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Abstract The treatment for patients with near occlusion of the
cervical internal carotid artery (ICA) is controversial. The aim of
this study was to examine the results of carotid artery stenting
(CAS) as a surgical treatment for ICA near occlusion. Between
April 2008 and September 2012, 14 patients (all men; mean age,
75.4 years) with ICA near occlusion were treated with CAS.
This represents 5.2 % of a total of 267 patients treated with CAS
during the study period. All patients were treated with CAS
using an embolic protection device. The proximal balloon pro-
tection method was performed in five patients, and the dual
protection method using a proximal balloon and distal filter
protection was used in nine patients. We examined the change
of stenotic lesion, hyperintensity spot in diffusion-weighted
imaging (DWI), and perioperative complications after CAS.
All near occlusions were successfully dilated. Among 2 of 14
patients, DWI showed 1 and 4 hyperintensity spots. Transient
and persistent complications, including neurological deficits, did
not occur in any patients. In this small number of cases, CAS
using the proximal or dual embolic protection method seems to
be a safe and beneficial treatment for ICA near occlusion.
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Introduction

Near occlusion is defined as a severe stenosis of the internal
carotid artery (ICA) with a narrow residual lumen and a
collapsed distal portion induced by hypoperfusion [7]. The
management of patients with near occlusion remains ob-
scure. From analyses of the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) [15] and Europe-
an Carotid Surgery Trial (ECST) data [2], Rothwell et al.
[17] reported that the rate of stroke in patients with near
occlusion was low, and carotid endarterecomy (CEA) was of
little benefit in patients with near occlusion. However, in
another analysis of NASCET, Morgenstern et al. [13] re-
ported that the 1-year stroke risk in patients with near
occlusion with string treated medically and surgically were
11.1 % and 6.7 %, respectively, and CEA reduced the stroke
risk, regardless of the degree of stenosis or the subcategory
of carotid near occlusion. Therefore, surgical treatment for
patients with near occlusion remains controversial. Howev-
er, it has been shown that carotid artery stenting (CAS) with
embolic protection devices (EPDs) is not inferior to CEA as
a surgical treatment for patients with symptomatic or
asymptomatic extracranial ICA stenosis [1, 20]. Thus far,
there are only three studies of patients with ICA near occlu-
sion treated by CAS [5, 14, 19]. The aim of this study is to
examine the results of CAS as a surgical treatment for the
ICA near occlusion.

Material and methods

Patients

Our institutional review board approved this study; written
informed consent was obtained from all patients. Near occlu-
sion was defined as severe ICA stenosis with distal ICA
narrowing: an ICA/common carotid artery (CCA) ratio of
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<0.40 in men and <0.45 in women, as defined by Rothwell et
al. [16]. Between April 2008 and September 2012, 14 patients
with the ICA near occlusion were treated with CAS. All the
patients were men, and had a mean age of 75.4 years (range,
60–84 years). These patients were 5.2 % of the total 267 CAS
procedures performed during the study period. Ten patients
were symptomatic and 4 were asymptomatic, 7 had minor
stroke, and 3 had transient ischemic attack (TIA). In symp-
tomatic patients, the time interval between the ischemic event
and CAS was a mean of 29.3 days (range, 17–45 days).
Diagnostic angiography was performed in all patients. In all
patients, affected common carotid angiograms showed de-
layed arrival of contrast medium in the ICA to the head
compared to the external carotid artery (ECA). Contralateral
common carotid angiograms showed collateral flow with
cross filling the contralateral carotid artery in all patients.
The clinical characteristics of the patients are shown in
Table 1.

