© ) Hear Sci, 2017; 7(3): 47-52
DOI: 10.17430/1002725

SIGMOID SINUS DIVERTICULUM WITH
PERISINUS PNEUMATIZATION CAUSING
Contributions: PULSATILE TINNITUS: A RARE ENTITY

A Study design/planning
B Data collection/entry

C Data analysis/statistics ~~ Caroline Szczesny, Raghu Kumar”8t, Jameel MuzzafarA&¢
D Data int tati o o o
E preparation of manuscript Peter Monksfield?®<, Richard Irving*e

F Literature analysis/search
G Funds collection

Department of Neurotology, Queen Elizabeth University Hospitals, Birmingham, UK.

Corresponding author: Caroline Szczesny, e-mail: carolineyolande.szczesny@nhs.net
mailing address : 2 Salisbury Mews, London, UK SW6 7DS

Abstract

Tinnitus is a bothersome symptom with various etiologies. Pulsatile tinnitus constitutes only a small percentage of tinnitus types and is due
to a vascular pathology close to the inner ear which causes a sensation of noise.

Many vascular lesions are associated with pulsatile tinnitus: paraganglionoma, persistent stapedial artery, a vascular loop in the internal au-
ditory meatus or cerebello-pontine angle, carotid-vertebral stenosis, and arterio-venous malformation.

We report one case of pulsatile tinnitus that originated in a venous diverticulum of the sigmoid sinus and which was transmitted to the inner
ear through perisinus pneumatisation. Treatment options for this condition are discussed, with insights from the literature.

Key words: pulsatile tinnitus (PT), venous hum, sigmoid sinus diverticulum (SSD), endovascular coiling, sigmoid sinus wall reconstruction,
transmastoid surgery, sigmoid sinus wall dehiscence (SSWD), sinus decompression, idiopathic intracranial hypertension (ITH).

DIVERTICULO DEL SENO SIGMOIDEO CON NEUMATIZACION PERISINUSAL
CAUSANTE DE TINNITUS PULSATIL

Resumen

Los tinnitus son fendmenos curiosos con etiologia diversa. El tinnitus pulsatil constituye un porcentaje muy pequeiio del total de los casos y
esta producido por una patologia vascular dentro del oido interno, percibida como ruido.

Muchas de las alteraciones vasculares se asocian con el tinnitus pulsatil, entre otras: paragangliomas, arteria estapedial persistente, lazos vas-
culares dentro del conducto auditivo interno o dngulo pontocerebeloso, estenosis de la arteria carétida y vertebral, asi como malformacio-
nes arteriovenosas.

Se presenta un caso de tinnitus pulsatil originado en el diverticulo venoso del seno sigmoideo, trasmitido al oido interno por neumatizacion
perisinusal. Los posibles tratamientos se comentan tomando en cuenta los apuntes encontrados en la bibliografia relevante.

Palabras clave: tinnitus pulsatil (PT), zumbido venoso, diverticulo del seno sigmoideo (SSD), reconstruccion de la pared del seno sigmoideo,
mastoidectomia, dehiscencia de la pared del seno sigmoideo (SSWD), descompresion de los senos, hipertension intracraneal idiopatica (ITH).

OUBEPTUKYJI CUTMOBUIHOTO CMHYCA C OKOJIOCUHYCHO
ITHEBMATU3AIIMEV, BBISBIBAIOUINI ITY/IbCUPYIOLIMI IIIYM B YIIIAX

A6cTpakT

H.[yM B ylIax AB/IAE€TCA MHTEPECHBIM 06CTOHT€HI)CTBOM, KOTOPO€ MOXXET BOSHNKHYTDb BCIIEACTBME Pa3HOI'O poJia STNOIOTUIECKNX Cl)aK-
TOPOB. Hy]IbCI/IpyIO]_LU/IiI LIyMm B yIIaX COCTaB/IA€T He6OIbIIOoM IIPOLIEHT BCEX C/Iy4Ya€B LIyMa B ylIaX M BO3HMKAET IIO IIPUYMHE COCY-
I[I/ICTOﬁ[ IaTo/IoTuM B 06/1acT BHYTPEHHETO yXa, BOCIPMHMMAIOUIETO eé Kak 1IIyM.

