
244

Copyright © 2023 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)  
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinical and Experimental Otorhinolaryngology    Vol. 16, No. 3: 244-250, August 2023� https://doi.org/10.21053/ceo.2023.00388

Original Article

INTRODUCTION

Tinnitus refers to the perception of sound in the absence of any 
external auditory stimulus. It can be divided into two categories: 

subjective and objective tinnitus. Objective tinnitus is further 
classified into vascular and non-vascular tinnitus, based on its 
origin. Vascular tinnitus, also referred to as pulsatile tinnitus (PT), 
accounts for about 10% of all tinnitus cases [1]. Up to 92% of 
PT cases have identifiable underlying causes [2], offering the pos-
sibility of symptom relief through surgical intervention. The causes 
of PT include significant vascular wall abnormalities in the tem-
poral bones [3,4]. There are three potential mechanisms that ex-
plain how these anomalies cause PT: (1) turbulence in blood flow 
due to alterations in vascular hemodynamics [5,6], (2) vibration 
of a dehiscent vascular wall in the absence of turbulent flow [7,8], 
and (3) third-window lesions in the inner ear causing abnormal 
sound perception [9,10]. Among the various vascular wall ab-
normalities, sigmoid sinus abnormalities are the most common 
identifiable cause of PT of venous origin, with a prevalence of 
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Objectives. Sigmoid sinus resurfacing (SS-R) is one of the most effective surgical treatments for patients with pulsatile tin-
nitus (PT) originating from anatomical variants of the vascular walls in the temporal bone. This study aimed to pro-
vide updated information on the clinical outcomes of SS-R and evaluate the efficacy of the water occlusion test 
(WOT) as an additional diagnostic modality.

Methods. We retrospectively reviewed medical records including tinnitus questionnaires, temporal bone computed tomog-
raphy (TBCT) scans, audiologic tests, and preoperative WOT results from patients who underwent SS-R. 

Results. In total, 26 patients were included in the study. The mean age was 44 years, and the mean symptom duration was 
3 months. Fourteen patients (53.8%) were completely cured, seven (26.9%) significantly improved, and five (19.2%) 
remained stable. The mean visual analog scale loudness score decreased from 5.26 to 1.34 (P<0.001) and the mean 
Tinnitus Handicap Inventory score also improved from 50.23 to 5.5 (P<0.001) after SS-R surgery. In 10 patients with 
discrepancies between the preoperative TBCT and intraoperative findings, WOT showed a significant additive effect 
in predicting surgical outcomes. No patients experienced severe intraoperative or postoperative complications during 
the entire follow-up period.

Conclusion. SS-R provides significant symptom improvement in patients with sigmoid sinus dehiscence who had a positive 
WOT without other sigmoid sinus variants. A combined diagnostic approach with TBCT, WOT, and intraoperative 
findings is crucial for achieving better surgical outcomes in patients with PT caused by sigmoid sinus variants.
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approximately 20% in PT patients [8,11,12].
An accurate diagnosis of the underlying anatomical abnormal-

ity is critically important before proceeding with surgery for the 
treatment of PT. This can be achieved through a combination of 
history-taking, physical examination, audiologic tests, laboratory 
tests, imaging examination, ultrasonography, and the water oc-
clusion test (WOT) [13]. The aim of this study was to analyze the 
outcomes of surgery for PT and to evaluate the efficacy of the 
WOT as a powerful additional tool in diagnostic process, when 
used in conjunction with temporal bone computed tomography 
(TBCT) to determine the optimal surgical modality for vascular 
wall anomalies causing PT.

MATERIALS AND METHODS

Study patients
We included patients with PT who visited Seoul St. Mary’s hos-
pital between April 2018 and December 2021 and underwent 
sigmoid sinus resurfacing (SS-R) surgery. All patients were treated 
with tinnitus retraining therapy, along with medication including 
anxiolytics and beta blocker, for a minimum of 3 months. Addi-
tionally, any potential metabolic or hemodynamic causes such 
as hypertension, hyperthyroidism, anemia, etc., were corrected 
if present. Surgical intervention was determined if there was no 
improvement in symptoms even after 3 months of this conser-
vative treatment. For pre-operative evaluation, TBCT and WOT 
were performed to obtain information about anatomical varia-
tions and to plan appropriate surgical methods. Tinnitus visual 
analog scale (VAS), loudness (LD), awareness (AW), annoyance 
(AN), effect on life (EF), and Tinnitus Handicap Inventory (THI) 
scores from a tinnitus questionnaire were used for comparing 
subjective outcomes, and pure tone audiograms were also com-
pared for objective pre- and postoperative outcomes. VAS LD 
score and THI score were analyzed for primary and secondary 
outcomes, respectively. Surgical outcomes were classified into 
four groups according to VAS LD; complete cure when reduc-
tion of VAS LD is 100%, significant improvement when between 
50%–99%, stationary status when between 1% and 49%, and 
no improvement when at 0% [4,14]. 