Procedures

Dual (10 patients) or triple (4 patients) antiplatelet drugs
(clopidogrel, 75 mg; aspirin, 100 mg; and cilostazol, 200 mg)
were administered at least 1 week before CAS. All CAS pro-
cedures were performed by the same neurointerventionist un-
der local anesthesia. A 9-Fr sheath was placed into the femoral
artery, and a 4-Fr sheath was placed into the femoral vein. After
placement of the 2 sheaths, the activated clotting time was kept
between 300 and 350 s during the procedure by the intravenous
administration of heparin. A 9-Fr occlusion balloon-guiding
catheter (OPTIMO; TokaiMedical Products, Aichi, Japan) was

introduced into the CCA. The proximal end of the 9-Fr
occlusion balloon-guiding catheter was connected with
the 4-Fr sheath inserted into the femoral vein via the
filter device to eliminate debris. Next, a balloon wire
system (GuardWire; Medtronic, Minneapolis, MN) was
introduced into the ECA. Both the CCA and ECA were
occluded, and a contrast medium was gently injected. It
was confirmed to reverse to the lumen of the balloon-
guiding catheter without the contrast medium flowing to
the distal ICA (reversed flow condition). The reversed
arterial blood flow was returned to the venous circula-
tion via a 4-Fr sheath placed in the femoral vein via the
filter device to eliminate debris. Under the reversed flow
conditions by CCA and ECA balloon occlusion (proximal
balloon protection), a 0.014-in. microguidewire crossed the
stenotic lesion and was introduced into the high cervical ICA.
Predilation was performed with a 3.0-mm PTA balloon cath-
eter. Furthermore, a filter wire was used simultaneously under
proximal balloon protection if the diameter of ICAwas recov-
ered after predilation (dual protection). CAS procedures were
performed using two types of embolic protection methods, as
shown in Table 1. In five patients, a proximal balloon protec-
tion method was used. In nine patients, a dual protection
method with a proximal balloon and distal filter protection
was used.

Proximal balloon protection method

Under reversed flow conditions by CCA and ECA balloon
occlusion, a 0.014-in. microguidewire crossed the stenotic
lesion and was introduced into the high cervical ICA

Table 1 Summary of 14 patients with near occlusion of the ICA

Patients Age/sex Symptom Time
interval (days)

Side IC/CC Protection
method

Stent High-intensity
spot on DWI

Complication Follow-up
period (months)

1 60/M Asymptomatic N/A Lt 0.30 Proximal PRECISE (−) (−) 29

2 77/M Infarction 20 Rt 0.28 Proximal Carotid Wallstent (−) (−) 29

3 70/M Infarction 35 Lt 0.30 Dual Carotid Wallstent 1 spot (−) 26

4 69/M Infarction 45 Rt 0.32 Dual Carotid Wallstent (−) (−) 22

5 80/M Infarction 24 Rt 0.29 Dual Carotid Wallstent (−) (−) 21

6 81/M Infarction 27 Rt 0.38 Dual PRECISE (−) (−) 18

7 73/M Infarction 28 Lt 0.20 Dual Carotid Wallstent (−) (−) 16

8 81/M TIA 40 Lt 0.24 Dual PRECISE (−) (−) 15

9 75/M Asymptomatic N/A Lt 0.39 Dual Carotid Wallstent 4 spots (−) 14

10 78/M TIA 28 Lt 0.26 Proximal Carotid Wallstent (−) (−) 14

11 77/M Asymptomatic N/A Rt 0.30 Dual Carotid Wall (−) (−) 14

12 83/M TIA 29 Lt 0.12 Proximal PRECISE (−) (−) 7

13 67/M Asymptomatic N/A Rt 0.38 Proximal PRECISE (−) (−) 5

14 84/M Infarction 17 Rt 0.32 Dual Carotid Wallstent (−) (−) 5

CC common carotid artery, IC internal carotid artery, M man, Rt right, Lt left, DWI diffusion-weighted imaging, TIA transient ischemic attack, N/A
not applicable
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(Fig. 1a, b). Predilation was performed using a 3.0-mm PTA
balloon catheter. A self-expanding stent (PRECISE; John-
son & Johnson, Miami Lakes, FL or Carotid Wallstent;
Boston Scientific, Natick, MA) larger than the diameter of
the CCAwas deployed from the distal portion of the stenotic
ICA to the CCA. If the ICAwas very tortuous, an open cell
stent (PRECISE) was chosen; otherwise, a closed cell stent
(Carotid Wallstent) was chosen. Postdilation was performed,
and intravascular ultrasound (IVUS) was performed in all
patients for the presence of eventual in-stent prolapse. If
IVUS did not show the presence of eventual in-stent pro-
lapse, the proximal balloons were then deflated.

