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Abstract
Purpose  Pulsatile tinnitus (PT) due to sigmoid sinus wall anomalies (SSWA) is a common health disorder. The purpose 
of this study is to investigate the efficiency of simple sigmoid sinus bony wall repair on tinnitus relief and psychological 
improvement.
Methods  Nine cases of PT due to SSWA were retrospectively reviewed. All of these cases had defect of sigmoid sinus 
bony wall with or without diverticulum in high-resolution CT. The bony defects were repaired by multi-layer materials, i.e., 
temporalis fascia, bone dust and another layer of bone dust. The assessment of visual analog scale (VAS) of tinnitus and 
Mandarin version of the tinnitus questionnaire (MTQ) were carried out before operation and at 1 week, 3 months, 6 months 
and 12 months after operation.
Results  All of eight cases treated by simple sigmoid sinus bony wall repair reported disappearance or significant relief of 
PT after operation. The VAS and MTQ scores at 1 week, 3 months, 6 months and 12 months after operation all significantly 
decreased when compared to that before operation (p < 0.05).
Conclusion  Simple repair of sigmoid sinus bony wall defects was an effective way to reduce the physical impact as well as 
the psychological impact of PT due to SSWA. The defect of sigmoid sinus bony wall played a key role in the pathophysiol-
ogy of PT due to SSWA.

Keywords  Pulsatile tinnitus · Sigmoid sinus wall anomalies · Sigmoid sinus bony wall repair · Visual analog scale · 
Tinnitus questionnaire

Introduction

Tinnitus, as a common health disorder, is the perception of 
sound without external acoustic stimuli. There is a potential 
impact on patient’s quality of life. Pulsatile tinnitus (PT) is 
an objective tinnitus, and it accounts for less than 10% of 
tinnitus [1]. PT, differing from subjective tinnitus, can be 
perceptible to the examiner. Holgate et al. firstly referred the 
term to the self-perception of a vascular somatosound [2].

There are two persuasive mechanisms of PT. One is audi-
ble turbulence which caused by blood flow accelerates or 
changes in blood flow disrupt laminar flow, such as acquired 

dural vascular lesions [3] or aberrant carotid artery [4]. The 
other is more intensely perception of normal flow sounds 
which caused by increased bone conduction or decreased 
masking effect of external sounds [5], such as third mobile 
window syndrome. Sigmoid sinus wall anomalies (SSWA), 
including sigmoid sinus diverticulum (SSD) and sigmoid 
sinus wall dehiscence (SSWD), are the most common 
identifiable causes of PT [6]. SSD contains well-restricted 
areas where the sigmoid sinus has eroded into the adjacent 
mastoid air cells or mastoid cortex through the dehiscent 
sigmoid sinus wall [7, 8], and SSWD means isolated bone 
defects of the sigmoid sinus wall without the emergence of 
a diverticulum [9, 10].

Epidemiologically, PT due to SSWA might have female 
predominance [11, 12] and right-side predominance [9, 11, 
13–15]. A hypothesis is that SSWA have a relationship with 
idiopathic intracranial hypertension (IIH), associated with sex, 
obesity, and weight gain [16–18]. One study presented that 
jugular foramen is larger in females and on the right side [19], 
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which might lead to a possible turbulent blood flow and then 
increase the risk for SSWA.

Some techniques for treatment of PT due to SSWA have 
been proposed, including endovascular intervention [20–24] 
and surgical techniques [7, 9, 10, 14]. Endovascular interven-
tion can rectify turbulence by embolizing the diverticulum 
with coils or stents. It has the advantages of instant feedback 
for resolution of symptoms and confirmation for sufficient 
postprocedural vessel patency. However, it might cause coil 
migration, intracranial hypertension, and thrombosis. In addi-
tion, it has no way to repair SSWD [16]. Surgical techniques 
include sigmoid sinus wall reconstruction, and craniectomy 
reconstruction with U clips and Gelfoam hemostatic sponge. 
The approach of craniectomy reconstruction with U clips 
was performed in only one patient by Gologorsky et al. [25]. 
Although no complications were reported with this tech-
nique, there was no mention of follow-up period and it might 
lead to increased risks of massive bleeding or dural injury 
[23]. Sigmoid sinus wall reconstruction, as a transtemporal 
and extraluminal approach, was presented in 2007 [7]. Otto 
et al. reconstructed the sigmoid sinus wall and eliminated 
audible turbulence via filling the sigmoid sinus diverticulum 
with fascia and bone wax. The study showed that all three 
patients underwent surgical intervention and had successful 
resolution of TP. In other studies, several kinds of materials, 
such as muscles, dermal replacement tissues, or fascia, were 
placed either deep in the epidural space of posterior petrous 
face or directly onto the exposed sinus wall. Then, the sinus 
wall was further strengthened with bone cement, bone dust, 
suture, mini-plate, or a combination of these. The superiority 
of surgical technique is the reduction of coil migration and 
thrombosis. Sigmoid sinus bony wall repair, a simplified tech-
nique of sigmoid sinus wall reconstruction, only resurfaces the 
bony wall of the sigmoid sinus with temporalis fascia and bone 
dust by a transmastoid approach, without external compression 
of the diverticulum or the excision of the diverticulum and the 
reconstruction of the sigmoid sinus between the sigmoid sinus 
wall and vein.

