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Introduction

Ithough tinnitus is a common symptom,

with an incidence of 4%-20%, pulsatile
tinnitus affects <10% of all tinnitus patients.!"
Unlike permanent tinnitus, pulsatile tinnitus
is mainly related to vascular pathologies,
which cause a change in blood volume and
pressure or a change in vessel lumen. The
differential diagnosis of pulsatile tinnitus
includes dural arteriovenous fistulas,
dural sinus stenosis, glomus tumors of the
jugular foramen, or atherosclerotic diseases
of the carotid artery.?®! Fibromuscular
dysplasia (FMD) is a known cause of
pulsatile tinnitus that can, on rare occasions,
evolve into an incapacitating condition.
FMD generates a turbulent blood flow in the
carotid artery, and the swirling effect created
can cause tinnitus. It is a noninflammatory,
nonatherosclerotic arteriopathy of unknown
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Fibromuscular dysplasia (FMD) is a known cause of pulsatile tinnitus that can, on rare occasion,
evolve into an incapacitating condition. It is a noninflammatory and nonatherosclerotic arteriopathy of
unknown cause that affects medium-sized vessels, such as the carotid and renal arteries, occurring
mainly in women. We describe a 72-year-old woman suffering from pulsatile tinnitus refractory to
medical treatment who was successfully treated with Casper stent in the carotid artery. The different
treatment strategies published in the literature were reviewed.

Carotid artery angioplasty stenting, Casper stent, dual-layer stent, fibromuscular dysplasia, tinnitus

cause that affects medium-sized vessels, such
as the carotid and renal arteries, occurring
mainly in women.™! The typical finding
in angiography is a multifocal concentric
luminal narrowing alternating with areas of
mural dilation, which gives the appearance
of a string of beads.’! FMD can also cause
stenosis, aneurysm, dissection, occlusion,
and artery tortuosity.l! We describe herein
the case of a woman with refractory pulsatile
tinnitus who was successfully treated with
Casper stent placement in the carotid artery.

Case Report

A female in her 70s reported pulsatile
tinnitus on the right and left retromastoid
region, described “as the sound of her
heart beating in her head.” Initially,
symptoms appeared with physical activity
and at night. Overtime, symptoms started
occurring during daily activities and waking
the patient during the night. Physical
examination showed a bilateral carotid
murmur, more intense on the right.
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Computed tomography (CT) angiography
showed signs of FMD in both cervical carotid
arteries. Propranolol (40 mg twice a day) partially
relieved the symptoms, but they kept worsening
and clonazepam (0.25 mg three times a day) and
zolpidem (10 mg) were prescribed. The symptoms kept
progressing and became unbearable (10 out of 10 intensity
on the right side and 1 out of 10 on the left), limiting
daily activities and causing insomnia. After 2 years
of outpatient follow-up, we discussed endovascular
approach with the patient, which was accepted.

Aspirin dose was increased from 100 to 300 mg, and
clopidogrel was started 7 days before the procedure.
Local anesthesia was used. After a right femoral puncture
with a 6F introducer sheath, 7,500 IU of heparin was
administered intravenously. A 6F Mach 1 guide catheter
was positioned in the right common carotid artery and
a 0.014 Whisper guide wire (Abbott Vascular, Abbott
Park, IL, USA) was positioned at the petrous carotid
artery. A Casper™ 8 mm x 40 mm stent (MicroVention,
Inc., Tustin, CA, USA) was placed, covering the entire
length of the dysplasia. Balloon angioplasty was not
performed, and a cerebral protection system was not
used. A three-dimensional angiography was performed
before and after the procedure [Figure 1]. The technique
and the mechanical behavior of the Casper stent have
been described elsewhere.®! The patient reported
immediate symptom relief after stenting and was
discharged within 24 h without complications. We
prescribed clopidogrel 75 mg daily for 3 months and
aspirin 300 mg for 12 months.

After 12-month follow-up, the patient reported that
her tinnitus rated 0 out of 10 on the right side and 1
out of 10 on the left side. No carotid murmur could be
heard on the treated side. A control CT angiography
was performed at 12 months, and showed excellent
results [Figure 2].

Figure 1: (a) Work incidence of pretreatment three-dimensional angiography
showing the characteristic string of bead appearance of fibromuscular dysplasia
in the right cervical internal carotid artery. (a) Work incidence of posttreatment
three-dimensional angiography showing the right cervical internal carotid artery.
The white arrows showing mechanical spasm
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Discussion

Pulsatile tinnitusisacommon symptom in cerebrovascular
FMD, found in up to 33.4% of patients,'*”! although it is
generally of low intensity. However, a small number
of patients have debilitating symptoms that disrupt
activities of daily living. In addition to clinical symptoms,
FMD may lead to a series of complications, such as
transient ischemic attack, stroke, spontaneous dissection,
and brain aneurysm.!'""! Although the number of patients
who experience these complications is significant, most
occur before diagnosis. After diagnosis, the number of
adverse events is low, suggesting that FMD progresses
slowly.['"l It should be pointed out that although there
are some clues about the natural history and prevalence
of FMD, they are not fully known.