bBonbiioe KoMM4ecTBO COCYAVMCTBIX M3MEHEHMII CBA3AHO C IMY/TbCUPYIOUIVMM IIYMOM B yIIIaX, B YaCTHOCTH NAparaHI/INOMa, HepCUCTH-
pyolias cTpeMeHHasA apTepus, COCYAMCThIE TIeT/IN BO BHYTPEHHEM CTyXOBOM IIPOXOJi€ M/IM MOCTOMO3KEYKOBOM YT/ie, CTEHO3 COH-
HOJI U1 TIO3BOHOYHOIT apTepyH, a TaK)Xe apTepMOBeHO3HaA Manb(opmMariys.

MI)I HpeﬂCTanIﬂeM cnyqaﬁ[ Hy]II)CI/IpyIOIlIeI‘O U_[yMa B ymax, BO3HMKIIErO B BEHO3HOM J:[I/IBepTI/IKy]'Ie CUTMOBUIHOTO CI/IHyCa, Hepe}lal()-
LIerocsi BO BHYTPeHHee yX0 6/1arofapsi OKOJIOCMHYCHOI ITHeBMAaTU3alMM. BO3MOXXHOCTY Te4eHNsT 06CY>KAEeHBI C YIETOM 3aMevaHNIi,
COflepXKALIMXCS B COOTBETCTBYIOLIEl TUTEpaType.

KnroueBslie cnoBa: nynscupyrommit iyM B ymax (PT), BuxpeBble BeHO3HBIE IIYMbI, JUBEPTUKYII CUTMOBUAHOrO cuHyca (SSD), anpo-
BaCKy/IApHast 9MOOMM3aLUs, PEKOHCTPYKLMS CTEHKU CUTMOBUIAHOTO CUHYCA, MACTOUAEKTOMMSL, JETUCIEHIMsI CTEHKM CUTMOBUIHOTO
cunyca (SSWD), rekoMmpeccus CUHYCOB, MANONIATUYeCKas BHyTpudepenHas runeprensus (ITH).

47




Case Reports ¢ 47-52

UCHYLEK ZATOKI ESOWATE] Z OKOLO ZATOKOWA PNEUMATYZACJA

POWODUJACA PULSUJACE SZUMY USZNE

Streszczenie

Szumy uszne s3 ciekawym przypadkiem, wynikajacym z réznych czynnikéw etiologicznych. Pulsacyjny szum w uszach stanowi niewiel-
ki procent wszystkich przypadkéw i wystepuje z powodu patologii naczyniowej w obrebie ucha wewnetrznego, odbierajacego je jako szum.

Wiele zmian naczyniowych jest zwigzanych z pulsacyjnymi szumami usznymi, m.in. przyzwojak, przetrwala tetnica strzemigczkowa, pe-
tle naczyniowe w przewodzie stuchowym wewnetrznym lub kat mostowo-mézdzkowy, zwezenie tetnic szyjnej i kregowej oraz malformacje

tetniczo-zylne.

Przedstawiamy przypadek pulsacyjnych szuméw usznych powstalych w uchytku zylnym zatoki esowatej, przekazywanych do ucha wewnetrz-
nego dzieki pneumatyzacji wokot-zatokowej. Mozliwosci leczenia oméwiono uwzgledniajac uwagi zawarte w odpowiedniej literaturze.

Stowa kluczowe: pulsacyjne szumy uszne (PT), buczenie zylne, uchylek zatoki esowatej (SSD), rekonstrukecja $ciany zatoki esowatej, masto-
idektomia, ubytek sciany zatoki esowtej (SSWD), dekompresja zatok [sinus decompression], idiopatyczne nadcisnienie srédczaszkowe (IIH).

