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New marsupialization technique in endolymphatic sac surgery
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Abstract

Objectives: The aim of the present study was to describe and evaluate the results of

a new technique in endolymphatic sac decompression surgery.

Methods: Forty-three patients with intractable unilateral Meniere's disease were

selected. Endolymphatic sac was identified after simple mastoidectomy, and its lat-

eral layer was incised, using a sickle knife. Outer layer of the sac was turned around

and placed under the anterior bony border.

Results: Mean duration of the follow-up was 24 months. Mean tinnitus handicap

index, pure tone average (PTA) on thresholds at 500, 1000, 2000, and 4000 Hz, mean

speech reception threshold, mean speech discrimination score, hearing stage, and

mean vertigo score before and after surgery were evaluated.

Conclusion: The new marsupialization technique with anterior bony border is a safe

and effective way to improve tinnitus, vertigo, and ear fullness among these patients.

According to PTA and hearing stage, this surgery can control progressive

hearing loss.

Level of Evidence: 3
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1 | INTRODUCTION

Meniere's disease (MD) is a common inner ear disease, characterized

by vertigo, hearing loss, and tinnitus. It occurs at an incidence rate of

15 to 50 per 100 000 individuals.1 MD is difficult to diagnose, espe-

cially in its early stages. Frequently, initial vertigo attacks are fre-

quently diagnosed as viral labyrinthitis.2 Histopathological findings of

temporal bone studies in patients with MD include loss of epithelial

integrity of endolymphatic sac,3 perisacular fibrosis, hypoplasia of ves-

tibular aqueduct, and atrophy of the sac.4 Medical management in

MD consists of conservative treatment and lifestyle modifications,

such as low salt diet, avoiding caffeine, alcohol, and tobacco, in addi-

tion to diuretics and betahistine prescriptions.

About 10% of patients are refractory to medical management.5

Ultimately, when conservative treatments fail, surgical management

should be considered. There are different surgical approaches to treat

patients with MD. Some interventions include transtympanic steroids

or gentamicin, endolymphatic sac surgery, ventilation tube placement,

vestibular neurectomy, and labyrinthectomy.6 Nowadays, endolym-

phatic sac surgery is less invasive and easier to perform in comparison

with labyrinthectomy or vestibular neurectomy.7 Recently, Derebery

et al presented encouraging results for endolymphatic sac shunt sur-

gery in comparison with intratympanic gentamicin treatment to con-

trol vertigo and to preserve hearing.8 Although most of the

endolymphatic sac techniques report acceptable vertigo control, but

preservation of hearing level, ear fullness, suturing in previous
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techniques using silastic shunt and ventilation tube, surgical site infec-

tion, more dissection, and intraop complication in the previous studies

were the reasons that we intended to perform a modification of endo-

lymphatic sac decompression surgery with a new marsupialization

technique to minimizing the surgical complications without using silas-

tic shunt, ventilation tube, and suturing to reduce the cost of surgery,

preserving hearing level with less fibrosis and infection. In addition,

with limited dissection, fewer intraop complications are expected.

2 | MATERIALS AND METHODS

In this retrospective study, all patients underwent endolymphatic sac

decompression surgery in Rasool-e-Akram teaching hospital from 2012

to 2017. Forty-three adult patients were enrolled in this study with uni-

lateral diagnosed intractable MDs, who had fulfilled the criteria of the

1995 American Academy of Otolaryngology-Head and Neck Surgery

(AAO-HNS) guideline on MD. The individuals were diagnosed according

to their clinical symptoms like progressive or fluctuating hearing loss and

recurrent vertigo. All patients underwent medical treatment for about

1 year. Intractable MD is defined as progressive hearing deterioration

more than 10dB with or without recurrent vertigo at least once a month

for about 3 to 6 months which is outlined during the 2008 Lancet

seminar.9

Patients with bilateral MD, neurology disorders, noninteractable

MD, peripheral, or central vestibular disorders were excluded from

this study. Complete neurological examination was done and any

other pathology in the cerebellopontine angle was ruled out by mag-

netic resonance imaging. Hearing impairment was considered with

pure tone average (PTA) with four frequency average (500, 1000,

2000, and 4000 Hz), speech discrimination score (SDS), and speech

reception threshold (SRT). The Functional Level Score, hearing stage,

and vertigo control were computed according to the 1995 AAO-HNS

guidelines.10 Hearing stage is classified by the four-tone average with

stage 1 being less than 25 dB, stage 2 between 25 and 40 dB, stage

3 between 41 and 70 dB, and stage 4 more than 70 dB.11

All these measures were obtained immediately before the treat-

ment and 6 months after the surgery. The proportion of patients with

reduction of tinnitus was measured, using patient-reported question-

naire scores, such the tinnitus handicap index (THI) score.12

All surgeries were performed by the first author (A. D.), using sim-

ilar surgical technique. All patients were operated under general anes-

thesia. All the patients were followed up for at least 24 months.