There is no consensus on the “ideal” treatment for FMD.
Oral anticoagulants or antiplatelet agents to prevent
thromboembolism have shown considerable benefits;
aspirin in doses higher than 81 mg is the recommended
treatment.™ Beta-blockers and clonazepam have been
associated with symptom relief.I"*!

Several surgical techniques have been described,
whose morbidity rates range from 2.3% to 50%.!"7%]
Treatment options are varied and include arterial
reconstruction, rigid dilation with or without
endarterectomy, transluminal dilation through
direct balloon, and percutaneous transluminal
angioplasty with or without stenting. In general,
these procedures prevent symptom recurrence, but
no formal recommendations have been made for any
one technique over the others.

Table 1 shows the historical evolution of carotid FMD
treatment and its modalities, excluding case reports.
Although the table shows a wide range of techniques
over the years, large series were seen only for the rigid
dilation technique.

Figure 2: (a) Follow-up computed tomography angiogram, 12 months after
stenting. The image showing the right cervical internal carotid artery in the sagittal
plane. (b) Follow-up computed tomography angiogram, 12 months after stenting.
The image showing the right cervical internal carotid artery in the coronal plane
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Table 1: Evolution of surgical and endovascular treatment of carotid fibromuscular dysplasia

Author, year Patients/ Technique Embolic Complications, References
procedures Open Open Open intraluminal Balloon CAS protection any neurological
balloon stent dilation PTA symptoms/
endarterectomy* mortality (%)
Morris et al., 1968 12 (8) No No 8 (5%) No No Clamping 0/0 [21]
Effeney et al., 1980 86 (130) No No 130 (20%) No No Clamping 3.8/0 [17]
Starr et al., 1981 25 (34) No 1 31 (3%) No No Clamping and 2.7/0 [22]
PTFE retrograde flusher
Hasso et al., 1981 3 No No No 3 No No 0/0 [23]
Collins et al., 1981 13 (19) No No 18 (7%) No No Clamping 5.3/0 [24]
Wesen and Elliott, 8 (10) No No 10 No Clamping 0/0 [25]
1983
Smith et al., 1985 5 (6) 6 No No No No Retrograde flusher 0/0 [26]
Smith et al., 1987 7 (8) 8 No No No No Retrograde flusher 0/0 [27]
Moreau et al., 1993 58 (72) No - 72 (43%) No No Clamping 2.3/0 [19]
Schneider et al., 115 (168) No No 168 No No Clamping 2.3/0 [20]
1994
Assadian et al., 6 (9) No 9 No Yes No Retrograde flusher 11.1/0 [28]
2005 PTFE
Tekieli et al., 2015 7(7) No No No 3 4 Distal and proximal 0/0 [29]
Present case 1(1) No No No No 1 No 0/0 -

*Patients treated with endarterectomy reconstruction instead of bile duct dilatator. PTA: Percutaneous transluminal angioplasty, CAS: Carotid artery stenting,

PTFE: Polytetrafluoroethylene

Stenting has shown good results, rapid symptom relief,
and a low complication rate.***”! It is worth noting that
atheromatous carotid artery disease may be associated
with FMD in older adults with comorbidities, and that
endovascular intervention is recommended only for
symptomatic cases.!"!

We decided against balloon angioplasty before
or after stent placement due to the absence of
associated atheromatous plaque and the risk of
artery dissection. A cerebral protection system was
not used because the literature reports low embolic
risk during carotid FMD treatment,”! and because
this device itself can cause embolism.®" It seems that
a cerebral protection system can be dispensed when
there is no evidence of associated plaque, as long as
the patient receives adequate antiaggregation and
anticoagulation.

The double-layer Casper stent has shown excellent results
in nonatheromatous diseases of the cervical carotid
artery. In addition to preventing elastic recoil of the
artery, it redirects blood flow similar to the intracranial
flow diverters used to treat brain aneurysms. This effect
occurs because its mesh consists of a free cell area of
0.38 mm? that replaces polytetrafluoroethylene-covered
stents, which pose a greater risk of thromboembolic
events. Arterial remodeling has also been observed
due to the stent’s double layer. The amount of metal
in contact with the artery causes an inflammatory
reaction (intimal hyperplasia), which is beneficial in
cervical FMD.® The stent is essential for removing
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the swirling effect of carotid blood flow, responsible
for tinnitus. To our knowledge, this is the first case of
carotid FMD treated with a Casper stent in a patient
with disabling tinnitus.

Conclusion

A lack of specific guidelines with high evidence levels
hinders management of cervical FMD. Pulsatile tinnitus
is a frequent pathology, although in rare cases, it may
become disabling. However, a Casper stent resulted
in rapid symptom relief, in addition to excellent
arterial remodeling at 12 months of follow-up, proving
the effectiveness of this method. More research is
necessary to determine the best treatment approach for
symptomatic FMD patients.
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