This study reports the psychological and physical out-
comes of nine PT patients with SSWA treated with sigmoid 
sinus bony wall repair. Meanwhile, we discuss the predomi-
nant pathophysiology between sigmoid sinus diverticulum 
and sigmoid sinus bony wall defects, and the choices of sur-
gical techniques for patients with SSWA between sigmoid 
sinus wall reconstruction and sigmoid sinus bony wall repair.

Materials and methods

Demographic information

A retrospective study was undertaken on PT patients hos-
pitalized in the Eye and ENT Hospital of Fudan University 

between August 2014 and December 2017. Nine cases of PT 
due to SSWA treated with sigmoid sinus bony wall repair 
by the senior author were included in this study. All patients 
described the tinnitus as a loud pulse-synchronous noise, 
the intensity of which could decrease by turning heads to 
contralateral sides or pressing the jugular vein. All patients 
underwent otoscopic, audiometric, tympanometric evalua-
tions and temporal bone high-resolution computed tomog-
raphy (CT). There was no hearing loss and middle ear 
disorder in these patients. This study was approved by the 
Ethics Committee of the Eye and ENT Hospital of Fudan 
University.

Surgical technique

A postauricular incision was made, and an anteriorly based 
periosteal flap created to expose the mastoid cortex. A 
cortical mastoidectomy was performed and bone dust was 
collected before the air cells were opened, and the sigmoid 
sinus was identified and roughly skeletonized. Based on the 
findings in HRCT, the defect on sigmoid sinus bony wall 
was located. The sigmoid sinus at this area was further skel-
etonized to the solid bone wall. A large piece of temporalis 
fascia was harvested. A small part of it was used to cover the 
bony defect. Bone dust was then compacted on the fascia as 
well as the bone wall of the sigmoid sinus around the bony 
defect. At last, the left large piece of fascia was used to cover 
the bone dust and secured by Gelfoam and fibrin glue. The 
air cells are ensured to ventilate to antrum, or filled with 
bone dust to eliminate dead space.

Postoperative condition of pulsatile tinnitus

To know the postoperative condition of tinnitus, we pre-
sented a question with six options to the patients at the last 
inquisition: (1) the tinnitus has disappeared; (2) the loudness 
of tinnitus has decreased; (3) the loudness of tinnitus has 
increased; (4) the tinnitus has disappeared, but a new sensa-
tion of tinnitus has appeared and its rhythm differed with 
the heartbeat; (5) the frequency of tinnitus has decreased, 
but a new sensation of tinnitus has appeared and its rhythm 
differed with the heartbeat; (6) the tinnitus has no change.

Visual analog scale

Visual analog scale (VAS) is a subjective psychometric 
response scale. In this study, it was used to assess the aware-
ness, loudness and annoyance of tinnitus [26, 27], as well 
as its effect on daily life. The patients were asked to express 
their tinnitus symptoms by putting a mark along a line rang-
ing from zero to ten. Zero indicated patients were not aware, 
not audible, not annoyed, and their life was not affected 
by tinnitus at all, while ten indicated the patients were 
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completely aware, considerably loud, extremely annoyed, 
and their life was affected by tinnitus all the time.

