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Abstract

Double-lumen carotid plaque is a rare pathological condition, and only few reports about this
condition have been recorded in the literature. However, no study has used endovascular ther-
apy (EVT) for the treatment of double-lumen carotid plaque. Herein, we present a unique case of
double-lumen carotid plaque associated with severe stenosis that was successfully treated with
staged angioplasty (SAP). Moreover, a literature review of its pathology and other treatment
options has been conducted. SAP is a two-stage carotid artery stenting (CAS) that can prevent
hyperperfusion syndrome after revascularization. In this study, a 62-year-old man developed
walking disturbance and left hemiparesis. Magnetic resonance imaging (MRI) revealed ischemic
lesions in the watershed area of the right hemisphere and an irregular plaque in the right cervical
internal carotid artery (ICA). Ultrasonography showed 84% stenosis in the area and a double
lumen distal to the stenosis in the right ICA. Digital subtraction angiography (DSA) revealed a
double-lumen plaque with 70% stenosis based on the North American Symptomatic Carotid End-
arterectomy Trial criteria. SAP was performed after medication therapy and rehabilitation, and
the surgery was uneventful. A double-lumen carotid plaque associated with severe stenosis is a
rare condition with a high risk of emboli and stroke. In an unstable lesion, carotid endarterec-
tomy is the first option. However, since the patient in this case was at high risk for general anes-
thesia, SAP was performed. Hence, if an appropriate device is used, EVT can be a safe treatment
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strategy for unstable and atypical plaques as in this case.
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Introduction

Internal carotid artery (ICA) with a double-lumen
structure is a rare pathological condition, and only
a few reports about this condition are recorded in
the literature. Furthermore, the outcome of ICA
stenosis with a double-lumen structure treated by
endovascular therapy (EVT) is unknown.

Herein, we present a unique case of double-lumen
carotid plaque associated with severe stenosis treated
with staged angioplasty (SAP), a two-stage carotid
artery stenting (CAS). Moreover, a literature review of
its pathology and other treatment options was performed.
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Case Report

A 62-year-old man developed walking disturbance
and left hemiparesis. He was a smoker and had a
previous history of lung cancer, rheumatoid arthritis,
chronic obstructive pulmonary disease, hypertension,
and lipid disorder. He was immediately transported
to our hospital after the onset. Upon arrival, he was
awake and alert but presented with left hemiparesis,
with a manual muscle test score of 4. Magnetic
resonance imaging (MRI) revealed an ischemic lesion
in the watershed area of the right hemisphere
(Fig. 1A). Magnetic resonance angiography showed
severe stenosis and an irregular plaque in the right
cervical ICA (Fig. 1B). The plaque was hyperintense
on T1- and T2-weighted imaging (Figs. 1C and 1D).
Carotid angiography revealed 70% stenosis based on
the North American Symptomatic Carotid Endarter-
ectomy Trial criteria and a double lumen distal to
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Fig. 1 Diffusion-weighted imaging (A) revealed a watershed infarct in the territory of the right anterior circu-
lation. Magnetic resonance angiography (B) image showing a severe stenosis with an irregular plaque (arrowheads)
in the right ICA. The plaque (arrowheads) was hyperintense on T1- (C) and T2-weighted (D) MRI. Right CCA
angiography (E) and three-dimensional DSA (F) images showing a double-lumen plaque (arrowheads) in the right
ICA. Ultrasonography revealed a double lumen distal to the stenosis in the right ICA (surrounded area) (G). CCA:
common carotid artery, DSA: digital subtraction angiography, ICA: internal carotid artery, MRI: magnetic resonance

imaging.

the right ICA (Figs. 1E and 1F). Ultrasonography
revealed a heterogeneous plaque (mixed hyperechoic,
hypoechoic, and isoechoic) with 84% area stenosis and
a double lumen distal to the stenosis in the right ICA
(Fig. 1G). The peak systolic velocity (PSV) of the ICA
was 535 cm/s. N-isopropyl-p-[123I]-iodoamphetamine
(IMP) single-photon emission computed tomography
(SPECT) showed moderate decreased cerebral blood
flow in the frontal lobe and parietal lobe at rest. Thus,
medication therapy (aspirin 100 mg, clopidogrel 75 mg,
and pravastatin 10 mg) was initiated. The patient’s

neurological symptoms improved after rehabilitation,
with a Modified Rankin Scale score of 2; percuta-
neous coronary intervention was performed for 90%
stenosis in the right coronary artery. For the secondary
prevention of ischemic stroke, SAP was then consid-
ered for the management of severe ICA stenosis.