Dual protection method with proximal balloon and distal
filter protection

Under the reversed flow conditions by CCA and ECA balloon
occlusion, a 0.014-in. microguidewire crossed the stenotic
lesion and was introduced into the high cervical ICA.
Predilation was performed using a 3.0-mm PTA balloon cath-
eter. Next, a filter-wire (Angioguard; Johnson & Johnson,
Miami Lakes, FL or FilterWire EZ; Boston Scientific, Natick,
MA) crossed the stenotic lesion and was introduced into the
high cervical ICA, and the 0.014-in. microguidewire was
withdrawn. The following procedure was performed with
the dual protection method using the proximal balloon and

the distal filter protection devices simultaneously (Fig. 1c, d).
A self-expanding stent (PRECISE or CarotidWallstent) larger
than the diameter of the CCA was deployed from the distal
portion of the stenotic ICA to the CCA. If the ICA was very
tortuous, an open cell stent (PRECISE) was chosen; other-
wise, a closed cell stent (Carotid Wallstent) was chosen.
Postdilation was performed, and IVUS was performed in all
patients for the presence of eventual in-stent prolapse. If IVUS
did not show the presence of eventual in-stent prolapse, after
withdrawing of the filter wire, the proximal balloons were
deflated.

After stent deployment, argatroban (2.5 mg/h) was con-
tinued for 24 h. The day after CAS, dual antiplatelet drugs
were administered for 3 months and a single antiplatelet
drug was prescribed indefinitely.

Postoperative evaluation

We examined a change of stenotic lesion, perioperative
complications after CAS, and hyperintensity spots on
diffusion-weighted imaging (DWI). Baseline magnetic res-
onance imaging (MRI) was performed in all patients within
2 days before CAS. MRI after CAS was performed within
2 days in all patients to evaluate the ischemic lesions related
to the CAS procedure. By comparing the preoperative and
postoperative DWI-MRI, the occurrence of newly appearing
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Fig. 1 a Lateral unsubtracted angiographic view using the proximal
balloon protection method. The ECA was occluded with the balloon
(arrow) and the CCAwas occluded with the balloon (double arrows). b
Diagram showing the proximal balloon protection method. The ECA
was occluded with the balloon (arrow) and the CCAwas occluded with
the balloon (double arrows). The proximal end of the balloon-guiding
catheter was connected with the 4-Fr sheath inserted into the femoral
vein via the filter device. c Lateral unsubtracted angiographic view in
dual protection using the proximal balloon and distal filter protection

method. The ECAwas occluded with the balloon (arrow) and the CCA
was occluded with the balloon (double arrows) and the filter wire
(triple arrows) was introduced into the high cervical ICA. d Diagram
showing dual protection with the proximal balloon and distal filter
protection method. The ECA was occluded with the balloon (arrow)
and the CCA was occluded with the balloon (double arrows) and the
filter wire (triple arrows) was introduced into the high cervical ICA.
The proximal end of the balloon-guiding catheter was connected with
the 4-Fr sheath inserted into the femoral vein via the filter device
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hyperintensity spots was counted. We then performed neck
computed tomography (CT) angiographic and/or duplex
sonographic evaluation the day after the procedure and after
1, 3, 6, and 12 months for the first year and then annually to
determine clinical outcome, vessel patency, or possible
restenosis.