Mandarin tinnitus questionnaire

The tinnitus questionnaire (TQ), developed by Hallam in 
1987, is one of the most frequently used questionnaires for 
a psychometric analysis of tinnitus. In this study, the Manda-
rin version of the tinnitus questionnaire (MTQ) was applied 
to evaluate the outcome of sigmoid sinus bony wall repair, 
which had been demonstrated to have good reliability and 
validity [28]. The MTQ contains five dimensions that assess 
tinnitus-related psychopathological symptoms: (1) emotional 
distress (11 items, ED); (2) auditory perceptual difficulties 
(eight items, AP); (3) cognitive distress (six items, CD); 
(4) sleep disturbance (six items, SD); and (5) intrusiveness 
(six items, IN). The MTQ and VAS were completed before 
operation and at 1 week, 3 months, 6 months and 12 months 
after operation in clinic or by mail.

Data analysis

Descriptive and comparative statistics of patients were cal-
culated using GraphPad Prism 7.00 (GraphPad Software, La 
Jolla, California). The scores of VAS and MTQ at different 
periods were evaluated using repeated-measure of one-way 
ANOVA with post hoc Bonferroni correction. A p value less 
than 0.05 denotes a statistically significant difference.

Results

As summarized in Table 1, this study included nine female 
patients. The mean age at presentation was 43.1 years, 
ranging from 33 to 58 years. The mean duration of PT 
was 1.5 years, ranging from 0.3 to 3 years. The mean pure 
tone audiometry (PTA, 0.5, 1 and 2 KHz) was 19.8 dBHL 
of air conduction/13.6 dBHL of bone conduction on the 
affected side, and 17.8 dBHL/12 dBHL on the healthy 
side, respectively. There was no significant difference 
between PTA of the affected side and that of the healthy 
side (AC: p = 0.134; BC: p = 0.294). PT affected the right 
side in seven of nine patients (77.8%) and the left side 
in two of nine patients (22.2%). Of nine patients, three 
patients (33.3%) had SSWD on CT, four patients (44.4%) 
had SSD, and two patients (22.2%) had both SSWD and 
SSD in different location. Population descriptive statistics 
are shown in Table 2.

Sigmoid sinus wall repair was successfully completed 
in eight of nine patients. One patient had anteriorly and 
laterally located sigmoid sinus extruding out of the mas-
toid. The procedure was aborted because a severe bleed-
ing occurred during the elevation of the retroauricular 
periosteal flap. In the other eight patients, in five patients 
(62.5%) PT totally disappeared, in two patients (37.5%) 
the loudness of PT significantly decreased, and in one 
patient (12.5%) the loudness of PT significantly decreased 
but a new sensation of tinnitus appeared later.

Table 1   Case information

PTA Pure tone audiometry, AC air conduction, BC bone conduction, SSWD sigmoid sinus wall dehiscence, SSD sigmoid sinus diverticulum

Case number Age Gender Duration 
(years)

Side Pre-op PTA 
(dBHL) (side: 
AC/BC)

