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404 Catheter Thrombectomy during Carotid Stenting

Benefits of Catheter
Thrombectomy during
Carotid Stenting

A Preliminary Study

Despite the use of distal embolic protection devices (DEPs) in carotid artery (CA) stenting,
an appreciable risk of stroke exists, particularly in symptomatic patients. The mechanism
of embolic events is possibly related to microembolization of atherothrombotic débris that
remains or forms on the stent struts. This study evaluated the safety of using thrombus-
extraction catheters in the setting of CA stenting.

From August 2006 through June 2008, 43 symptomatic and asymptomatic patients
with severe CA stenosis (>90%) underwent CA stenting with DEPs. After stenting and be-
fore removal of the DEP, an extraction catheter was passed through the stented segment.
The extracted volume and the filtered extracted volume were visually examined for débris.
The primary outcome was a composite of stroke and death at 30 days. Outcomes were
compared with those in a control population of 783 patients who underwent CA stenting
with a DEP, but without prophylactic thrombus aspiration. Retrospective analysis was per-
formed on prospectively gathered data.

Substantial amounts of atherothrombotic débris were extracted from the stented seg-
ment in all 43 thrombectomy patients, none of whom died or experienced periprocedural
stroke. In the control group, 3.9% of patients experienced these outcomes. Differences in
primary outcome did not reach statistical significance.

We conclude that the prophylactic use of extraction catheters is safe and does not incur
periprocedural events. The results of this preliminary study are encouraging, although larger,
randomized trials (optimally using diffusion-weighted magnetic resonance imaging) are
needed in order to evaluate this technique’s potential benefits in reducing neurologic com-
plications. (Tex Heart Inst J 2009;36(5):404-8)

dvances in the endovascular treatment of carotid arterial (CA) occlusive dis-

ease have led to a reduction in treatment-related adverse events. Distal em-

bolic protection devices (DEPs), lower-profile sheaths and stent-delivery
systems, and more aggressive periprocedural antiplatelet therapy have all contribut-
ed to this improvement."

Despite the improved procedural safety afforded by these technical advances, the
risk of periprocedural stroke consequent to CA stenting is not negligible.® This risk
is particularly high in symptomatic patients, in octogenarians, and in subsets of pa-
tients with certain lesions, such as those with critical stenosis and ulcerated lesions.**
Observational data from a prospective multicenter registry that was compiled in order
to assess outcomes of CA stenting revealed that 4.8% of the patients who underwent
neuroprotected carotid stenting experienced a stroke.’ In addition to symptomatic
strokes, subclinical microinfarctions after CA stenting range from 22% to as high as
41.5%.°* During intermediate-term follow-up, these microinfarctions have been as-
sociated with cognitive decline.” Observational data also suggest that most neurolog-
ic events (77%) occur after the procedure has been completed.’ The mechanisms that
underlie late occurrence of neurologic events remain undefined; however, they may be
secondary to embolization of atherothrombotic débris after a DEP has been removed.
Consequently, we surmised that the use of an aspiration catheter might reduce distal
embolization of atherothrombotic material after stenting, via the aspiration of friable
atherothrombotic débris from the stent struts while the DEP is still deployed.

We sought to investigate the safety of this novel technique by using the PRONTO®
Extraction catheter (Vascular Solutions, Inc.; Minneapolis, Minn) or the QuickCat™
Extraction Catheter (Kensey Nash Corporation; Exton, Pa) as an adjunct to filter-
based DEPs in the setting of CA stenting.
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Patients and Methods

Study and Control Groups

For this study, we selected 43 consecutive symptomat-
ic and asymptomatic patients with severe CA stenosis
(>90%, documented angiographically) who under-
went CA stenting with use of a DEP at our institution
from August 2006 through June 2008. The mean age
of the study group was 72 £ 10 years, with 9 octoge-
narians (21%). Thirty-five of the patients (81%) had
chronic obstructive pulmonary disease, and 5 (12%)
had symptomatic coronary artery disease. Twenty-four
(56%) were symptomatic before the intervention, and
42 (98%) displayed angiographic evidence of target-
lesion ulceration.

The baseline characteristics of these 43 patients were
compared with those of a control population of 738 pa-
tients at our institution who had undergone CA stenting
with use of a DEP during the same period of time, but
without prophylactic mechanical thrombectomy. The
Institutional Review Board at our institute approved the
study protocol. We applied the X* test with use of STAT
10.8 statistical software (SAS Institute, Inc.; Cary, NC).
A Pvalue of less than 0.05 was considered statistically
significant. When compared with the control group,
the patients in the study group had higher rates of renal
insufficiency (53% vs 30%; P=0.001) and target-le-
sion ulceration (98% vs 80%, P=0.005). Other base-
line characteristics were similar in both groups (Table I).
Retrospective analysis was performed on prospective-
ly collected data.

