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Intravascular lithotripsy during transcarotid arterial revascularization

for highly calcified lesions in high-risk patients
Christopher L. Henry, MD,a Spencer K. Hansen, MD,b Cara E. Gable,c Bradley R. Grimsley, MD, FACS,a and

Dennis R. Gable, MD, DFSVS, FACS, RVT,b Dallas, Plano, and College Station, Tex
ABSTRACT
Transcarotid arterial revascularization (TCAR) with flow reversal offers a less invasive option for carotid revascularization in
high-risk surgical patients. TCAR has been shown to have similar complication rates for stroke and mortality compared
with carotid endarterectomy and lower complication rates compared with transfemoral carotid artery stenting. A relative
contraindication for carotid stenting includes heavily calcified lesions. Intravascular lithotripsy has been approved for use
in other vascular beds for endovascular treatment of heavily calcified lesions. In the present report, we have demon-
strated the application of intravascular lithotripsy for heavily calcified carotid lesions, enabling treatment with TCAR for
those who otherwise might be at high risk of transfemoral carotid artery stenting or carotid endarterectomy. (J Vasc Surg
Cases and Innovative Techniques 2021;7:68-73.)
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Carotid artery stenosis (CAS) is responsible for #30% of
ischemic strokes.1 Traditional treatment options have
included carotid endarterectomy (CEA) and transfe-
moral carotid artery stenting (TF-CAS). TF-CAS has
many theoretical benefits; however, TF-CAS has failed
to become popular in the treatment of asymptomatic
or symptomatic patients with CAS. The CREST (carotid
revascularization endarterectomy vs stenting) trial2

found that at 4 years, these two procedures had statisti-
cally similar rates of stroke, myocardial infarction, and
death. Even with the evolution of distal embolic protec-
tion devices, the rate of perioperative stroke has not
improved significantly, and CEA has remained the pri-
mary intervention for patients with carotid artery disease.
Transcarotid arterial revascularization (TCAR) with flow

reversal offers another option for treating CAS in high-
risk patients.3 TCAR has resulted in composite rates of
stroke, death, and myocardial infarction similar to those
with open CEA despite the older and substantially higher
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risk patients. Compared with TF-CAS, TCAR has resulted
in significantly lower in-hospital transient ischemic
attack, stroke, and death rates.5 A relative contraindica-
tion for TCAR includes heavily and/or circumferentially
calcified lesions. In the peripheral and coronary circula-
tion, intravascular lithotripsy (IVL) has been approved
for use in the treatment of heavily calcified lesions. IVL
generates a sonic pressure wave that interacts with cal-
cium, creating sheer stress that fractures the calcium
within the atherosclerotic plaque but without rupturing
the plaque or associated vessel.6 This increases vessel
compliance, restores vessel mobility, and improves the
therapeutic effectiveness of angioplasty and stenting. In
the present study, the use of IVL was applied to heavily
calcified carotid lesions undergoing TCAR in patients at
high risk for endarterectomy.

METHODS
Two patients with an off-label/off-indication (instruc-

tions for use) were treated with predilation of a highly
calcified internal carotid artery lesion during TCAR using
IVL. The main objective of treatment was procedural suc-
cess plus the absence of stroke in the immediate and 30-
day postoperative periods. The goals of treatment
included an improvement in target lesion stenosis using
the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) criteria and nonsignificant residual
stenosis on follow-up imaging. The institutional review
board approved the present study (approval no. 014-
209). The patients were selected at the discretion of the
operating surgeon. Both patients had met the high-risk
criteria for TCAR. Patient 1 had had a contralateral inter-
nal carotid artery occlusion and patient 2 had a history of
head and neck radiation with contralateral laryngeal
nerve palsy. Both patients had asymptomatic stenosis
of $70% using the NASCET criteria. Preoperative imag-
ing studies with computed tomography angiography
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Fig 1. Preoperative computed tomography angiogram of patient 1.

Fig 2. Intraoperative imaging studies before and after intervention of patient 1.
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(CTA) of the neck and carotid duplex ultrasonography
were obtained. Surgery was performed by vascular sur-
geons with experience with TCAR and IVL.
The Shockwave peripheral IVL system (Shockwave

Medical, Fremont, Calif) consists of a generator,
connector cable, and a disposable catheter that contains
lithotripsy emitters in an integrated balloon to create a
field effect via sonic pressure waves. The peripheral IVL
system has been approved for lithotripsy-enhanced,
low-pressure balloon dilation of calcified, stenotic



Fig 3. Postoperative computed tomography angiogram of patient 1.