Results

Because all patients were men, the ICA/CCA ratio of all
patients was smaller than 0.40. During the procedure,
predilation of the stenosis was required in all patients to
allow deployment of the stent. IVUS did not show the
presence of eventual in-stent prolapse in any patient. All
patients were successfully treated and showed satisfactory
dilation. No new neurological deficits related to the treated
lesion appeared during or after the procedure during the
follow-up periods (mean, 16.7 months; range, 5–29 months).
By comparing the preoperative and postoperative DWI-
MRI, newly appearing hyperintensity spots were observed
in 2 patients (14 %), as shown in Table 1. The number of
hyperintensity spots in these patients was 1 and 4, and the
diameter of each spot was 2 mm for both patients.

Illustrative cases

Patient 7

A 73-year-old man presented with right hemiparesis. DWI-
MRI showed a scattered hyperintensity lesion in the left
cerebral hemisphere, and MR angiography showed signal
declines from the supraclinoid to cervical portion of left
ICA. Neck CT angiography showed collapse of the left
distal ICA in comparison to the normal caliber right distal
ICA (Fig. 2a). These arteries were continuous from the
proximal carotid bulb and were headed toward the carotid
canal. We diagnosed acute brain infarction as artery-to-
artery embolism due to ICA stenosis. The patient received
clopidogrel (75 mg/day) and aspirin (100 mg/day), and CAS
was planned to prevent recurrent attacks by symptomatic
ICA severe stenosis. Cilostazol (200 mg/day) was added
1 week before CAS. Four weeks after onset, the CAS
procedure was performed under local anesthesia. The right
angiogram showed collateral flow with cross filling of con-
tralateral anterior circulation via the anterior communicating
artery (Fig. 2b). The left angiogram showed near occlusion
of the left cervical ICA with the ICA/CCA ratio of 0.20
(Fig. 2c). CAS was performed using a dual protection meth-
od with proximal balloon and distal filter protection. Under
CCA and ECA balloon occlusion, a microguidewire crossed
the stenotic lesion and predilation was performed with a
3.0×40-mm PTA balloon catheter. Next, a filter-wire

crossed the stenotic lesion and was introduced into the high
cervical ICA. The following procedure was performed with
dual protection using the proximal balloon and distal filter
protection (dual protection). An 8×21-mm self-expanding
stent (Carotid Wallstent) was deployed from the distal por-
tion of the stenotic ICA to the CCA. Postdilation was
performed using a 4.0×30-mm balloon catheter. There was
no residual stenosis of the lesion after CAS (Fig. 2d). Post-
operative DWI showed no hyperintensity lesions. The pa-
tient was discharged with no new neurological deficits.

Patient 12

An 83-year-old man presented with transient hemiparesis.
DWI showed no abnormal lesions. MR angiography
showed signal declines from the supraclinoid to cervical
portion of the left ICA. Neck CT angiography showed
collapse of the left distal ICA in comparison to the normal
caliber right distal ICA (Fig. 3a). These arteries were con-
tinuous from the proximal carotid bulb and were headed
toward the carotid canal. We diagnosed the patients with
TIA due to ICA severe stenosis. The patient received
clopidogrel (75 mg/day) and aspirin (100 mg/day), and
CAS was planned to prevent recurrent attacks by symptom-
atic ICA severe stenosis. Four weeks after onset, the CAS
procedure was performed under local anesthesia. The right
angiogram showed collateral flow with cross filling of con-
tralateral anterior circulation via the anterior communicating
artery (Fig. 3b). The left angiogram showed the near occlu-
sion of the left cervical ICAwith the ICA/CCA ratio of 0.12
(Fig. 3c). CAS was performed using a proximal balloon
protection method. Under CCA and ECA balloon occlusion
(proximal balloon protection), a microguidewire crossed the
stenotic lesion and predilation was performed with a 3.0×
40-mm PTA balloon catheter (Fig. 3d). A 9×40-mm self-
expanding stent (PRECISE) was deployed from the distal
portion of the stenotic ICA to the CCA. Postdilation was
performed with a 5.0×20-mm balloon catheter. There was
no residual stenosis of the lesion after CAS (Fig. 3e). Post-
operative DWI showed no hyperintensity lesion. Four days
after CAS, the patient was discharged with no neurological
deficits.