TABLE |. Baseline Characteristics of the Patients

Aspiration Thrombectomy

Preparation and Procedure

Each patient in the study group underwent indepen-
dent neurologic evaluation before CA stenting was
performed. All were given 300 mg of clopidogrel as a
loading dose, and 75 mg daily thereafter for at least 3
days before CA stenting. They also received 325 mg
of aspirin once daily for at least 3 days before stenting.

For the aspiration thrombectomy, we selected a PRON-
TO® V3 Extraction catheter or a QuickCat™ Extrac-
tion Catheter. Both devices are monorail catheters with
a distal aspiration port that is connected at its proximal
end to an aspiration syringe, which can be locked at the
time of aspiration to create a negative pressure state. As-
piration is controlled by a 3-way stopcock that is opened
to the syringe in order to trigger suction. The aspiration
port of the PRONTO device faces the side of the catheter,
whereas the QuickCat is an end-hole catheter.

A GF, 90-cm-long Shuttle® Select™ guiding sheath
(Cook Medical Incorporated; Bloomington, Ind) was
advanced into the thoracic aorta via a transfemoral ap-
proach. This sheath was then passed into the common
CA, usually over a Slip-Cath® selective catheter (Cook)
and a super-stiff Glidewire® (Terumo Medical Corpo-
ration; Somerset, NJ). Angiography was performed in
2 projections, and quantitative angiographic measure-
ments were obtained (Fig. 1A). An appropriately sized
filter-based DEP was then advanced across the steno-
sis and deployed distal to it. Predilation of the stenosis
was performed with a 4-mm-diameter x 20-mm-long
balloon. An appropriately sized stent was then de-

Thrombectomy Group

Control Group

(n=43) (n=783)

Characteristic No. (%) No. (%) P Value*
Mean age, yr 72 +10 70+£8 0.44
Age >80 yr 9(21) 111 (14) 0.21
Unstable angina 5(12) 77 (10) 0.7
COPD 35 (81) 625 (80) 0.81
Diabetes mellitus 7 (16) 217 (28) 0.1
Tobacco use 35 (81) 683 (87) 0.25
LVEF <0.45 26 (60) 371 (47) 0.08
Atrial fibrillation 3 (7) 41 (5) 0.62
Renal insufficiency 23 (63) 233 (30) 0.001
Target-lesion calcification 40 (93) 693 (89) 0.4
Target-lesion ulceration 42 (98) 627 (80) 0.005
Asymptomatic 19 (43) 394 (50) 0.95
Ipsilateral carotid endarterectomy 4 (9) 92 (12) 0.64

COPD = chronic obstructive pulmonary disease; LVEF = left ventricular ejection fraction

*P value for comparison, using the »? test. P <0.05 was considered statistically significant.
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Fig. 1 A) Angiography of the right carotid artery shows a >90% narrowing just after the bifurcation in the internal carotid artery of a
73-year-old man. B) After stenting and aspiration thrombectomy, angiography shows minimal residual stenosis.

ployed in the internal CA, covering the entire length
of the stenosis. Postdilation was performed with use of
a balloon of appropriate size. After the completion of
CA stenting and before the removal of the DEP, a
PRONTO (n=41) or QuickCat (n=2) extraction catheter
was slowly advanced through the stent at approximately
1 mm/sec. Aspiration was performed from the proximal
to the distal part of the stent. At least 2 passes were
made with the thrombectomy catheter. If resistance was
met during gentle advancement of the catheter, it was
withdrawn a few mm, torqued slightly in either direc-
tion, and readvanced. Postprocedural angiography was
performed, and the DEP was then retrieved (Fig. 1B).
Retrieval of the DEP was performed after the throm-
bectomy in order to reduce the risk of catheter-mediated
embolic events. After aspiration, the extracted blood
volume was emptied into a 50-p filter basket, and the
extracted volume and the filter volume were visually ex-
amined for débris (Fig. 2).

Analysis of Outcome

All patients were admitted for observation; they were
seen by a neurologist immediately after the interven-
tion and daily while they were hospitalized. Transcrani-
al Doppler ultrasonography was performed in 1 patient
during the procedure. Each patient underwent 30-day
re-evaluation by duplex ultrasonography, and a neuro-
logic examination was performed by 1 neurologist.

406 Catheter Thrombectomy during Carotid Stenting

Fig. 2 Extracted blood, after being emptied into a 50-y filter bas-
ket, shows visual evidence of débris.

The primary outcome was a composite of stroke and
death at 30 days. All neurologic events were evaluated by
an independent neurologist. Stroke was defined as a new
neurologic deficit that lasted longer than 24 hours. The
outcomes in the study group were then compared with
the outcomes in the control population, via the y? test.
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Results

Advancement of the extraction catheter through the
stent was successful in all instances. Substantial athero-
thrombotic material was retrieved in all 43 patients re-
gardless of their symptomatic status. No periprocedural
strokes or deaths occurred in the thrombectomy group.
In the control group, 31 of the patients (3.9%) experi-
enced a periprocedural stroke (n=25) or died (n= 6).
The difference between groups in the primary outcome,
however, did not reach statistical significance (P=0.18).
In the patient in whom transcranial Doppler ultraso-
nography was performed, no high-intensity transient
signals were noted during advancement of the throm-
bectomy catheter.