In the first procedure, lumen dilatation was reduced
to prevent hyperperfusion. After systemic heparin-
ization, the Mo.Ma Ultra device (Medtronic, Minne-
apolis, MN, USA) was inserted into the right external
carotid artery (ECA) (Fig. 2A). Total proximal carotid
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Fig. 2 Right CCA angiography before PTA image (A) showing severe stenosis in the right ICA and a balloon in
the CCA (black arrowhead) and proximal ECA (white arrowhead). PTA was performed using the SIDEN PTA
balloon measuring 2.0 x 40 mm through the anterior part of the double lumen (arrow), under total proximal
carotid flow arrest with balloon occlusion of the CCA (black arrowhead) and proximal ECA (white arrowhead)
(B). Right CCA angiography after PTA (C) showing dilatation of the ICA stenosis (arrow). CCA: common carotid
artery, ECA: external carotid artery, ICA: internal carotid artery, PTA: percutaneous transluminal angiography.

flow arrest was induced with balloon occlusion of
the common carotid artery (CCA) and proximal ECA.
SHIDEN PTA balloon measuring 2.0 x 40 mm (Kaneka
Medical Products, Osaka, Japan) was passed through
the anterior part of the double lumen and percuta-
neous transluminal angioplasty (PTA) was performed
(Figs. 2B and 2C). Then, the patient’s cerebral blood
flow improved. The patient did not present with
new neurological symptoms after the procedure. MRI
conducted 1 day after PTA did not show any isch-
emic infractions, and IMP SPECT performed 2 days
after PTA revealed no signs of hyperperfusion. The
PSV of the ICA was 336 cm/s 11 days after PTA.
Next, CAS was performed 13 days after PTA.
After systemic heparinization, the Mo.Ma Ultra
device (Medtronic) was inserted into the right ECA
(Fig. 3A). After balloon occlusion of the CCA and
proximal ECA, pre-dilation was conducted using
the SIDEN PTA balloon measuring 3.0 x 40 mm
(Kaneka Medical Products) through the anterior
part of the double lumen (Fig. 3B). Then the Carotid
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WALLSTENT measuring 10 x 31 mm (Boston
Scientific, St Albans, UK) was deployed, and
post-dilatation was performed using Rx-Genity
measuring 3.5 x 30 mm (Kaneka Medical Products)
(Figs. 3C—-3E). Subsequently, intracranial digital
subtraction angiography (DSA) revealed a higher
volume of cerebral blood flow (Figs. 3F and 3G).
MRI and IMP SPECT conducted 1 day after CAS
revealed no signs of ischemic infarction and hyper-
perfusion (Figs. 4A and 4B). The patient, with a
Modified Rankin Scale score of 1, was then
discharged 10 days after surgery.

Discussion

To date, the mechanism underlying the double-lumen
structure has not been fully elucidated. However,
several hypotheses have been proposed, and two
types of double lumen, namely, true-double lumen
(two true lumens) and a pseudo-double lumen (true
lumen with a false lumen), are described.



Y. Sato et al.

Fig. 3 Intraoperative findings during CAS. DSA before CAS (A), pre-dilation (B), stent deployment (C), post-dilation
(D), and DSA after CAS (E). Pre-CAS (F) and post-CAS (G) right common carotid angiography image showing a
higher cerebral blood flow volume. The Carotid WALLSTENT measuring 10 x 31 mm was deployed against the
anterior part of the double lumen (arrow). CAS: carotid artery stenting, DSA: digital subtraction angiography.

The most common cases of a true-double lumen
of the ICA involve fenestration and duplication as
an anatomical variation.’” Killien et al.¥ have shown
the duplication results from the fusion of the prim-
itive carotid plexus into two channels and described
the embryological abnormalities as a pathology.?