Introduction:

Tinnitus is a common otological symptom, although pul-
satile tinnitus (PT) accounts for only a small subset (ap-
proximately 4%) of the entire population with tinnitus [1].
Venous PT is more common than arterial, and this can be
caused by numerous anomalies and/or variants. The condi-
tion has a significant negative impact on the quality of life
of many patients. Surgical and endovascular interventions
have proven successful for some lesions [1].Eisenman et
al. have described clinical evaluation of patients with tin-
nitus and, depending on its etiology, possible treatments,
which include surgical options[2].

Sigmoid sinus diverticulum (SSD) is a new and increas-
ingly recognized treatable cause of PT. It occurs when
the sigmoid sinus wall locally intrudes into the mastoid
cells of the cortex[10]. Mehall et al. reported an ear-
ly case in 1995[10] when SSD was considered an un-
common cause of PT. Since then, an increasing num-
ber of PT patients with SSD have been reported, and it
is now the most common identifiable cause of venous-
derived PT[10]. Sigmoid sinus wall dehiscence (SSWD),
also known as sigmoid plate dehiscence, refers to a lo-
cal bone wall defect that leads to direct contact between
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the sigmoid sinus and the surrounding mastoid cells.[10]
SSD and SSWD are closely related and can be present
alongside each other in patients with PT[17]. Two ap-
proaches have been developed to treat PT patients with
SSD: endovascular coiling[14] and transmastoid surgery.
[2,15,17] The first description of a transmastoid surgical
approach was by Otto and colleagues in 2007[11]; since
then a number of others have followed suit using vari-
ous techniques and materials with generally successful
outcomes|3,8,13,15,17].

In this case report we describe a unilateral sigmoid sinus
diverticulum associated with perisinus pneumatization in
a fit and well woman who presented with a one-year his-
tory of intrusive pulsatile tinnitus and was treated by sur-
gical decompression. We describe this rare entity along
with a review of the relevant literature.

Case Report

A 57-year-old woman presented with subjective unilater-
al persistent and progressive intrusive PT in her left ear,
which had come on suddenly one year earlier without any
known predisposing factors. Following the onset, the PT
had progressively worsened and she was clearly struggling
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Figure 1. Pure tone audiometry of the patient showing bilateral symmetrical hearing within normal limits
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to cope. She said that the PT worsened when she lay on
her left side, and it was mildly relieved with gentle com-
pression of the ipsilateral neck, suggesting compression
of the carotid sheath. There were no other neuro-otolog-
ical symptoms and her speech and swallow were normal.
She had no systemic vascular illnesses or familial history
of paraganglionomas. Her past medical history was also
unremarkable, except for well-controlled asthma and in-
somnia due to her intrusive tinnitus (for which she had
been taking antidepressants for the past year). She scored
her symptoms as 90% severity on the Tinnitus Handicap
Index, meaning debilitating tinnitus aurium.

Examination revealed both tympanic membranes were
healthy and all lower cranial nerves normal. There
were no abnormal masses visible or palpable in her
neck. There was no palpable thrill or audible bruit on
the area over her left neck where she preferred to com-
press to get some relief. The only positive clinical find-
ing was a faint hum which was audible on auscultation
over her mastoid region; this prompted a suspicion that
her intrusive PT may be due to a vascular malforma-
tion of the temporal bone. A pure tone audiogram and
tympanometry were normal.

An MRI of the skull base and MRA of the head and neck
was performed to rule out any evidence of vascular mal-
formations or dural venous sinus stenosis. This demon-
strated a subtle narrowing on the left side of the sigmoid
sinus—transverse sinus junction. A CT venogram and an
MRI of the internal acoustic meatus with contrast were
then recommended by the neuro-radiologists to aid in fur-
ther determining the origin of the tinnitus. These dem-
onstrated a small sigmoid sinus diverticulum with per-
isinus pneumatisation around it, which was apparently
transmitting the venous hum into the well-pneumatised
mastoid air cells. This was then heard in the ear as the PT
which the patient was experiencing. The patient’s condi-
tion was discussed at the regional skull base multi-disci-
plinary team meeting (MDT); the consensus was to first
rule out idiopathic intracranial hypertension (IIH) lead-
ing onto the diverticulum formation, since the patient was
obese (BMI of 34.9). She was referred to a neuro-ophthal-
mologist and a neurologist who ruled out ITH with fun-
doscopy and spinal tap respectively.