This study was approved by the Institutional Review Board of 
the Clinical Research Institute at Seoul St. Mary’s Hospital (No. 
KC21RASI0524) and was conducted in accordance with the 

Declaration of Helsinki. Informed consent requirement was 
waived.

Water occlusion test
After positioning the patient’s head tilting to the healthy side by 
about 10°, we filled the external auditory canal (EAC) of the PT 
side with a few milliliters of sterilized normal saline solution at 
body temperature under microscopy. Any changes in tinnitus 
symptoms were requested from the patients and results of the 
WOT were classified as positive when PT fully ceased, partial 
when PT decreased but is still present, and negative when PT 
shows no change or is worsened by the test [13]. 

Surgical procedures
SS-R surgery for sigmoid sinus dehiscence (SS-Deh) was con-
ducted using the following steps: (1) simple cortical mastoidec-
tomy, (2) skeletonizing the SS and exposure of the dehiscent 
area by removing the mucosa, and (3) resurfacing and reinforc-
ing the SS wall using an autologous bone pate and bone cement 
(Fig. 1A). Other surgical techniques including SS diverticulum 
obliteration with a periosteal flap (Fig. 1B), jugular bulb resur-
facing, or emissary vein ligation (Fig. 1C) were performed in ad-
dition to SS-R based on the diagnosis confirmed by the combi-
nation of TBCT, WOT, and intraoperative findings. 

Statistical analysis
Significant improvements in tinnitus VAS score and THI score 
were determined using the Wilcoxon signed-rank test. Statistical 
analyses were performed using IBM SPSS for Windows ver. 24.0 
(IBM Corp.). Statistical significance was set when P-value was 
lower than 0.05.

RESULTS

Demographics and clinical characteristics
The total number of enrolled patients was 26 (7 men, 19 women), 
and their mean age was 44±13.8 years (range, 18–75 years). 
The mean symptom duration was 30.8±39.4 months. Of the  
26 patients, 21 had right-side tinnitus and five had left-side tin-
nitus. Sixteen patients showed positive results on the WOT. Seven 
patients showed a partial response, and three patients showed 
negative results on the WOT.

Preoperative TBCT scans demonstrated SS-Deh in 23 cases 
(Fig. 2A), sigmoid sinus diverticulum (SS-Div) in seven cases 
(Fig. 2B), dehiscent high riding jugular bulb (HJB-Deh) in three 
cases, and six cases of prominent mastoid emissary vein (PMEV) 
(Fig. 2C). The mean postoperative follow-up duration was 13.2±

8.3 months. Every patient underwent SS-R surgery, along with 
additional surgery according to the final PT diagnosis and WOT 
results. Patients’ demographic characteristics and surgical out-
comes are summarized in Table 1.

	� The combination of sigmoid sinus resurfacing and the results 
of the water occlusion test constitutes an effective treatment 
for pulsatile tinnitus.

	� Emissary vein ligation and sigmoid sinus diverticulum oblitera-
tion improve pulsatile tinnitus surgery outcomes.
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Fig. 2. Representative axial temporal bone computed tomography images of the right temporal bone showing various causes of pulsatile tinni-
tus. (A) Sigmoid sinus dehiscence (SS-Deh; arrow). (B) Sigmoid sinus diverticulum (SS-Div; arrows). (C) Prominent mastoid emissary vein 
(PMEV; arrow).

Surgical outcomes 
The overall subjective surgical outcomes were as follows: 14 pa-
tients (53.8%) experienced a complete cure of tinnitus, 7 patients 
(26.9%) showed significant improvement, 5 patients (19.23%) 
showed a stable status, and no patients showed no improvement. 
The mean (±standard deviation [SD]) VAS LD score significant-
ly improved from 5.26±2.03 to 1.34±1.85 (P<0.001, Wilcoxon 
signed-rank test) and the other VAS scores, presented in Fig. 3A, 
also showed significant improvements after SS-R with or without 
accompanying surgery (P<0.001, Wilcoxon signed-rank test) 
(Fig. 3A and B). The mean (±SD) THI score also improved from 
50.23±23.68 to 5.5±12.74 (P<0.001, Wilcoxon signed-rank 
test) (Fig. 3C and D). 