Fig 4. Preoperative computed tomography angiogram of patient 2.
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Fig 5. Intraoperative imaging studies before and after intervention of patient 2.
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peripheral and coronary arteries. It is available in eight di-
ameters, from 3.5 mm to 7.0 mm in 0.5-mm increments,
all 60 mm in length.6

The technical aspects and details of the TCAR proced-
ure have been well described.3,7 The technical aspects
of IVL in the peripheral and coronary circulation have
also been described.6,8,9 Both patients had undergone
surgery under general anesthesia with electroencephalo-
graphic monitoring. A transverse incision was made at
the base of the neck, between the sternal and clavicular
heads of the sternocleidomastoid, and the proximal
common carotid artery (CCA) was exposed. The CCA
was accessed using the ENROUTE TCAR (Silk Road Med-
ical, Sunnyvale, Calif) with the provided micropuncture
needle, wire, and sheath. An angiogram was performed
to identify the lesion. The common femoral vein was
accessed with the provided 8F sheath. Reversal of flow
from the CCA to the common femoral vein was initiated.
The CCA was clamped proximally to complete the
reversal of flow. The target lesion was crossed with a
long (300-cm) 0.014-in. wire. The kit-provided 0.014-in.
wire length will not accommodate the lithotripsy balloon
without loss of wire control, given a shaft length of
135 cm on the lithotripsy balloon. The lesion was predi-
lated with a lithotripsy balloon and inflated to 4 to
6 atm and activated to deliver 30 pulses within 30 sec-
onds before balloon deflation. This can be repeated for
a maximum of 300 pulses, with deflation required for
10 seconds between each cycle. The balloon was then
removed and the ENROUTE stent deployed across the
lesion. Postdilation can then be performed. Procedural
success was defined as a reduction of the stenosis
to <50% with the absence of stroke or death.

RESULTS
Patient 1. Patient 1 was a 73-year-old man with dia-

betes, hypertension, and hyperlipidemia. His preopera-
tive medications included amlodipine, aspirin,
clopidogrel, and atorvastatin. The lesion was asymp-
tomatic and had been found on routine screening. The



Fig 6. Postoperative computed tomography scan of patient 2.
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preoperative imaging study included CTA of the neck
with right internal carotid artery (ICA) occlusion and left-
sided ICA stenosis of 80% to 99% using the NASCET
criteria (Fig 1). Carotid duplex ultrasonography confirmed
a right ICA occlusion and >70% left ICA stenosis. Pre-
dilation of the lesion was performed with a 5-mm � 60-
mm lithotripsy balloon and delivery of a total of 120
pulses. The lesion was treated with an 8-mm � 40-mm
ENROUTE stent (Silk Road Medical). The stent was
postdilated with a 5.5-mm � 30-mm Viatrac balloon
(Abbott Vascular, Santa Clara, Calif). The flow reversal
time was 15 minutes. The post-treatment angiogram
demonstrated <50% stenosis (Fig 2). No complications
were noted in the immediate postoperative period or at
the 30-day follow-up examination. Postoperative CTA
revealed a residual 47% stenosis using the NASCET
criteria (Fig 3).

Patient 2. The second patient was an 81-year-old man
with hypertension, emphysema, hyperlipidemia, previ-
ous cancer of the tongue treated with radiation therapy,
and a resultant left recurrent laryngeal nerve palsy. The
patient was receiving b-blocker therapy, aspirin, and
clopidogrel. The patient was evaluated by the otorhino-
laryngology team before the procedure.
Preoperative imaging studies included CTA of the neck,

which revealed an 80% stenosis of the right ICA using
the NASCET criteria (Fig 4). TCAR was indicated second-
ary to the patient’s previous neck radiotherapy and
contralateral recurrent laryngeal nerve palsy. The lesion
was predilated using a 5-mm � 60-mm lithotripsy
balloon, with a total of 120 pulses. A second dilation
was performed with a 5.5-mm � 20-mm Viatrac balloon
(Abbott Vascular). A 10-mm � 40-mm ENROUTE (Silk
Road Medical) and a 10-mm � 30-mm XACT stent
(Abbott Vascular) were used. The lesion was postdilated
with a 6-mm � 30-mm Viatrac balloon. The flow reversal
time was 32 minutes. Post-treatment angiography
demonstrated <50% stenosis (Fig 5). The patient was
free of complications in the immediate postoperative
period and at the 30-day follow-up examination. The
follow-up CTA of the neck revealed a 37% ICA stenosis
(Fig 6).
DISCUSSION
Treating CAS with TCAR and IVL represents a treatment

modality for highly calcified or circumferentially calcified
carotid artery lesions in patients who would otherwise be
poor candidates for carotid stenting. IVL has been shown
to be a feasible, safe, and effective method for treating
calcified lesions in various vascular beds.6,8,9 The Disrupt
PAD II trial (shockwave lithoplasty DISRUPT trial for
PAD [peripheral arterial disease]) demonstrated good
long-term results with IVL peripherally and a low inci-
dence of complications.6 Given that complications
would be much less tolerable in the carotid artery, the
safety record with IVL is encouraging. The aim of the
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present study was to prove the technical feasibility of
combining these two relatively new technologies.

CONCLUSIONS
The present study has shown that adding IVL to TCAR is

possible and appears to be safe and feasible, at least for
our two patients treated with this modality. This com-
bined modality could provide an option for patients
who otherwise would be at high risk for CAS alone or
CEA because of highly calcified or circumferential calcifi-
cations of the carotid circulation. It would be of value to
investigate the short- and long-term outcomes of this
technique in a randomized, controlled trial with a larger
patient cohort to provide additional statistically relevant
information.
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