The patient’s condition was again discussed at the skull
base MDT and two options for management were recom-
mended. These were discussed with the patient: 1) surgi-
cal decompression of the sigmoid diverticulum with re-
surfacing and removal of the perisinus pneumatisation
to cut off the transmission of signals; and 2) an inter-
ventional radiological procedure of placing an endovas-
cular stent for the diverticulum to correct the turbulent
venous flow (or its obliteration with endoluminal coil-
ing). The patient preferred endovascular coiling; howev-
er, upon review of her MRA, the neuroradiologists de-
cided not to pursue this avenue since the diverticulum
was located at the sigmoid- transverse sinus junction, so
that coiling would be very difficult and complete oblite-
ration of this vital junction could lead to complications
with a high risk of failure. Hence, they recommended
that the first surgical approach was the most appropri-
ate, and the MDT concurred.

Szczesny C. et al. — Sigmoid sinus diverticulum

Figure 2. CT axial image showing the left sigmoid sinus
diverticulum with perisinus pneumatisation (black ar-
row), which was thought to cause pulsatile tinnitus to
be transmitted to the ear

Figure 3. CT venogram axial image showing enhance-
ment of left sigmoid diverticulum (black arrow)

The patient underwent successful transmastoid explo-
ration and occlusion of the diverticulum. The divertic-
ulum was fully decompressed by careful dissection of
the adjoining perisinus pneumatisation, and bone paste
with wax and fibrin glue was used to completely occlude
its lumen, thereby blocking the tinnitus which had oc-
curred due to the turbulent blood flow. The patient had
a remarkable recovery in the immediate post-operative
period with her tinnitus almost disappearing completely
(her THI score was now 15%). She has been monitored
over the past 4 months for any recurrence of PT at the
neurotology service of our tertiary referral centre, but
continues to be asymptomatic.
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Figure 4. MRI skull base TIW with contrast axial im-
age showing the tortuous sigmoid diverticulum (white
arrow)

Discussion

Tinnitus is a common otological symptom that affects 10—
15% of the population worldwide[7]. It can be divided into
pulsatile and non-pulsatile, with pulsatile patterns suggest-
ing a vascular cause. Only 4% have vascular PT caused by
rare venous abnormalities that transmit sound to the coch-
lea by bony or vascular structures[1]. PT is likely to be of
arterial origin when symptoms worsen with gentle com-
pression of the ipsilateral internal jugular vein, whereas it
is likely to be venous if it is improved with the same ma-
noeuvre[14]. The psychological impact of pulsatile tinnitus
on many patients is so severe and incapacitating it can lead
to depression or even suicide[16]. There are many causes
of pulsatile tinnitus, although the sigmoid sinus divertic-
ulum is one of the most common][1].

Sigmoid sinus wall anomalies (SSWA) include sigmoid
sinus diverticulum and dehiscence, although a definitive
classification scheme is lacking[2], and the precise etiolo-
gy is not fully understood. Studies have shown that venous
PT is more frequently found in female subjects (88.8%)[1].
This is thought to be likely associated with benign/ idi-
opathic intracranial hypertension (ITH) that is known to
be more common in women with high BMI and can pre-
sent with PT as the only symptom.

Harvey et al[6]. and Grewal et al[4]. have shown that many
subjects with PT are women with elevated BMI, similar to
the population affected by ITH. The median onset of PT is
typically late middle age[6,13], which suggests that acute
pressure erosion or a congenital defect in the sigmoid si-
nus is unlikely (since the sigmoid sinus is a low-pressure
system)[6,13]. As in previous reports, all diverticulums
were seen to develop in a well pneumatised mastoid cavity,
as was seen with our patient[13]. However, Wenjuan et al.
demonstrated that the magnitude of bone pneumatisation
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does not significantly differ between PT patients with SSD
and healthy individuals[16]. A case report by Hou et al[8].
discussed PT as perhaps being an early manifestation of
osteoporosis, or osteopenia due to the reduction of oes-
trogen and progesterone in the perimenopausal period.