Upon pure-tone audiograms, 13 patients showed pseudo-low 
frequency hearing loss (an ipsilateral hearing threshold greater 
than 10 dB HL at both 250 and 500 Hz, or greater than 20 dB 
HL at either 250 or 500 Hz compared with the contralateral side) 
[15] in the ipsilesional ear, and the hearing threshold improved 
in 12 patients. Ten patients exhibited discrepancies between the 
preoperative TBCT and intraoperative findings. Specifically, eight 
cases of SS-Deh were in actuality cases of thin SS plate, three 
cases of PMEV were not prominent in the mastoid cavity, and 
one case of SS-Div was not an actual diverticulum. Among these 
10 patients, nine patients achieved successful surgical outcomes 
based on the WOT results. Even though the intraoperative find-
ings showed a thin SS plate, when SS-R was performed accord-

Fig. 1. Multiple surgical methods for the treatment of pulsatile tinnitus. (A) Sigmoid sinus resurfacing surgery (SS-R) with autologous bone plate 
and bone cement for the treatment of sigmoid sinus dehiscence. (B) Obliteration with an inferiorly based periosteal flap for the treatment of 
sigmoid sinus diverticulum. (C) Ligation of the vein for the treatment of a prominent mastoid emissary vein. 
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ing to positive WOT results, four patients experienced complete 
resolution and two showed significant improvement. One patient 
who underwent SS-R despite negative WOT results demonstrat-
ed stable outcomes. Another patient, whose surgical findings re-
vealed a thin SS plate with SS-Div, was treated with SS-R and 
SS-Div obliteration using a periosteal flap [16], in accordance 
with negative WOT results, and showed complete resolution. Fi-
nally, one complete resolution and one significant improvement 
were achieved when SS-R was performed based on positive WOT 
results in two patients. In these cases, PMEV was detected only 
on TBCT and was not specifically addressed intraoperatively. 

Interestingly, the cure rate for SS-R surgery in patients suffer-
ing from PT, caused solely by SS-Deh, was as high as 66.7%. 
This was observed in patients who demonstrated positive TBCT 
and intraoperative findings, along with a positive WOT. The re-
maining patients also exhibited significant improvement. This 
suggests that the combined approach of TBCT, WOT, and intra-
operative findings holds excellent prognostic value for the surgi-
cal outcomes of SS-R. Postoperatively, there were no complica-

tions except for one case (no. 13 in Table 1) of newly developed 
mild conductive hearing loss (Fig. 4). 

DISCUSSION

In this study, we observed a high success rate of SS-R in patients 
with PT originating from sigmoid sinus variants. Of the 26 pa-
tients enrolled in the study, 21 (80.76%) showed a significant 
improvement in symptoms post-surgery. Additionally, the study 
aimed to validate the prognostic value of the WOT, a method 
previously published by our research group [13], by analyzing 
the surgical outcomes of SS-R in PT patients based on the WOT 
results. However, five patients exhibited no change in surgical 
outcomes, despite preoperative diagnosis using TBCT, intraoper-
ative findings, and the WOT. The first patient (no. 6 in Table 1), 
who had preoperative TBCT and intraoperative findings of SS-
Deh and SS-Div underwent SS-R alone, which resulted in no 
change in outcome. In this patient, the WOT result was partial, 

Table 1. Clinical features and demographic data of 26 patients  

No.
Sex/
age 
(yr)

Tinnitus 
duration 

(mo)
Side Diagnosis (TBCT)

MEV 
diameter

Final diagnosis
Water 

occlusion 
test

Operation Outcome
% of 

outcome 
(LD)

% of
outcome 

(THI 
score) 

1 F/58 17 Rt SS-Deh, SS-Div SS-Deh, SS-Div Partial SS-R Complete 100 100
2 M/18 7 Rt SS-Deh SS-Deh Positive SS-R Complete 100 100
3 F/55 6 Rt SS-Deh SS-Deh Positive SS-R Significant 75 90.9
4 M/30 4 Rt SS-Deh SS-Deh Positive SS-R Significant 71.4 100
5 M/29 3 Rt SS-Deh SS-Deh Positive SS-R Complete 100 100
6 F/38 5 Rt SS-Deh, SS-Div SS-Deh, SS-Div Partial SS-R Stationary 33.3 33.3
7 F/23 3 Rt SS-Deh Thin SS plate Positive SS-R Complete 100 100
8 F/62 3 Lt HJB-Deh, PMEV 3.27 mm HJB-Deh, PMEV Partial SS-R, JB-R Complete 100 100
9 F/49 1 Lt SS-Deh, SS-Div SS-Deh, SS-Div Partial SS-R Significant 75 88.2