Discussion

Near occlusion of the cervical ICA is the appearance of partial
luminal diameter decrease or virtual luminal collapse of an
otherwise normal-appearing artery beyond a prominent carotid
bulb stenosis [3, 4]. This disease is uncommon and is referred
to by a number of phrases: pseudoocclusion [10, 18], angio-
graphic string sign [12], and the slim sign [10]. The natural
history of ICA near occlusion is obscure, and the treatment for
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patients with near occlusion remains controversial. From the
NASCET data, Morgenstern et al. [13] reported that the 1-
year-stroke risk after medical treatment was 11.1 % in patients
with near occlusion with string versus 35.1 % in patients with
90 % to 94 % stenosis. From ECST data, Rothwell et al. [16]
defined poststenotic narrowing of the ICA (near occlusion) as
an ICA/CCA ratio of <0.40 in men and <0.45 in women, and
reported that the 5-year stroke risk after medical treatment was
8 % in patients with 70% to 99% stenosis and ICA narrowing
versus 25 % in patients without narrowing. They concluded

that poststenotic narrowing of the ICA (near occlusion) was
associated with a low risk of stroke after medical treatment.
Although the NASCETand ECST data have demonstrated that
the stroke rate of near occlusion is not high compared to severe
stenosis without narrowing of the ICA, stroke risk of near
occlusion after medical treatment only is not low.

The benefit of surgical treatment for patients with near
occlusion is controversial. Rothwell et al. [17] remeasured
the prerandomization ECSTcarotid angiograms and redefined
the outcome events in the same manner as NASCET. They
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Fig. 2 Patient 7: Patient with symptomatic cervical ICA near occlu-
sion. a CT angiography showed collapse of the left distal ICA (arrow-
head) compared to the normal caliber right distal ICA (arrow). b The
right angiogram showed collateral flow with cross filling of contralat-
eral anterior circulation via the anterior communicating artery. c

Preoperative lateral view of the digital subtraction angiogram showed
that the left ICA was faintly opacified, but that the distal portion was
not identified in the arterial phase. The ICA/CCA ratio was 0.20. d
Postoperative lateral view of the digital subtraction angiogram showed
that the stenotic lesion was well dilated after stenting
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Fig. 3 Patient 12: Patient with symptomatic cervical ICA near occlusion.
a CT angiography showed collapse of the left distal ICA (arrowhead)
compared to the normal caliber right distal ICA (arrow). b The right
angiogram showed collateral flow with cross filling of contralateral
anterior circulation via the anterior communicating artery. c Preoperative
lateral view of the digital subtraction angiogram showed that left ICAwas
faintly opacified, but that the distal portion was not identified in the

arterial phase. The ICA/CCA ratio was 0.12. d Lateral unsubtracted
angiographic view in proximal balloon protection method showed that
the ECA and CCAwere occluded with the balloon, and the stenotic lesion
was dilated with the PTA balloon. e Postoperative lateral view of the
digital subtraction angiogram showed that the stenotic lesion was well
dilated after stenting
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concluded that CEA was of no benefit in patients with near
occlusion. On the other hand, Morgenstern et al. [13] reported
that CEA reduced the 1-year stroke risk from 11.1 % to 6.7 %,
and that CEA was beneficial for near occlusion and no more
dangerous than in patients with ICA severe stenosis without
distal narrowing. From these results, we believe that surgical
treatment is a beneficial treatment for patients with near
occlusion.