All patients were informed about the risk of surgical procedures,

and they signed a written informed consent. Ethical approval for this

study was obtained from local research Ethics Committee of Iran

University of Medical Sciences.

2.1 | Surgical technique

Under general anesthesia, intact canal mastoidectomy was performed.

The incus, lateral and posterior semicircular canal (SCC), and sigmoid

sinus were identified. If the sigmoid sinus was anterior, unroofing of

the sinus was performed with its posterior decompression. The bone

over the dura of the posterior fossa was removed including from the

sigmoid sinus posteriorly and up to the posterior SCC anteriorly. In

few patients, endolymphatic sac is smaller, making it more difficult for

surgeons to identify it. Therefore, Donaldson's line can be used as sur-

gical landmark for the endolymphatic sac. It passes through horizontal

SSC bisecting posterior SSC. The endolymphatic sac that appears as

thickening of the posterior cranial fossa dura is situated inferior to the

Donaldson's line (Figure 1). The endolymphatic sac usually seems

whiter than the posterior fossa dura. When the sac is identified, its

lateral layer incised by a sickle knife via Y-shaped incision (Figure 2).

This layer was turned around as an anterior based flap and placed

under accompanying anterior bony border (Figure 3). Thereafter, the

sac was marsupialized. No tube or any other external material was

required to preserve the sac orifice (Figure 4).

2.2 | Statistical analyses

Mean and SD of continuous variables were determined. For continu-

ous variables, normality of data was determined by Kolmogorov-

Smirnov test. If the data were normally distributed, comparison of the

results before and after surgery was done by paired t test, unless the

results were compared by Wilcoxon signed rank test. For nominal

data, comparison of the results before and after the study was done

by McNemar test. P values less than .05 were considered to be statis-

tically significant. SPSS version 18 (PASW, IBM corp., Armonk,

New York) was used for statistical analyses.

3 | RESULTS

In total, 43 patients were enrolled in this study. Their mean age was

38.2 ± 9.3 years old (24-55) and 29 patients were female (67.4%).

Also, 23 surgeries were performed on the left side (53.5%). Mean

duration of follow-up after surgery was 24 months (18-28).

F IGURE 1 Yellow line: Donaldson's line; green asterisk: lateral
semicircular canal; purple asterisk: posterior semicircular canal; blue
asterisk: endolymphatic sac

DANESHI ET AL. 547



Ear fullness was seen in 37 patients before the surgery (88.1%),

and only in 8 patients after the surgery (19%) (P < .001). All patients

without fullness before surgery did not have fullness after surgery

(Table 1).

In total, 11 patients did not complain of tinnitus before the sur-

gery. Among others with some degrees of tinnitus (32 patients,

74.4%), mean THI before the surgery was 47.5 ± 13.8 while it was

14.1 ± 8.3 after the surgery (P < .001). Before surgery and based on

THI, 10 cases were severe (23.3%), 18 moderate (41.9%), and 4 mild

(9.3%) while after the surgery, among the 29 patients suffering from

tinnitus (67.4%), 28 were mild (65.1%) and only one patient com-

plained of moderate tinnitus (2.3%) (P < .001).

Mean PTA (500, 1000, 2000, and 4000 Hz) was 45.1 ± 8 before

the surgery while it was 42.4 ± 9.5 after the surgery (P = .04). Com-

paring PTA before and after surgery, the score increased in 13 patients

(30.2%), remained unchanged in 6 patients (14%), and decreased in

24 patients (51.2%).

PTA 500 Hz was 49.1 ± 8.1 before the surgery while it was 43.8

± 11.4 after the surgery (P = .008). Comparing PTA 500 Hz before

and after surgery, the score increased in 13 patients (30.2%),

remained unchanged in 2 patients (4.7%), and decreased in 28 patients

(65.1%).