When diagnosing PT and considering treatment modalities
it is important to consider the cause of PT. Cheng et al[1].
retrospectively analysed contrast-enhanced CTs in 242 pa-
tients with unilateral venous PT to assess the various vas-
cular anomalies and variants associated with venous pul-
satile tinnitus. They found that 70% had more than one
anomaly or variant on the symptomatic side, while 24%
had only one anomaly or variant. This suggests that mul-
tiple lesions within the veins may trigger the sound of ve-
nous PT.! The most commonly found lesions were dehis-
cent sigmoid plate (86.4%), lateral sinus stenosis (55.8%),
high jugular bulb (47.1%), and sigmoid sinus diverticulum
(34.3%). It is thought that venous sinus stenosis and a high
riding jugular bulb with diverticulum are associated with
turbulent blood flow near the middle ear, which in turn is
responsible for the objective PT[14]. It has been noted that
SSD is mainly found on the side of the dominant brain ve-
nous systems, as was the case in our patient[1,9,14].

There are currently two main modalities described for
treatment of PT: surgical or endovascular intervention.
Endovascular treatment aims to embolize the diverticulum
with coiling or stenting by correcting the turbulent flow of
the SSD. Risks include coil migration, increase in intracra-
nial pressure, and thrombosis (which typically necessitate
anticoagulation in the perioperative period)[15]. Endovas-
cular approaches also fail to repair SSWD, which is a sig-
nificant cause of PT and has been shown to co-exist with
SSD[15]. Transmastoid surgery aims to excise the SSD and
repair the bony wall dehiscence using autologous or arti-
ficial materials. Risks are less than with the endovascular
approach, as there is no surgery on blood vessels and no
anticoagulation is needed in the perioperative period[15].

Sigmoid sinus wall reconstruction was first reported in
2007 by Otto et al[11]. for three patients with SSD and
involved reconstructing the sigmoid sinus wall via the ex-
traluminal placement of either the temporalis muscle and
fascia or bone wax. Eisenman et al.[3] successfully used a
similar surgical technique; however they used a soft tissue
graft of temporal fascia between the dura and the poste-
rior fossa bony plate to reconstruct the soft tissue sinus
wall. Sing et al. presented a case series of PT from the
sigmoid sinus diverticulum and the middle cranial fossa
diverticulum that were successfully treated with trans-
mastoid resurfacing of the venous wall with firm mate-
rials (including bone wax, harvested autologous cortical
bone chips, autologous bone paste, and fibrin glue)[13].
Guo et al. showed that mechanical compression of the
sigmoid sinus is an effective treatment, even if it may be
accompanied by sigmoid sinus diverticulum[15].

PT needs to be evaluated thoroughly as it is likely to be
caused by more than one lesion. Failing to address all the
causes explains why some patients experience no relief or
report recurrence after surgery or coiling, since the chosen
intervention may address only one cause[1]. No randomized
controlled trial data is available to decide which intervention
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is better. More literature is now available on the endovascu-
lar approach, mainly due to recent advancement in the in-
terventional radiology field. Since the condition is rare, it is
hard to find a large surgical case series from a single centre
to support surgical intervention as the primary modality of
management. Hence, it is prudent to discuss such cases in
a skull base MDT to arrive at a consensus.

Conclusion

Sigmoid sinus diverticulum is a very rare entity which
can lead to disturbing pulsatile tinnitus. It is vital to use
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appropriate high-resolution imaging to clearly diagnose
the condition; it is also important to rule out co-existent
lesions and idiopathic intracranial hypertension which can
contribute to symptoms. All such cases need multidisci-
plinary input (as was done in our case) in order to weigh
up the various treatment modalities and choose the saf-
est option. As experienced in the case of our patient, the
surgical approach was a safe option which did not require
long-term anticoagulation. There has been a good out-
come with immediate resolution of the pulsatile tinnitus.
Long term surveillance for recurrence is continuing and
remains paramount.
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