CAS has been increasing since the introduction of de-
vices to protect against embolic complications during the
procedure because endovascular therapy is less invasive
than CEA [19, 20]. In a randomized trial comparing CAS
with the use of an EPD to CEA in patients with coexisting
conditions that potentially increased the risk posed by CEA,
CAS with the use of an EPD is not inferior to CEA [20].
Furthermore, no significant differences could be shown in
long-term outcomes between patients who underwent CAS
with an EPD and those who underwent CEA [6]. In a
randomized trial comparing CAS with the use of an EPD
to CEA in patients with symptomatic or asymptomatic ca-
rotid stenosis, the risk of stroke, myocardial infarction, or
death did not differ significantly in the group undergoing
CAS and the group undergoing CEA [1]. CAS with the use
of an EPD does not seem to be inferior or equal to CEA.

There are three studies of patients with ICA near occlu-
sion treated by CAS [5, 14, 19]. Terada et al. [19] examined
the clinical results and complications of 20 CAS procedures
in patients with ICA near occlusion. EPD was used in 19 of
20 procedures (15 distal balloon protection and 4 proximal
balloon protection). The clinical results of CAS for ICA
near occlusion under embolic protection were fairly good
results from the viewpoint of periprocedural neurological
morbidity, angiographic follow-up results, and stroke pre-
vention. They concluded that CAS could be considered an
alternative to CEA in patients with ICA near occlusion.
Nikas et al. [14] examined the safety and effectiveness of
25 CAS procedures in patients with ICA near occlusion.
EPD was used in all procedures (1 distal filter protection and
24 proximal protection). They concluded that CAS under
proximal cerebral protection seemed to be a feasible and
safe procedure to manage patients with ICA near occlusion.
González et al. [5] examined the results and complications
of 116 CAS procedures in patients with ICA near occlusion.
EPD was used in 92 patients (79.3 %) and all of the protec-
tion methods were distal balloon protection. They conclud-
ed that CAS would be beneficial when performed by an
experienced neurointerventional team. CAS with the use of
EPD seems to be a safe and effective procedure for patients
with ICA near occlusion.

In this study, we performed CAS in patients with ICA
near occlusion. For a periprocedural antiplatelet agent, we
used triple antiplatelet agents before CAS. The usefulness of
triple antiplatelet therapy has been already reported in

comparison with dual antiplatelet therapy in patients under-
going coronary stenting [8, 9]. Furthermore, we investigated
the radiographic characteristics and outcome of DWI
changes in the coiling of unruptured cerebral aneurysm by
analyzing the correlation of antiplatelet therapy. We reported
that the periprocedural use of multiple (dual or triple)
antiplatelet drugs was expected to reduce the volume of
thromboembolism and permanent tissue damage [11].
Therefore, we believe that the use of triple antiplatelet drugs
during the periprocedural period is useful. In the protection
method, we performed CAS using dual protection method
with proximal balloon and distal filter protection. If proxi-
mal balloon protection was well applied, filter device may
be not needed. However, we thought that reversed flow
condition may not be achieved during delivery of a PTA
balloon catheter or stent through the lumen of the balloon-
guiding catheter. If reversed flow condition may not be
achieved, there was the risk of the debris migration into
the cerebral arteries. Therefore, we performed CAS using
dual protection method with proximal balloon and distal
filter protection to ensure debris capture. As the result of
CAS using proximal or dual embolic protection method, all
near occlusions were successfully dilated, and the stenotic
rate improved. Transient and persistent complications, in-
cluding neurological deficits, did not occur in any patient.
CAS using the proximal or dual embolic protection method
as a surgical treatment was safe and beneficial for an ICA
near occlusion. However, our study is limited by the small
number of cases. Furthermore, there are few studies of CAS
for patients with ICA near occlusion [5, 12, 17]. Therefore, a
larger number of CAS patients with ICA near occlusion are
necessary.