PTA 1000 Hz was 47 ± 9.6 before surgery, while it was 43.3

± 11.7 after the surgery (P = .045). Comparing PTA 1000 Hz before

and after the surgery, the score increased in 11 patients (25.6%)

(in which it was equal to 10 in nine patients and equal to 20 in two

patients), remained unchanged in 8 patients (18.6%), and decreased in

the other 24 patients (55.8%) (in which it was equal to 5 in 2 patients,

equal to 10 in 16 patients, and equal to 20 in 6 patients).

PTA 2000 Hz was 41.9 ± 10.7 before the surgery, while it was

41.5 ± 12.6 after the surgery (P = .84). Comparing PTA 2000 Hz

before and after the surgery, the score increased in 17 patients

(39.5%), remained unchanged in 5 patients (11.6%), and decreased in

21 patients (48.8%).

PTA 4000 Hz was 42.3 ± 9.2 before the surgery and it was 41

± 11.1 after the surgery (P = .52). Comparing PTA 4000 Hz before

and after the surgery, the score increased in 17 patients (39.5%),

remained unchanged in 7 patients (16.3%), and decreased in

19 patients (44.2%) (Figure 4).

F IGURE 2 Lateral layer of endolymphatic sac is incised by a sickle
knife via Y-shaped incision

F IGURE 3 The lateral layer of endolymphatic sac is turned
around as an anterior based flap and is placed under accompanying
anterior bony border

F IGURE 4 Comparison of vertigo, THI, and PTA before and after the surgery. PTA, pure tone average; THI, tinnitus handicap index
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Considering the Hearing stage before the surgery, 12 were stage II

(27.9%) and 31 were stage III (72.1%) while after the surgery, 23 were

stage II (53.5%) and 20 were stage III (46.5%) (P = .003). In fact, after sur-

gery, Hearing stage increased in 1 patient (2.3%), remained unchanged in

30 patients (69.8%), and decreased in 12 patients (27.9%).

Mean SRT was 44.5 ± 7.7 before the surgery, while it was 42.3

± 10 after the surgery (P = .11). It increased after the surgery in

16 patients (37.2%) (equal to 15 in 1 patient, equal to 10 in 6 patients,

and equal to 5 in 9 patients), remained unchanged in 6 patients (14%),

and decreased in 21 patients (equal to 5 in 5 patients, equal to 10 in

10 patients, and equal to 15 in 6 patients).

Mean SDS was 94 ± 5.2 before the surgery, while it was 94.6

± 4.9 after the surgery (P = .96). It was increased after the surgery in

15 patients (34.9%), remained unchanged in 13 patients (30.2%), and

decreased in 15 patients (34.9%).

Mean vertigo score was 18.1 ± 3.9 before the surgery while it

was 4.7 ± 3.1 after the surgery (P < .001). It was increased after the

surgery in only one patient (2.3%) (equal to 11 points) and decreased

in 42 patients (97.7%) (Figure 4).

4 | DISCUSSION

Although important progress has been made in treatment of MD, it is

still challenging for most clinicians. Portmann in 1927 described the

endolymphatic sac decompression for the first time by a small incision

to open the endolymphatic sac with the aim to reduce the endolym-

phatic pressure.13

In 1976, Paparella introduced the endolymphatic duct valve tech-

nique with T-tube insertion. Vertigo was controlled in 94% of

patients, and resulted in 30% improvement in hearing level.14 In 2006,

Convert et al15 reported a 10-year follow-up of patients operated for

the endolymphatic sac decompression, and vertigo was controlled in

64.5% and their hearing level improved in 14.8% of the cases, which

was in line with Kim et al's report.16 A systematic review and meta-

analysis from 2014 by Sood et al showed that the endolymphatic sac

decompression with or without shunt is excellent for controlling ver-

tigo and hearing level in 75% of the patients with resistant MD. There

was a trend toward sac decompression alone over shunting proce-

dures to provide better vertigo control, and the data showed hearing

level in patients without Silastic shunt was significantly better in com-

parison with patients with Silastic.17

Similar to previous data, many studies have considered endo-

lymphatic sac surgery as an effective treatment of intractable MD.

