;20:
205-215.

Ouriel K, Hertzer NR, Beven EG, et al. Preprocedural risk stratification: identifying an
appropriate population for carotid stenting. | Vasc Surg. 2001;33:728-732.

. Yadav JS, Roubin GS, King P, et al. Angioplasty and stenting for restenosis after carotid

endarterectomy. Initial experience. Stroke. 1996;27:2075-2079.

Cohen DJ, et al. Health-related quality of life after carotid stenting versus carotid end-
arterectomy: results from CREST (Carotid Revascularization Endarterectomy versus
Stenting Trial). J Am Coll Cardiol. 2011;58(15):1557-1565.

Hye RJ, Mackey A, Hill MD, et al. Incidence, outcomes, and effect on quality of life of
cranial nerve injury in the Carotid Revascularization Endarterectomy versus Stenting
Trial. J Vasc Surg. 2015;61(5):1208—-1214.

Redheuil A, Yu W-C, Mousseaux E, et al. Age-related changes in aortic arch geometry:
relationship with proximal aortic function and left ventricular mass and remodeling. | Am
Coll Cardiol. 2011 Sep 13; 58(12): 1262-1270.

Ito H, Kanno I, Ibaraki M, Hatazawa J. Effect of aging on cerebral vascular response to
Paco2 changes in humans as measured by positron emission tomography. | Cereb Blood
Flow Metab. 2002;22:997-1003.

Wu TY, Anderson NE, Barber PA. Neurological complications of carotid revascularisa-
tion. J Neurol Neurosurg Psychiatry. 2012;83(5):543-550.

Heyer EJ, Mergeche JL, Bruce SS, et al. Statins reduce neurologic injury in asymptom-
atic carotid endarterectomy patients. Stroke. 2013;44(4):1150-1152.

Faggioli G, Pini R, Mauro R, et al. Perioperative outcome of carotid endarterectomy
according to type and timing of neurologic symptoms and computed tomography find-
ings. Ann Vasc Surg. 2013;27(7):874—882.

Goldberg JB, Goodney PP, Kumbhani SR, et al. Brain injury after carotid revascular-
ization: outcomes, mechanisms, and opportunities for improvement. Ann Vasc Surg.
2011;25(2):270-286.

Anzuini A, Briguori C, Roubin GS, et al A. Emergency stenting to treat neurological
complications occurring after carotid endarterectomy. | Am Coll Cardiol. 2001;37(8):2074.
Fokkema M, de Borst GJ, Nolan BW, et al. Clinical relevance of cranial nerve injury
following carotid endarterectomy. Eur J Vasc Endovasc Surg. 2014;47(1):2-7.
Cunningham EJ, Bond R, Mayberg MR, et al. Risk of persistent cranial nerve injury
after carotid endarterectomy. J Neurosurg. 2004;101(3):445.

Youkey JR, Clagett GP, Jaffin JH, et al. Focal motor seizures complicating carotid end-
arterectomy Arch Surg. 1984;119(9):1080.

Reigel MM, Hollier LH, Sundt TM Jr, et al. Cerebral hyperperfusion syndrome: a cause
of neurologic dysfunction after carotid endarterectomy. | Vasc Surg. 1987;5(4):628.
Naylor AR, Ruckley CV. The post-carotid endarterectomy hyperperfusion syndrome.
Eur J Vasc Endovasc Surg. 1995;9(4):365.

Coutts SB, Hill MD, Hu WY. Hyperperfusion syndrome: toward a stricter definition.
Neurosurgery. 2003;53(5):1053.

Kablak-Ziembicka A, Przewlocki T, Pieniazek P, et al. Predictors of cerebral reperfu-
sion injury after carotid stenting: the role of transcranial color-coded Doppler ultraso-
nography. J Endovasc Ther. 2010;17(4):556.



198

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Ischemic Stroke

Bouri S, Thapar A, Shalhoub J, et al. Hypertension and the post-carotid endarterectomy
cerebral hyperperfusion syndrome. Eur J Vasc Endovasc Surg. 2011;41(2):229-237.
Pennekamp CW, Tromp SC, Ackerstaff RG, et al. Prediction of cerebral hyperperfusion
after carotid endarterectomy with transcranial Doppler. Eur | Vasc Endovasc Surg. 2012;
43(4):371-376.