In conclusion, our study showed that CAS using the
proximal or dual embolic protection method as a surgical
treatment is safe and beneficial for the ICA near occlusion.
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Comments

Gerasimos Baltsavias, Zurich, Switzerland
I think the present report about carotid stenting for near occlusion of the

cervical carotid artery is interesting for a couple of reasons. Apart from the
technical aspects of the described technique which is eloquently presented,
it is very interesting to realize how broad is the spectrum of periprocedural
management and techniques which are currently used in various depart-
ments from different endovascular groups to treat the same disease: From
9Fr guide catheter, double protection devices and triple antiplatelet agents,
as in the current group, to 6Fr guide catheter, without protection devices
and double antiplatelet agents practiced by other groups including ours.
This variety of approaches reminds us once again how a good result can be
achieved through different approaches. On the other hand, it highlights the
need for larger studies and guidelines at least for some aspects of our
practice as the antithrombotic regime. Personally and despite this interest-
ing aspect of this report, I would be rather reluctant to apply or recommend
the presented technique and rational. One significant reason, among others,
is its contrariety to the highly appreciated “kisss” principle1 (keep it simple,
short and safe). Interestingly enough and despite the double and triple
protection, the known and clinically silent DWI lesions were still detected
postoperatively in a small percentage of patients.

1. Adopted from: A neurosurgeon’s notebook. One man’s way of
trying to avoid trouble. CBT Adams. Oxford Blackwell Science. 1998

William W. Ashley Jr. and Christopher M. Loftus, Maywood, USA.
In “Carotid artery stenting using the proximal or dual protection

method for near occlusion of the cervical internal carotid artery”, the
authors present a retrospective analysis of data from 10 symptomatic
and 4 asymptomatic patients with carotid near occlusion treated at a
single institution over an approximately 4.5-year period. All 14 pa-
tients were male and the mean age was about 75 years of age. They
were treated with carotid artery stenting using proximal protection
alone (n=5) or proximal protection combined with distal protection
(n=9). Four patients received triple antiplatelet regimens and 10 re-
ceived dual antiplatelet regimens. Symptomatic patients were treated
within an average of 29 days from onset of symptoms. MRS data is not
presented but the mean follow-up was about 17 months (range 5–29).
All near occlusions were successfully dilated and there were no tran-
sient or permanent complications. There were only 2 patients who
showed new small T2 hyperintensities on follow-up MRI.

We would like to thank the authors for presenting this stimulating
paper. As they point out, carotid near occlusion is a controversial topic.
Thus we appreciate the effort to add further improve the treatment of
these complex patients. As the authors themselves point out, this is a
small non-randomized retrospective chart review. It is not clear wheth-
er the patients were treated by the same practitioner but there is a great
deal of variability (antiplatelet regimen, type of stent, type of protec-
tion, symptomatic status in the methods used to treat these patients). As
a result, no meaningful comparisons can be made between the very
small sub-groups. We want to congratulate the authors on excellent
results in this small group of difficult patients. We agree that by using
careful technique and patient selection, carotid near occlusion can be
safely and effectively treated using CAS in some patients.

This paper brings up some very important issues. First, it is not clear as to
the true natural history of this phenomenon. How does near occlusion fall in
the continuum between a normal patent vessel and a completely occluded
one?Arewe seeing a point in the temporal progression toward occlusion or is
near occlusion a different pathophysiologic phenomenon? Our understanding
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of the answers to these questions will inform our understanding of the risk of
stroke associated with near occlusion. Some analysis of data from the
NASCET and ECST trials suggests that carotid near occlusion is low risk
while other suggests that treating near occlusion may be of benefit. Unfortu-
nately, due to the relatively rarity of the problem and heterogeneity of the
patient population, we do not have adequate evidence from which to draw
conclusions. Thus it is still not clear whether we should aggressive treat
carotid near occlusion. We must make decisions based on individual patient
data. Patient symptoms, the chronicity of the lesion, the type of prior medical
therapy, the type and stability of the collateral network and other factors must
be considered. Certainly an acute near occlusion in a symptomatic patient
seems like a reasonable candidate for therapy. But what of the asymptomatic
patient with a chronic narrowing?