Gailloud et al.? hypothesized that the pseudo-double
lumen of the cervical ICA can be an anatomic variant
predisposing to arterial dissection.” In 2002, Yu et al.
reported another possible mechanism of pseudo-double
lumen of the ICA, which is the plaque anatomy, a
channel dissecting through the atherosclerotic plaque.’”
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Fig. 4 MRI (A) and IMP single-photon emission computed tomography (B) conducted 1 day after CAS showing
no signs of ischemic infarction and hyperperfusion syndrome. MRI: magnetic resonance imaging.

In this study, 320 plaque specimens were analyzed
with high-resolution MRI, and five cases of double
lumen were found, with an incidence rate of 1.6%.
The rate of neurologic symptoms in these cases was
significantly higher, indicating that the irregular surface
of the false lumen may cause embolization. This
carotid plaque morphologic abnormality may help
identify a lesion with high risk for associated emboli
and stroke.

In our case, based on the cerebral angiography and
MRI findings, the double lumen was considered a
pseudo-double lumen due to arteriosclerosis, as Yu
et al.’® have proposed, rather than the embryological
true-double lumen. The patient was old and had a
high risk of atherosclerotic carotid artery stenosis due
to a history of smoking, hypertension, and lipid
disorder.'**¥ Moreover, the patient had right coronary
artery stenosis, which is typical in atherosclerotic
carotid artery stenosis.'*'® However, he did not have
a history of neck pain, and there were no signs of
dissection in the computed tomography scan and MRI
images.'”*® These findings also support the diagnosis.

Several reports showed that CAS and SAP could
be considered a treatment option for severe ICA
stenosis.’®?? Patients with unstable plaque are
considered at high risk of distal embolism during
EVT.2824 To prevent stroke in an unstable region as
in this case, carotid endarterectomy may be the first
option.!” However, in this case, we chose CAS
because the patient had a history of lung cancer
and chronic obstructive pulmonary disease, suggesting
high risk of general anesthesia.

IMP SPECT showed moderate decreased cerebral
blood flow. Reduced collateral circulation was also
observed on DSA. Both observations are considered
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as a risk factor of hyperperfusion syndrome.?2%
Furthermore, it was difficult to predict the true risk
of hyperperfusion after CAS in a unique irregular
plaque like this. SAP is reported as an effective
method to prevent hyperperfusion. Therefore, we
selected SAP.

In this case, the carotid plaque was heterogeneous
and suspected unstable.?” The passage of the device
across an unstable lesion is an inherent risk of
embolization; a proximal balloon protection device
could be a better option in this type of plaque.?
Total proximal carotid flow arrest was induced using
the Mo.Ma Ultra device (Medtronic), and the proce-
dure was safely performed.

There are several reports comparing closed-cell
and open-cell stents for the treatment of ICA stenosis.
A large-scale clinical study showed that the 30-day
incidence of ipsilateral stroke was significantly
lower for closed-cell stents than for open-cell stents.??
However, there are reports showing that the embolic
complications do not differ according to stent
types.’®*Y At present, there is no consensus on the
appropriate stent that must be used in CAS. In this
case, a closed-cell stent was utilized because its
strut is thinner than that of an open-cell stent, and
its use is correlated to a lower plaque protrusion.
Thus, the procedure was safely performed.

We could not distinguish the true lumen with the
false lumen in this case. Therefore, we are not sure
which lumen the CAS was performed. We selected
the anterior part of the double lumen because the
blood flow was natural and the devices could be
easily inserted, so it is unknown whether CAS could
be accomplished through the false lumen. On the
other hand, in the cardiovascular field, PTA and
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stenting against the false lumen are performed.*?
However, it is uncertain whether this could be adapted
in the carotid artery. Optical coherence tomography
and intravascular ultrasound could be an option to
detect the intima and identify the true lumen.

Conclusion

We presented a case of double-lumen carotid plaque
associated with severe ICA stenosis. SAP was
performed to prevent hyperperfusion, and the patient
had a good outcome. If an appropriate device is
used, EVT can be a safe treatment strategy for
unstable plaques with an as in this case.
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