Clagett, GP, Robertson, JT. Surgical considerations in symptomatic disease. In: Barnett,
HJM, Mohr, JP, Stein, BM, Yatsu, FM, eds. Stroke: Pathophysiology, Diagnosis and Man-
agement. New York: Churchill Livingstone; 1998:12009.

Gasecki AP, Eliasziw M, Pritz MB, Timing of carotid endarterectomy after stroke. Stroke.
1998;29(12):2667-2668.

Crozier JE, Reid J, Welch GH, et al, Early carotid endarterectomy following throm-
bolysis in the hyperacute treatment of stroke. Br J Surg. 2011;98(2):235-238.

Kieburtz K, Ricotta JJ, Moxley RT 3rd. Seizures following carotid endarterectomy. Arch
Neurol. 1990;47(5):568.

Counsell CE, Salinas R, Naylor R, Warlow CP. A systematic review of the randomised
trials of carotid patch angioplasty in carotid endarterectomy. Eur | Vasc Endovasc Surg.
1997;13(4):345.

Goodney PP, Nolan BW, Eldrup-Jorgensen J, et al. Restenosis after carotid endarterectomy
in a multicenter regional registry. | Vasc Surg. 2010;52(4):897-904, 905.¢1-2; discussion
904-905.

LaMuraglia GM, Stoner MC, Brewster DC, et al. Determinants of carotid endarterectomy
anatomic durability: effects of serum lipids and lipid-lowering drugs. J Vasc Surg. 2005;
41(5):762.

Bond R, Rerkasem K, Naylor AR, et al. Systematic review of randomized controlled
trials of patch angioplasty versus primary closure and different types of patch materials
during carotid endarterectomy. | Vasc Surg. 2004;40(6):1126.

Sadideen H, Taylor PR, Padayachee TS. Restenosis after carotid endarterectomy. TS Int
J Clin Pract. 2006;60(12):1625.

Fokkema M, de Borst GJ, Nolan BW, et al. Carotid stenting versus endarterectomy in
patients undergoing reintervention after prior carotid endarterectomy. J Vasc Surg.
2014;59(1):8-15.

Casserly IP, Abou-Chebl A, Fathi RB, et al. Slow-flow phenomenon during carotid
artery intervention with embolic protection devices: predictors and clinical outcome. J Am
Coll Cardiol. 2005;46(8):1466.

Hofmann R, Niessner A, Kypta A, et al. Risk score for peri-interventional complica-
tions of carotid artery stenting. Stroke. 2006;37(10):2557.

Mathur A, Roubin GS, Iyer SS, et al. Predictors of stroke complicating carotid artery
stenting. Circulation. 1998;97 (13):1239.

Qureshi Al Luft AR, Janardhan V, et al. Identification of patients at risk for periproce-
dural neurological deficits associated with carotid angioplasty and stenting. Stroke.
2000;31(2):376.

Qureshi Al Luft AR, Sharma M, et al. Frequency and determinants of postprocedural
hemodynamic instability after carotid angioplasty and stenting. Stroke. 1999;30(10):
2086.

Ullery BW, Nathan DP, Shang EK, et al. Incidence, predictors, and outcomes of hemo-
dynamic instability following carotid angioplasty and stenting. | Vasc Surg. 2013
Oct;58(4):917-25. Epub 2013 May 10.

Wu TY, Ham SW, Katz SG. Predictors and consequences of hemodynamic instability
after carotid artery stenting. Ann Vasc Surg. 2015;29(6):1281-1285.



52.

53.

54.

55.

Treatment of Symptomatic Carotid Stenosis 199

Ates ML, Sahin S, Konuralp C, et al. Evaluation of risk factors associated with femoral
pseudoaneurysms after cardiac catheterization. Vasc Surg. 2006;43(3):520-524.

Groschel K, Riecker A, Schulz JB, et al. Systematic review of early recurrent stenosis
after carotid angioplasty and stenting. Stroke. 2005;36(2):367.

Frericks H, Kievit J, van Baalen JM, van Bockel JH. Carotid recurrent stenosis and risk
of ipsilateral stroke: a systematic review of the literature. Stroke. 1998;29(1):244.

Moore WS, Kempczinski RF, Nelson JJ, Toole JF. Recurrent carotid stenosis: results of
the asymptomatic carotid atherosclerosis study. Stroke. 1998;29(10):2018-2025.