Next even if we should treat, what methodology should we use? Again
we do not have any randomized controlled trials comparing revasculariza-
tion to medical therapy for carotid near occlusion. Similarly we do not have
good studies comparing CEA to CAS for this subset of patients. This paper
highlights the fact that it can be done but we must organize larger well
designed studies or, at least, effective registries with standardized treatment
regimens to further understand the issue. In this paper the patient population
was relatively old with a mean age of 75 and a range from 60 to 84 years of
age. If we are to generalize and believe the CREST data, there are at least
some of these patients (35% of patients in the studywere over 80 years old)
that would be better treatedwith CEA. It would be interesting to knowmore
about how the authors chose which patients with near occlusion to treat
using CAS versus CEA. And were there any near occlusions that they
chose not to treat at all and why? Again, we need more studies.

If we are going to treat using CAS, who do we treat and how dowe do
it? The CRESTstudy suggested that CAS is not inferior to CEA. In reality
CAS is probably better for some and CEA better for others. Improve-
ments in technology may result in further expansion of the group who is
best treated using CAS. The authors took advantage of multiple strategies
to improve the safety and effectiveness of CAS including multiple pro-
tection strategies, dual and triple antiplatelet agents and intravascular
ultrasound to check the quality of stent placement. They used these
techniques in a heterogeneous fashion and achieved excellent results.
We need to knowmore about when to choose each one of these strategies
to optimize results. In terms of protection, there is mounting evidence that
proximal protection may provide benefit over distal protection because
one can avoid crossing the lesion unprotected. But it may be harmful in
patients with poor collaterals or the isolated hemisphere. However, the
benefit of a dual strategy of proximal and distal protection has not been
proven. The authors used a dual strategy when they thought balloon
deployment would be less than optimal. But in these cases would it be
better to just use a distal protection device? We need to know more about
the collateral networks in this group of patients to help us decide which
device to use. In those with robust collaterals, proximal protection with or
without a DPD may be all that is necessary. The choice to use an

additional antiplatelet agent is also controversial. In coronary stenting
and peripheral vascular studies, an additional agent has been shown to
improve rates of restenosis and need for re-treatment. But it is postulated
that is likely relate to providing a failsafe for those that are resistant to
ASA or clopidogrel. Indeed, it may be that a more effective pre-treatment
analysis of ASA or clopidogrel sensitivity may be more useful and safer
than adding a third agent to all patients. The authors chose to use three
agents in 4 patients but do not mention why they made this choice. IVUS
has been shown to be effective in quality assurance after carotid stenting.
It helps discover cases of poor stent apposition, or positioning or intra-
vascular clot extruded through the stent. In small studies, it has not been
shown to yield major improvements in outcomes from carotid stenting
but has lead to decreased need for retreatment due to restenosis.

In addition to the three studies mentioned in this paper, there are at
least three other papers that deal with this topic and show high proce-
dural success rates with good outcomes. Most recently Ruiz-Salmerón
et al. (2013) analyzed 54 patient with carotid near occlusion treated
with CAS. They used proximal protection in over 50 % of the patients
and, like the current study presented herein, they showed a 96 %
success rate. However, they also showed that stenting in cases of
near-occlusion caused increased detachment of plaque, as shown by
higher percentages of macroscopic plaque captured by protection de-
vices (18.5 % vs. 7 %, P=.01) and of perioperative ischemic brain
lesions (47 % vs. 31 %, P=.07). They showed that in 30 days of
follow-up, the tendency toward adverse neurological events (death,
major and minor stroke) was higher in the near-occlusion group
(9.2 % vs. 3.2 %, P=.08). These data are different from the experience
of the current authors. These differences emphasize the need for further
and better controlled studies.

It is an exciting time. We now have many more tools available. This
study and others highlight the breadth and variation of techniques that can be
employed to treat carotid near occlusion and and also the need also the need
for further stringent investigative to help us optimize our treatment choices.
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