Huang in 2002 reported his experience after more than 3000 endo-

lymphatic sac decompression surgeries, he stated that although it

seems unlikely to obtain a short-term rate of vertigo control above

90%, improvements could be made to the long-term control of MD

symptoms, by modifying the surgical procedure in the future or per-

forming intervention in early stages of the MD.18 Saliba et al in

2015 introduced endolymphatic duct blockage technique showed

that good vertigo control as well as a significantly increased quality

of life.19 According to the systematic review meta-analysis in 2017

by Volkenstein et al comparing the endolymphatic sac decompres-

sion and endolymphatic duct blockage, more difficult technique and

intraoperation cerebrospinal fluid (CSF) leak were seen in endolym-

phatic duct blockage surgery due to the more dissection of the bone

adjacent to the dura matter to identify the endolymphatic duct in its

superior and inferior part to clip the duct.20 In 2019, Naples et al

considered intratympanic gentamicin as initial therapy for early and

long-term control of MD, and showed that this procedure is a safe

and effective way for controlling vertigo without risk of hearing loss,

but there are still concerns regarding bilateral MD.21

However, endolymphatic sac decompression is an excellent non-

destructive surgical option for patients with resistant or bilateral MD;

therefore, we attempted to find a new way for endolymphatic sac

decompression, to minimize the damage to hearing level and reduce

surgical site infection. Using silastic shunt could damage the surround-

ing tissue due to the fibroproliferative response.22 Owing to more

hearing level impairment in patients using Silastic in comparison to

group without Silastic, we decided to use a new technique to mini-

mize the risk of surgical interventions. To do so, we did not use silas-

tic, any tube, or suturing during our surgeries, and for making a

permanent shunt, we used adjacent anterior bony border. The main

advantage of this procedure is its simplicity and fewer complications

due to limited dissection in comparison with endolymphatic duct

blockage. Besides, anterior bony border helps the flap to stay in place,

make a permanent shunt, and minimize the recurrence rate. In this

study, we showed significant improvement in ear fullness after sur-

gery (88.1% before surgery in comparison with 19% after surgery).

According to THI score, tinnitus decreased significantly (before sur-

gery, it was 47.5 ± 13.8, while it was 14.1 ± 8.3 after surgery;

P < .001). Mean PTA, mean SRT, and SDS did not significantly change

before and after surgery (44.5 ± 7.7 before surgery, while it was

42.3 ± 10 after surgery [P = .11]; 94 ± 5.2 before surgery, while it was

94.6 ± 4.9 after surgery [P = .96], respectively). Mean vertigo score

showed 97.7% improvement after surgery and follow-up (18.1 ± 3.9

before surgery, while it was 4.7 ± 3.1 after surgery; P < .001). We only

had one patient with refractory vertigo after surgery who required

secondary treatment. In this case, we chose vestibular neurectomy

and achieved symptoms relief. No symptom recurrence or any infec-

tion was seen in these patients. During our follow-up, three patients

had MD symptom in contralateral ear, which was due to the nature of

MD; 10% to 40% of cases of unilateral MD progress to bilateral

bypassing time. None of the patients had intraoperative CSF leak,

posterior SSC injury, facial nerve injury, or sigmoid sinus injury. There

was also no problem regarding preservation of the bony border or flap

TABLE 1 Demographic data

Gender (male:female) (%) 14:29 (32.6:67.4)

Age (range) 38.16 (24-55)

Laterality (Rt:Lt) (%) (20:23) (46.5:53.5)

Tinnitus (Yes:No) (%) (32:11) (74.4:25.6)

Ear fullness Before surgery (Yes:No) (%) (38:5) (88.4:11.6)

After surgery (Yes:No) (%) (9:34) (20.9:79.1)
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during surgery. However, this is a delicate procedure and the surgeon

should be very careful not to tear the flap or damage the surrounding

bony border. No patient required revision surgery due to foreign

material; hence, the risk of more fibrosis as a result of revision surgery

was reduced. Therefore, we hope that this technique could help MD

patients to improve their quality of life and reduce the cost of the

health insurance.

Not having a control group and small number of patients could

be mentioned as limitations of this study. There is no modality to

confirm that the marsupialized sac is still open except by clinical

responses in the follow-ups. A multicenter, prospective study with

more patients and longer follow-up period would provide higher

level of evidence.

5 | CONCLUSION

Endolymphatic sac decompression surgery and new marsupialization

technique under anterior bony border is safe and an excellent nonde-

structive surgery for patients with resistant MD. Significant vertigo

and hearing level control were observed in these patients with no sig-

nificant complication.

• Surgical treatment is indicated in some patients with intractable

MD. Nowadays, endolymphatic sac surgery is known as a safe pro-

cedure. Endolymphatic sac decompression surgery is one of the

best options to control MD. Use of marsupialization technique

under anterior bony border is a novel method for endolymphatic

sac decompression without the need for suturing with low recur-

rence rate. Also, vertigo and hearing level were controlled in these

patients with no significant complication.
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