10 F/28 1 Rt SS-Deh SS-Deh Positive SS-R Complete 100 100
11 F/36 2 Rt SS-Deh, SS-Div Thin SS plate Positive SS-R Significant 60 100
12 F/38 120 Rt SS-Deh, SS-Div Thin SS plate, SS-Div Negative SS-R, Div-obliteration Complete 100 100
13 M/60 24 Rt SS-Deh, HJB-Deh, PMEV 3.34 mm Thin SS plate, HJB-Deh Positive SS-R, JB-R Stationary 14.2 63.8
14 F/47 120 Rt SS-Deh, SS-Div SS-Deh, SS-Div Negative SS-R, Div-obliteration Complete 100 100
15 M/51 60 Lt PMEV 2.59 mm PMEV Partial SS-R Stationary 25 −100
16 F/40 3 Rt PMEV 2.40 mm PMEV Partial SS-R, EV ligation Stationary 33.3 97
17 F/37 36 Rt SS-Deh SS-Deh Positive SS-R Complete 100 100
18 F/30 6 Rt SS-Deh Thin SS plate Positive SS-R Complete 100 100
19 F/43 12 Lt SS-Deh, HJB-Deh SS-Deh, HJB-Deh Positive SS-R, JB-R Complete 100 100
20 F/49 72 Rt SS-Deh, SS-Div SS-Deh, SS-Div Partial SS-R, Div-obliteration Complete 100 100
21 M/75 72 Rt SS-Deh, PMEV 2.44 mm SS-Deh, PEMV Positive SS-R Significant 62.5 100
22 F/50 48 Rt SS-Deh SS-Deh Positive SS-R Significant 87.5 100
23 F/33 18 Rt SS-Deh, PMEV 2.30 mm SS-Deh Positive SS-R Complete 100 100
24 F/46 3 Lt SS-Deh Thin SS plate Positive SS-R Complete 100 100
25 M/62 120 Rt SS-Deh Thin SS plate Positive SS-R Significant 71.4 100
26 F/56 36 Rt SS-Deh Thin SS plate Negative SS-R Stationary 33.3 39.4

TBCT, temporal bone computed tomography; MEV, mastoid emissary vein; LD, visual analog scale loudness score; THI, Tinnitus Handicap Inventory; Rt, 
right; Lt, left; SS-Deh, sigmoid sinus dehiscence; SS-Div, sigmoid sinus diverticulum; SS-R, sigmoid sinus resurfacing surgery; HJB-Deh, dehiscent high 
riding jugular bulb; PMEV, prominent mastoid emissary vein; JB-R, jugular bulb resurfacing surgery; Div-obliteration, diverticulum obliteration surgery; EV li-
gation, emissary vein ligation surgery.
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Fig. 3. Surgical outcomes. (A) Preoperative and postoperative improvements in visual analog scale (VAS) scores. (B) Preoperative and postop-
erative changes in VAS loudness scores. (C) Preoperative and postoperative improvements in Tinnitus Handicap Inventory (THI) scores. (D) 
Preoperative and postoperative changes in THI scores. Values are presented as mean±standard deviation.
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Fig. 4. (A) Preoperative and (B) postoperative pure tone audiograms of a patient managed with sigmoid sinus resurfacing and high-jugular 
bulb resurfacing who showed newly developed conductive hearing loss as a complication of surgery.
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suggesting that her SS-Div significantly impacted her PT symp-
toms. Therefore, reshaping the sigmoid sinus to reduce turbu-
lence in the SS-Div or obliterating it with a periosteal flap might 
be necessary to achieve successful surgical outcomes. As previ-
ously reported, partial results in the WOT, which support the im-
pact of SS-Div on symptoms, occur because water occlusion of 
the EAC only reduces sound coming from the venous sinus de-
hiscence but does not affect, or even amplifies, turbulence sounds 
originating from SS-Div, PMEV, or an arteriovenous fistula [13]. 
In more detail, pulsatile sound from the venous sinus dehiscent 
site is transmitted to the tympanic membrane through air trans-
mission (air pulsation mechanism), while pulsatile sound from 
turbulent blood flow can be directly transmitted to the cochlea 
through bone conduction (turbulence conduction mechanism). 
Given that water occlusion of the EAC only affects the movement 
of the tympanic membrane, SS-Deh and HJB-Deh may show 
positive results in the WOT, whereas SS-Div, PMEV, and arterio-
venous fistula may show partial or negative results in the WOT. 

