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C

arotid endarterectomy (CEA), introduced in
the 1950s, has long been accepted as the gold
standard for revascularization of the carotid
bifurcation for occlusive disease. The procedure
has been refined over the years, with excellent results
overall for stroke prophylaxis.1,2 Transfemoral carotid
stenting (TFCAS), introduced in the 1990s, has become an
attractive option for patients at high risk for surgery–but
at the expense of higher procedural stroke morbidity.3
Transcarotid artery revascularization (TCAR), introduced
less than a decade ago, is rapidly establishing itself as a
hybrid procedure with the advantages of both CEA and
CAS. It is less invasive, quicker, and enjoys a shorter length
of stay than CEA, and is therefore patient friendly (like
CAS) but with stroke rates equivalent to CEA. Should this
lead us to a TCAR-first strategy when evaluating patients
for carotid revascularization?
PERSONAL EXPERIENCE
In my experience (Dr. Shah) since starting practice in
1993, I have seen—and participated in—the evolution
of all three techniques. I was trained in the era of CEA
and when CAS was introduced early in my career, it
seemed like a reckless and crazy idea. However, as stent
technology improved and neuroprotection systems were
optimized, I became a believer and offered CAS to many
patients starting in the late 1990s. The results, however,
did not meet the expectations of many surgeons; the idea
of equipoise of CEA and CAS by adding stroke/death/
myocardial infarction together was disappointing. The

documented limitations of CAS include the following:
• There is a higher risk of stroke due to catheter
manipulation in the aortic arch to achieve cannulation
of the carotid artery and from crossing the carotid
lesion with the filter prior to any neuroprotection
• CAS is not recommended for patients older than
80 years because of a higher risk of stroke, presumably
secondary to manipulation of the diseased aortic arch
• CAS is more difficult in a challenging type II or III
aortic arch
• Severe carotid calcification may leave a residual
stenosis after CAS
After all, the goal of carotid revascularization is stroke
prevention. In 2012, when approached to consider
participating in the ROADSTER 1 trial for the procedure
we now know as TCAR, I was intrigued. The minimally
invasive era was clearly already here, and patients are
always happier with a “smaller operation.” The procedure
intuitively made sense; avoiding the aortic arch and
establishing robust neuroprotection before manipulating
the lesion. With more than 10 years of CAS data on the
durability of stents, that was not a significant downside to
consider. I saw this as potentially the best of both worlds,
so in January 2013 we enrolled our first patients in the trial.
Fast forward 7 years and > 250 patients later, I believe
we definitely made the right decision to become involved
with TCAR. I still remember speaking to my first patients
about this new technique and asking them to participate
in a trial to prove it was beneficial. I told them due to
their high risk for surgery that stents were safer than CEA,
but that this was going to be a safer way to get that stent
placed. That is what I still tell my patients now, except it
is supported by stroke risk data from ROADSTER 1 (1.4%;
n = 219),4 ROADSTER 2 (0.6%; n = 632),5 and the Vascular
Quality Initiative (VQI) TCAR Surveillance Project(1.4%;
n = 5,716).6 When these results are compared with CEA
(2.3%; n = 1,240) or CAS (4.1%; n = 1,262) from the CREST
trial (all standard surgical risk, rather than all the TCAR
patients being high surgical risk), the argument only
gets stronger.7 And for those who would like imaging
confirmation of safety, the comparison of new white
lesions on diffusion-weighted MRI (DW MRI) after CAS/
CEA/TCAR is striking. CAS rates range from 45% to 87%,
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CEA rates range from 12% to 25%, and TCAR rates in the
PROOF study were 18%.8
DISCUSSION
As with any procedure, we do not believe in a one-sizefits-all approach. There are clearly patients who currently
should not be offered any stent-based intervention (TCAR
or CAS) due to heavy calcification. These patients should
be offered CEA. There are also patients who will not meet
the 5-cm distance requirement from clavicle to lesion to
safely insert the ENROUTE® Transcarotid Neuroprotection
System (Silk Road Medical). They should also be offered CEA
or CAS depending on other risk factors. Intolerance to flow
reversal has been raised as a possible reason patients would
not qualify for TCAR. In practice, this has been observed
only rarely. No correlation has been identified between
collateral circulation and intolerance. In fact, with most cases
still being done under general anesthesia, this is not even
recognized. In those cases done under local anesthesia, the
incidence is exceedingly low and is treated easily with raising
pressure/increasing oxygenation/finishing the procedure
expeditiously. The volume of dye used is less than in TFCAS
and procedure times are shorter than in CEA.
Optimal medical therapy is a must for patients
undergoing stent placement, so the inability to be on
dual antiplatelet and statin therapy should be considered
negatively for TCAR or CAS. Most patients undergoing
CEA would remain on monotherapy alone. There will
be a very few patients with other anatomic criteria not
in favor of TCAR, such as severe radiation dermatitis or
open tracheal stoma, but patients with fused spines are
easily treated as the incision is at the clavicle and the neck
does not necessarily need to be turned.

Based on these observations, we have adopted TCAR as the
first line of treatment for symptomatic patients who meet the
high-risk criteria. For centers participating in the VQI Registry,
asymptomatic patients who meet the high-risk criteria can
also be treated with TCAR as the first line of therapy.
CONCLUSION
As the data continue to accumulate in support of TCAR,
our approach has certainly changed from a “why TCAR”
approach to a “why not TCAR” approach. Any patient
seen for carotid stenosis should undergo CTA or MRA
for full evaluation of the anatomy. There will be anatomic
criteria in favor of (high lesion/contralateral occlusion) and
against (short common carotid artery/heavy calcification)
TCAR. Medical assessment will identify at least one highrisk criterion in the majority of our patients. Overall, it is
estimated that at least 70% of our patients would quality
for TCAR. So, if those patients are to be presented with
a minimally invasive, safe, quick procedure with a short
hospital stay—”why NOT TCAR?” n
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