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Objective: A rare case of thromboembolic cerebral infarction due to carotid web in a

patient with congenital protein C deficiency is reported.

Case Presentation: A patient in her 40’s with left-side hemiparesis was transferred

to our hospital under continuous intravenous injection of heparin. Magnetic resonance

angiography demonstrated occlusion of the right middle cerebral artery (MCA).

Conventional angiography revealed recanalization of the right MCA and a carotid web

at the origin of the right internal carotid artery. Ultrasound scan of the carotid artery

on the 19th day revealed thrombus formation on the distal portion of the carotid web.

We performed carotid artery stenting to prevent thrombus formation by suppressing

the carotid web to the vessel wall and by regulating the turbulent flow. The patient

had no recurrence of stroke under-anticoagulation with warfarin during the 2-year

follow-up period.

Conclusion: To our knowledge, this is the first report in which an immediate thrombus

formation on the carotid web was observed in a patient with congenital protein

C deficiency. In a case of acute ischemic stroke with carotid web, especially when

congenital coagulopathy such as protein C deficiency is suspected, careful follow-up

with ultrasound imaging should be performed.
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INTRODUCTION

Carotid web is a shelf-like projection in the lumen of the internal carotid artery bulb and is
recognized as a cause of stroke. However, the optimal treatment for symptomatic carotid web
has not been thoroughly investigated (1). Moreover, congenital protein C deficiency induces
thrombogenicity and also increases the risk of arterial thromboembolism, especially in young
patients. There is no report on the clinical course and treatment strategy for a case complicated
by both carotid web and protein C deficiency. Here, we report a case of thromboembolic cerebral
infarction in which protein C deficiency was thought to accelerate thrombus formation on the
carotid web. We confirmed thrombus formation with carotid ultrasound.
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CASE PRESENTATION

A patient in her 40’s with a wake-up stroke resulting in left-side
hemiparesis was admitted to a previous hospital. The patient’s
head CT showed no evidence of cerebral hemorrhage, and
ischemic stroke was suspected. The patient was then transferred
to our hospital under continuous intravenous injection of low-
dose unfractionated heparin (5,000U intravenously, followed by
continuous infusion of 500U/h) prescribed by the physician
of the previous hospital. Her past medical history was
unremarkable, and she was under no medications. She did
not use tobacco or thrombogenic drugs such as steroids or
oral contraceptives. She had a negative family history for
stroke. Her pulse was 90 beats per minute, pulse rhythm was
regular, and blood pressure was 160/80mmHg. She did not
have any history of atrial fibrillation (AF). Her general physical
examination results were normal. Neurological examinations
revealed eye deviation to the right, severe inattentiveness on
the left side, and left-side hemiparesis with Manual Muscle
Testing scores of 1/5 for her left arm and 4/5 for her
left leg. Laboratory studies yielded the following results:
white blood cell count, 13,200/µl; C-reactive protein, 0.2
mg/dl; LDL-cholesterol, 83 mg/dl; fibrin/fibrinogen degradation
products, 0.0µg/ml; D-dimer, 0.2µg/ml; prothrombin time-
international normalized ratio, 1.32; and activated partial
thromboplastin time, 100 s (normal range: 25.0–38.0 s). Protein
C activity was 45% (normal range: 64–146%), total protein S
antigen was 78% (normal range: 60–150%), and antithrombin
activity was 84% (normal range: 80–120%). Tests for lupus

FIGURE 1 | (A) Diffusion-weighted magnetic resonance imaging on admission shows a hyperintense area in the territory of the right middle cerebral artery. (B)

Magnetic resonance angiography on admission shows right middle cerebral artery occlusion. (C) Digital subtraction angiography on admission shows a carotid web

(arrow) at the origin of the right internal carotid artery. (D) Digital subtraction angiography after carotid artery stenting on the 32nd day shows disappearance of the

web protruding into the carotid artery lumen. (E,F) Ultrasonography on the 2nd day shows a carotid web (arrow) at the origin of the right internal carotid artery

(E: brightness mode, F: B-flow mode). (G,H) Ultrasonography on the 19th day shows a carotid web (arrow) and new thrombus formation on the distal portion of the

carotid web (arrowhead) (G: brightness mode, H: B-flow mode).

anticoagulant, anti-cardiolipin antibodies, and anti-cardiolipin-
beta 2-glycoprotein I complex antibody were negative.

Head magnetic resonance imaging (MRI) demonstrated acute
cerebral infarction in the right middle cerebral artery (MCA)
territory (Figure 1A) and magnetic resonance angiography
(MRA) demonstrated occlusion of the main trunk of the right
MCA (Figure 1B).

Because 7 h had passed since her condition had been
confirmed normal, we attempted endovascular therapy.
However, conventional angiography revealed recanalization
of the right MCA and a carotid web at the origin of the right
internal carotid artery, which showed approximately 30%
stenosis according to the North American Symptomatic Carotid
Endarterectomy Trial criteria (Figure 1C).

CLINICAL COURSE AFTER ADMISSION

On the second day, carotid duplex Doppler ultrasound
confirmed the angiographic diagnosis (Figures 1E,F).
Ultrasound examination was performed on a Logiq 7 pro
(GE healthcare, Illinois, Chicago, USA) with a linear array
transducer (10 L probe).