Diagnosis Surgical outcome Post-op condition of tinnitus

1 36 Female 3 R R: 18/11
L: 18/11

SSWD Success Decrease, followed by new tinnitus

2 44 Female 0.5 R R: 16/6
L: 15/8

SSWD Success Disappearance

3 49 Female 3 R R: 33/30
L: 23/18

SSD Success Decrease

4 35 Female 0.8 R R: 16/16
L: 15/15

SSD and SSWD Success Disappearance

5 39 Female 3 L R: 18/11
L: 16/10

SSD and SSWD Success Decrease

6 33 Female 2 L R: 16/8
L: 16/8

SSD Success Disappearance

7 58 Female 0.5 R R: 25/10
L: 20/10

SSD Success Disappearance

8 52 Female 0.5 R R: 15/13
L: 15/12

SSWD Success Disappearance

9 42 Female 0.3 R R: 23/18
L: 20/15

SSD Failure NA
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For all eight patients treated with sigmoid sinus bony 
wall repair, the VAS scores of tinnitus awareness, tinni-
tus loudness, tinnitus annoyance, and effect of tinnitus on 
daily life significantly decreased after operation (Fig. 1a–d). 
Tinnitus awareness at 1 week, 3 months, 6 months and 
12 months after operation significantly decreased when 
compared to that before operation (p = 0.0012, p = 0.0032, 
p = 0.0007, p = 0.0036, respectively; Fig. 1a). Significant 
decrease also occurred in tinnitus loudness (p = 0.0005, 
p = 0.0047, p = 0.0049, p = 0.0030, respectively; Fig. 1b), 
tinnitus annoyance (p = 0.0018, p = 0.0031, p = 0.0015, 
p = 0.0020, respectively; Fig. 1c), and effect of tinnitus on 
daily life (p = 0.0010, p = 0.0081, p = 0.0150, p = 0.0039, 
respectively; Fig. 1d). Additionally, The MTQ scores signifi-
cantly decreased after operation (Fig. 2a–f). ED at 1 week, 
3 months, 6 months, and 12 months after operation were all 
significantly decreased when compared to that before opera-
tion (p = 0.0004, p < 0.0001, p = 0.0001, p = 0.0047, respec-
tively; Fig. 2a). Significant decrease also occurred in AP 
(p = 0.0034, p = 0.0044 p = 0.0043, p = 0.0286, respectively; 

Fig. 2b), CD (p = 0.0038, p < 0.0001, p = 0.0004, p = 0.0074, 
respectively; Fig.  2c), SD (p = 0.0075, p = 0.0145, 
p = 0.0125, p = 0.0374, respectively; Fig. 2d), IN (p = 0.0006, 
p = 0.0006, p = 0.0007, p = 0.0045, respectively; Fig. 2e), and 
total MTQ (p < 0.0001, p < 0.0001, p < 0.0001, p = 0.0022, 
respectively; Fig. 2f).

Discussion

In the present study, we evaluated both the physical and psy-
chological impacts of PT due to SSWA treated with sigmoid 
sinus bony wall repair. Our findings suggest that sigmoid 
sinus bony wall defects play a key role in the pathophysi-
ology of PT due to SSWA, and that a simple repair of the 
sigmoid sinus bony wall is effective for patients with PT 
due to SSWA.

The VAS scores decreased significantly after the repair of 
SSWD, and the decreased VAS scores remained unchanged 
1 year after the operation. These results suggest that the 
repair of SSWD is a reliable way to treat PT due to SSWA. 
In addition, all the MTQ scores decreased significantly after 
the operation and remained unchanged at 1 year, which dem-
onstrates that the repair of SSWD effectively resolves both 
the psychological and physical impacts caused by PT. One 
year after the operation, CT images also suggested that the 
repair using compound materials was durable.

As it previously described, females and the right side are 
dominant for the possibility of SSWA. In this study, female 
predominance and right-side predominance were confirmed. 
A systematic review demonstrated that females accounted 
for 90.4% of 139 patients with SSWA and that 65.8% expe-
rienced PT on their right side [29]. The rates of female and 
right-side predominance were lower than in our study, where 
100% were female and 77.8% was on the right side, which 
might result from the relatively few cases in our study. One 
study indicated that the exocranial area of the right jugular 
foramen was significantly larger than that of the left and that 
the volume of the jugular foramen was significantly larger on 
the right side [30]. Consequently, the larger flow volume cre-
ates impact strength to the bone wall forcefully and continu-
ously. Meanwhile, some factors, such as age, dyslipidemia, 
and intracranial hypertension, can alter the hemodynamics 
of the sigmoid sinus, increasing the possibility of sigmoid 
sinus injuries and local turbulence. With the passage of time, 
the sigmoid sinus wall becomes thin and even dehiscent, and 
then a diverticulum begins to emerge though the dehiscent 
bone wall and turbulent blood flow resonates with the air 
cells. As a result, the sound may be transmitted to the ear 
though bone conduction.

There is still no consensus on the surgical manage-
ment of PT due to SSWA. PT is thought to be the sound 
generated from the turbulent blood flow and transmitted 

Table 2   Demographic descriptive statistics

PTA pure tone audiometry, AC air conduction, BC bone conduction, 
SSWD sigmoid sinus wall dehiscence, SSD sigmoid sinus diverticu-
lum

Characteristics Total

Age 43.1 (33–58)
Gender
 Female 9
 Male 0

Duration 1.5 (0.3–3)
 Pre-op PTA (AC/BC)
  Affected side  19.8/13.6
  Healthy side 17.8/12

Side
 R 7 (77.8%)
 L 2 (22.2%)

Diagnosis
 SSWD 3 (33.3%)
 SSD 4 (44.4%)
 SSD and SSWD 2 (22.2%)

Surgical outcome
 Success 8 (88.9)
 Failure 1 (11.1%)