Discussion

Carotid artery stenting is preferred by many as thera-
py for carotid occlusive disease in patients who are at
high perioperative risk.> However, postoperative neu-
rologic events remain a concern after CA stenting, de-
spite the use of DEPs. Certain subsets of patients are at
higher risk than are others. Furthermore, the frequen-
cy of subclinical embolic events appears to be an order
of magnitude higher than that of clinical events, as has
been noted by investigators who have used post-CA
stenting diffusion-weighted magnetic resonance imag-
ing (MRI).** In studies of carotid endarterectomy and
CA stenting, most of the embolic events that have been
found upon postprocedural diffusion-weighted MRI
have not caused gross neurologic deficits, and many
of these lesions were not apparent upon follow-up im-
aging.>*'* However, the late consequences of micro-
emboli that are seen on MRI may be more dangerous
than has been previously noted, as was suggested in the
Rotterdam scan study, wherein new lesions found on
diffusion-weighted MRI were associated with a 2-fold
increase in neurocognitive decline.’

There are several possible explanations for ischemic
events that are observed in the setting of CA stenting,
Strokes that occur during the procedure but before the
deployment of a DEP are likely related to embolization
of atherothrombotic débris from catheter manipulation
in the aorta or to manipulation of the target lesion it-
self. Alternatively, embolic material could pass through
or around the DEP, causing a stroke during the proce-
dure after successful deployment of the DEP. However,
in the CAPTURE registry,” most patients (77%) experi-
enced their symptoms after the procedure had already
been completed. Of these events, 57% were observed
postprocedurally and before the patients’ hospital dis-
charge. Of note, 20% of the events occurred after the
patients had been discharged from the hospital’ The
mechanisms for these late events remain undefined;
however, such events may be due to microembolization
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of atherothrombotic débris that remains or develops on
the stent struts after CA stenting,. Several studies have
supported such an assertion. Data from patients who
have undergone carotid endarterectomy clearly show
that emboli detected upon transcranial Doppler during
dissection and wound-closure are independent predic-
tors of perioperative stroke." Angioscopy after coro-
nary interventions has detected plaque and thrombus
protruding through stent struts, and platelet aggregates
on the struts.” Platelet-rich thrombi appear on stent
struts within the first 3 days after coronary stenting
and peak in number during the following week.” In re-
gard to carotid stenting, intravascular ultrasonography
has revealed that atherothrombotic material protrudes
through the stent struts after stent deployment. Balloon
angioplasty at the time of postdilation of the stent may
cause a cheese-grater effect on the plaque, with further
plaque extrusion through the stent struts." In addition,
platelet aggregates form on the stent struts secondary
to intimal injury and as a reaction to the stent. There-
fore, prophylactic removal of atherothrombotic materi-
al from the stent struts before removal of the DEP may
lead to fewer late embolic events and, accordingly, re-
duce the risk of postprocedural neurologic events.

Limitations of the Study

Our study had several limitations. The patients were
not randomized, and the results are inherently subject
to the usual confounding factors. The number of pa-
tients in the study group was small, especially in light
of low overall clinical-event rates that led to a statisti-
cally nonsignificant result. Aspiration thrombectomy
was performed from the proximal end to the distal end
within the stented segment; however, it is not certain
whether the extracted débris was protruding from the
struts within the stented segment or from the DEP it
self. Our control group included a considerably great-
er number of patients than did the study group. Some
differences between the study group and the control
group might have affected the results: for example, the
study group had a higher incidence of renal insufficien-
cy and target-lesion ulceration. The number of octo-
genarians was also slightly higher in the study group.
Finally, we did not perform pre- and post-CA stenting
diffusion-weighted MRI, which would have enabled us
to quantify and compare distal microembolization with
the use of both techniques.

Conclusion

Our preliminary study highlights several important
points. Prophylactic use of the PRONTO or QuickCat
catheter to extract atherothrombotic débris is techni-
cally feasible, and aspiration can be accomplished eas-
ily after CA stenting and before removal of the DEP.
No adverse clinical events were noted in our throm-
bectomy patients, despite their higher risk profile in
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comparison with the control group. Furthermore, the
absence of high-intensity transient signals during ad-
vancement of the thrombectomy catheter suggests that
the catheter did not generate further emboli. Although
the differences in primary outcome did not reach sta-
tistical significance, there was a trend toward a lower
occurrence of periprocedural events in the thrombecto-
my group than in the control population. On the basis
of our preliminary data, routine prophylactic aspiration
thrombectomy appears to be a safe procedure after stan-
dard CA stenting with a DEP. However, it is unclear
whether this technique actually reduces distal microem-
bolization and postoperative neurologic complications.
A larger-scale, randomized trial with diffusion-weighted
MRI (before and after CA stenting) is needed in order
to evaluate the potential benefit of catheter-aided aspi-
ration thrombectomy in reducing ischemic neurolog-
ic complications after CA stenting.
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