We initiated antiplatelet therapy (clopidogrel 75 mg/day and
aspirin 100 mg/day) and anticoagulant therapy for a short
duration (argatroban, 60 mg/day for 2 days followed by 20
mg/day for 5 days). Subsequently, we stopped anticoagulant
therapy and continued with only antiplatelet therapy. However,
the follow-up ultrasound scan of the carotid artery on the 19th
day revealed thrombus formation on the distal portion of the
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carotid web (Figures 1G,H). We restarted anticoagulant therapy
(continuous infusion of 500U/h heparin, followed by 4mg/day
warfarin). On the 29th day, follow-up carotid ultrasound
scanning showed a decrease of the thrombus on the distal
portion of the carotid web. There was no new ischemic lesion
on MRI. After obtaining informed consent from the proband,
genetic analysis was done. The genetic analysis identified a single-
base substitution, c.631G>A; p.Arg211Trp (protein C Tochigi),
demonstrating a heterozygosity of the proband for congenital
protein C deficiency (2). Neither persistent nor paroxysmal
AF was detected by 24-h Holter monitoring. Transesophageal
echocardiography showed no embolic source in her heart or
aorta. Ultrasonography of the lower extremities showed no
deep vein thrombosis. Therefore, we speculated protein C
deficiency to have promoted thrombus formation on the web
when anticoagulation therapy was stopped, and we initially
proposed carotid endarterectomy to eliminate the web, providing
a scaffold for thrombus formation. However, because the patient
refused surgery, we changed our plan to perform carotid artery
stenting (CAS) to prevent thrombus formation by regulating
turbulent flow by suppressing the protruding web into the
carotid wall.

She underwent CAS on the 32nd day using a closed stent
under proximal and distal protection, with successful results
and no complications (Figure 1D). She was discharged home
with dexterity movement disorder in the right hand on the 50th
day and had no recurrence of stroke while under anticoagulant
therapy with warfarin during the 2-year follow-up period.

We have obtained a written informed consent from the
patient. This study was approved by the Kokura Memorial
Hospital Human Genome and Gene Analysis Research
Ethics Committee.

DISCUSSION

We report a case of thromboembolic cerebral infarction in
which protein C deficiency was thought to accelerate thrombus
formation on the distal portion of the carotid web. No recurrence
of stroke was noted for 2 years after carotid stenting with
anticoagulant therapy with warfarin.

Carotid web is a shelf-like intraluminal projection within
the internal carotid artery bulb and is referred to as a type
of fibromuscular dysplasia (3). It has been reported that the
prevalence of carotid web ranges from 9.4 to 37% in cases
of cryptogenic stroke of anterior circulation (4, 5). Moreover,
carotid web is recognized as a cause of recurring ischemic stroke
(6), the etiology of which is thought to be the web projecting into
the carotid arterial lumen, thus providing a scaffold for thrombus
formation and creating turbulent flow or flow stasis promoting
blood coagulation and resulting in thrombus formation (7). This
thrombus on the web, when scattered distally by the blood flow,
causes thromboembolic stroke. Our case showed an immediate
increase in thrombus formation on the web when anticoagulant
therapy was interrupted.

Protein C serves as the main anticoagulant factor responsible
for the negative feedback in the blood coagulation cascade.

Protein C-Tochigi houses one of the main gene mutations
(p.Arg211Trp) in the Japanese population and does not function
as an anticoagulant factor, thus resulting in protein C deficiency
(2). Protein C deficiency induces a hypercoagulable state
and mainly causes venous thromboembolism(VTE), including
deep vein thrombosis, pulmonary thromboembolism, and
mesenteric vein thrombosis (8). It has been reported that,
in protein C deficiency, the incidence of VTE is frequent
but that of arterial thrombosis is relatively rare (8–10).
However, protein C deficiency contributes to the younger onset
of arterial thromboembolism (11, 12). Moreover, in recent
years, it has been reported that protein C deficiency has a
strong association with arterial thromboembolism, especially
in the presence of additional vascular risks such as diabetes
mellitus (13).

Our case was thought to be associated with an extremely
high risk of recurrent stroke because of both carotid web, which
is a high-risk lesion related to recurrent stroke, and protein
C deficiency, which causes a hypercoagulable state. Here, we
confirmed rapidly increasing thrombus formation at the distal
portion of the carotid web using carotid ultrasound despite
the provision of antiplatelet therapy after discontinuation of
anticoagulant therapy. If the additional ultrasonic examination
had not been conducted, we would not have restarted
anticoagulant or considered surgical therapy, because we would
not have noticed the increase in thrombus formation. As a
result, there would have been a high possibility of recurrence of
cerebral infarction.

The optimal management strategy to prevent ischemic
stroke in patients with both carotid web and protein C
deficiency remains unknown. As for carotid web, Joux et al.
reported that the recurrence rate of ischemic stroke was 0%
in patients in whom it had been surgically removed and 30%
in patients receiving alternative medical therapy (14). Haussen
et al. performed sixteen CAS for symptomatic carotid web
and observed no recurrent stroke for the median follow up
of 4 months. (6) As in our case, recurrence of stroke has
not been observed for 2 years after CAS under anticoagulant
therapy with warfarin, and carotid stenting and anticoagulant
therapy may be an effective treatment option to prevent
ischemic stroke in patients with both carotid web and protein
C deficiency. However, careful follow-up is needed because
protein C deficiency can cause in-stent thrombus formation after
carotid stenting (15). To our knowledge, this is the first report
in which thrombus formation on the carotid web following
cessation of anticoagulant therapy was confirmed by carotid
ultrasonography in a patient with protein C deficiency. In
the case of acute ischemic stroke with carotid web, especially
when congenital coagulopathy such as protein C deficiency is
suspected, careful follow-up with ultrasound imaging should
be conducted. A limitation of this report is that only one
case was reported, and the follow-up period was relatively
short. Long-term follow-up should be performed to confirm
the efficacy of our treatment strategy for prevention of lifetime
recurrent stroke. Further studies should be accumulated to
confirm the optimal treatment for cases with carotid web and
congenital coagulopathy.
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