Post-op condition
Disappearance 5 (62.5%)
 Decrease 2 (25%)
 Increase 0
 Disappearance, followed by new tinnitus 0
 Decrease, followed by new tinnitus 1 (12.5%)
 No change 0
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to the middle ear by air conduction or to the inner ear 
by bone conduction [31]. Based on this hypothesis, some 
authors have suggested eliminating the turbulence by treat-
ing the diverticulum with excision [7] or bipolar cautery 
[32], or even with an endovascular intervention [20–24]. 
Sigmoid sinus constriction by cartilage or other materi-
als is also used to reduce the cross-sectional area of the 
sigmoid sinus [9, 16, 17]. These surgical techniques all 
achieve significant relief from tinnitus in most PT patients. 
However, as shown in our study, all PT patients have sig-
moid sinus bony wall defects in HRCT. A simple repair 
of the sigmoid sinus bony wall achieved tinnitus relief in 
all cases treated using this technique, while the turbulent 
blood flow remained. In addition, certain materials were 
used in the treatment of a diverticulum and constriction 
of the sigmoid sinus to cover the surface of the sigmoid 
sinus. The procedures for applying these materials actually 
repaired the defects of the sigmoid sinus bony wall. It is 
well known that sigmoid sinus anomalies are often found 
on temporal bone CT scans. In such patients, turbulent 
bold flow exists in the sigmoid sinus because of the irregu-
lar shape of the lumen. However, PT is very rare in these 
patients. Taken together, the sound of pulsatile blood flow 
is transmitted through the defect on the sigmoid sinus wall 

en route to the inner ear, which generates PT, and sigmoid 
sinus wall defects might be the predominant cause of PT 
due to SSWA.

In line with our study, a previous study also suggested 
that a simple repair of SSWD without any intervention 
for SSD could completely eliminate PT [11]. In our study, 
patient 4 and patient 5 had SSWD and SSD simultaneously 
in different locations of the sigmoid sinus wall (Fig. 3). 
PT disappeared after the repair of SSWD regardless of 
the existence of SSD, further suggesting that SSWD, but 
not SSD, played a key role in the generation of PT. A 
simple repair of the sigmoid sinus bony wall was effective 
for treating PT due to SSWA in our study, as well as in 
other studies [14]. Other procedures that aim at reducing 
or eliminating the turbulence of blood flow in the sigmoid 
sinus might be unnecessary. Additionally, these procedures 
carry the risks of venous hemorrhage and elevated intrac-
ranial pressure when compared to a simple repair of the 
sigmoid sinus bony wall.

There were some limitations to our study. The number 
of cases was small, and the follow-up period was relatively 
short. Future studies enrolling many cases and hospitals 
and a longer follow-up period are essential to confirm our 
theory.

Fig. 1   Preoperative and post-
operative visual analogue scale 
(VAS) scores of pulsatile tin-
nitus. The VAS scores including 
VAS-awareness (a), VAS-loud-
ness (b), VAS-annoyance (c), 
and VAS-effect on life (d) sig-
nificantly decreased at 1 week 
(1W), 3 months (3M), 6 months 
(6M) or 12 months (12M) after 
operation when compared to 
preoperative ones (PRE). There 
was no significant difference 
among different VAS scores 
at different time after opera-
tion, respectively. *P < 0.05, 
**P < 0.01, ***P < 0.001, 
****P < 0.0001
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Conclusion

Our study suggests that sigmoid sinus bony wall repair is suc-
cessful for significantly reducing both the physical and psycho-
logical impacts of PT due to SSWA. Sigmoid sinus bony wall 

defects play a key role in the pathophysiology of PT due to 
SSWA. Restricting the turbulence of blood flow in the sigmoid 
sinus might not be necessary.
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Fig. 2   Preoperative and postoperative mandarin tinnitus questionnaire 
(MTQ) scores. The MTQ scores including emotional distress (ED, 
a), auditory perceptual difficulties (AP, b), cognitive distress (CD, 
c), sleep disturbance (SD, d), intrusiveness (IN, e) and total MTQ (f) 
all significantly decreased at 1 week (1W), 3 months (3M), 6 months 

(6M) or 12 months (12M) after operation when compared to preoper-
ative ones (PRE). There was no significant difference among different 
MTQ scores at different time after operation, respectively. *P < 0.05, 
**P < 0.01, ***P < 0.001, ****P < 0.0001
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