The mastoid emissary vein (MEV) is a normal venous struc-
ture connecting the extracranial venous system and sigmoid si-
nus [17] that is found in the majority of the population and typi-
cally has no significant clinical features [18]. Kim et al. [19] re-
ported that the prevalence of MEV was 74% on the left side and 
81% on the right side, and the mean mastoid emissary foramen 
diameter was 1.73 mm. Forte et al. [20] measured the internal 
foramina of sigmoid sinuses in 50 normal cadaver skulls and re-
ported that 60% had diameters smaller than 2 mm and 85% 
had diameters smaller than 3.5 mm [18]. Although most MEVs 
do not display significant clinical features, those with a diameter 
large enough to cause turbulence could potentially contribute to 
PT. In our study, TBCT revealed six cases of PMEV, with a mean 
diameter of 2.72 mm. Among them, two patients (no. 15 and 16 
in Table 1) had only PMEV contributing to PT, with diameters of 
2.59 mm and 2.4 mm respectively, and their WOT results were 
both partial. One patient underwent only SS-R and the other 
underwent SS-R with emissary vein ligation surgery. Their surgi-
cal outcomes were both stable; however, their THI scores varied, 
with one increasing by 100% and the other decreasing by 97%. 
Based on this intriguing result, we suggest that a confirmed di-
agnosis of PMEV, obtained through various diagnostic tools in-
cluding the WOT, should be managed with emissary vein ligation 
surgery to alleviate symptoms.

One patient (No. 13 in Table 1), who showed SS-Deh, HJB-Deh, 
and PMEV on TBCT preoperatively, was confirmed to have a 
thin SS plate and HJB-Deh intraoperatively. Based on the posi-
tive WOT results in this patient, only SS-R and HJB-R were per-
formed. The surgical outcome was stable, with a reduction of 
14.2% in VAS LD and 58.2% in THI. However, the evaluation 
of the surgical outcome in this patient was limited due to the 
onset of mild conductive hearing loss post-surgery, likely caused 
by a minor disturbance of air conduction associated with the re-
surfacing materials. The final patient (no. 26 in Table 1), who ex-

hibited SS-Deh in preoperative TBCT and was found to have a 
thin SS plate during surgery, demonstrated negative WOT results. 
The unchanging outcome of the surgery in this patient under-
scores the clinical prognostic value and significance of WOT 
once more.

Based on an analysis of 10 cases that showed discrepancies 
between preoperative TBCT and intraoperative surgical findings, 
as well as five cases with consistent results, we acknowledge the 
limitations of using TBCT and intraoperative findings to diagnose 
anatomical abnormalities. This is particularly relevant when pre-
dicting the surgical outcomes of PT. Therefore, we propose that 
a comprehensive diagnostic evaluation for PT, which includes 
preoperative TBCT, WOT, and intraoperative findings, may be 
essential in identifying the best surgical approaches and ensur-
ing successful surgical results. Although the prior report primari-
ly highlighted the diagnostic significance of a new WOT based 
on potential PT mechanisms [13], our study aims to underscore 
the importance of WOT in deciding surgical procedures, in con-
junction with surgical findings and outcomes. 

Our study has certain limitations that should be acknowl-
edged and addressed in future research. Firstly, our study was 
retrospective in nature, with a relatively small sample size, and 
all surgeries were conducted by a single surgeon at one institu-
tion. Future research should be prospective, encompassing a 
larger sample size, and should include data from SS-R opera-
tions performed by multiple surgeons across various hospitals, 
all using the same method. Secondly, we only analyzed subjec-
tive outcomes when evaluating the surgical results in this study. 
Objective outcomes, such as those provided by Lee et al. [21] 
should be considered in the analysis of PT. Finally, the evalua-
tion of the surgical management efficacy of PMEV in this study 
may have been limited due to the inclusion of only one patient. 
To evaluate surgical outcomes, we need data from a larger num-
ber of patients with PMEV causing PT who have undergone 
emissary vein ligation surgery.
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