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Abstract

Objective The aim of this study is to perform a systematic literature review on the occurrence of gusher during stapes sur-
gery, to understand its surgical management and outcomes.

Methods The PRISMA standard was applied to identify English, Italian or French-language studies, related to stapes sur-
gery and mentioning gusher or perilymphatic leak. Full-texts lacking information on the management of gusher and/or the
post-operative hearing outcome were excluded.

Results Twenty-four articles were eventually included. Seventy-six patients were involved in the qualitative synthesis. The
management of gusher mostly consisted in covering the oval window and/or filling the tympanic cavity, with absorbable and
autologous graft materials. Packing of the external auditory canal was reported in 51 patients (67%). Gusher was related to
complete/profound loss of hearing in 25% of the cases and to a worsening of hearing function in 31% of patients. In 19%
of patients an improvement in hearing tests was reported; in 28% the hearing function was unchanged. Post-operative ves-
tibular symptoms were reported in 7 patients, and were mainly mild and transient. The absence of vestibular symptoms was
underlined in 9 cases, while in 79% of the patients the authors did not provide information.

Conclusion The unexpected occurrence of gusher during stapes surgery represents a relevant issue for the otologic surgeon.
Its management most commonly consists in plugging the oval window and the tympanic cavity. In most of the cases, a stapes
prosthesis could be positioned. The results on hearing and vestibular functions are widely variable.

Keywords Gusher - Perilymphatic leak - Stapes surgery - Stapes fixation

Introduction

“Gusher” is considered a dramatic occurrence during the
course of stapes surgery, and consists of a sudden and pro-
fuse flow of perilymphatic fluid immediately upon opening
the vestibule. This flow may completely fill the middle ear
and the external auditory canal (EAC) within seconds, and
its management may be problematic for otologic surgeons.
This rapid egress of cerebrospinal fluid (CSF) may lead to
severe hearing loss, tinnitus or vestibular dysfunction.

It is a rare complication (roughly 0.3% according to lit-
erature [1]) of surgery for otosclerosis in adult age, and can
also be associated with congenital X-linked stapes fixation.
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This phenomenon generally occurs as the result of an
abnormal communication between the perilymphatic and
subarachnoid spaces [2]. In the majority of the cases the
abnormal connection is through the internal auditory canal
(IAC) or might involve the cochlear aqueduct (CA) [3].

The impossibility of defining a preoperative clinical diag-
nosis, associated with the absence of pathognomonic signs
of the disease, is a critical point in patients with gusher.

Moreover, due to the rarity of its occurrence, no large
case series can be gathered by any author, so literature
almost completely consists of case reports or small case
series.

The aim of present paper would be to perform a system-
atic literature review on this serious complication of stapes
surgery to understand its surgical management and possible
outcomes.
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Methods

PRISMA 2009 guidelines were applied in this systematic
literature review.

The following search string was run on PubMed: gusher
[All Fields] AND ("stapes"[MeSH Terms] OR "stapes"[All
Fields]).

After running the above search string in October 2018,
abstracts and titles obtained were screened independently by
two of the authors (GM and MSR), who subsequently met
and discussed disagreements on citation inclusion.

Inclusion criteria for citations were English, Italian or
French language; subject related to stapes surgery; mention
of gusher or perilymphatic leak. Exclusion criteria for cita-
tions were subject totally unrelated to surgery (e.g. genetic
analysis of congenital syndromes, other causes of hearing
loss, third-window anomalies).

Then the full texts of the articles identified were screened
by the same two authors, who met and discussed disagree-
ments on article inclusion. Inclusion criterion for full-text
articles identified was reporting on the occurrence of intra-
operative gusher during stapes surgery.

Full-texts lacking information about the management of
gusher and/or the hearing outcome after the complicated
procedure were excluded.

A further manual check of the references included in the
articles was performed, adding eight articles.

Information from each study was extracted using a stand-
ardized data extraction form. The general characteristics of
each study (source, year of publication, study type, number
of patients with gusher, treated disease, type of stapes sur-
gery, management of gusher, hearing outcome, post-opera-
tive vestibular symptoms, radiologic abnormalities, intraop-
erative pathological or unusual findings, relevant patient’s
history) were summarized in Table 1. No assessment of risk
of bias was undertaken in the present study as the authors
felt that studies of any quality should be included, so as not
to miss any eligible case of gusher. Moreover, since a meta-
analysis was not applicable due to the qualitative nature of
the results, bias assessment of single studies was considered
not to influence the results of our study.

Results

Running the above search string in PubMed, 70 articles were
identified. After initial check, full-text retrieval, and manual
crosschecking of the references, 24 articles were eventually
included in the study (Fig. 1). Articles included were pub-
lished between 1961 and 2018. Most of the included articles
were case report (12) or case series (11). Two studies were
retrospective.

@ Springer

The total number of patients included in the qualitative
synthesis was 76. The largest study population consisted of
38 patients.

Regarding the disease, 54 patients (71%) were treated for
suspected otosclerosis while 20 (26%) for congenital stapes
fixation (either X-linked or with other inheritance pattern).

Surgical procedure on the stapes was stapedotomy in 16
cases (21%), and stapedectomy in 56 cases (74%) (total in
29 cases vs partial in 27). In three reports it was not possible
to define the type of stapes surgery.

The management most commonly consisted of covering
the oval window and/or filling the tympanic cavity. Absorb-
able materials (Gelfoam, spongostan, and fibrin glue) and
autologous graft materials (fat, vein, fibrofatty tissue, muscle
fascia, and perichondrium) were used to perform a multi-
layer cover of the perilymphatic leak. In 53 patients (70%),
stapes prosthesis was placed and the procedure accom-
plished, while stapes surgery was abandoned in the remain-
ing 23 patients (30%) (Table 2).

Packing of the EAC was reported in 51 patients (67%);
among the cases where the packing technique was specified,
it was found that absorbable material only (such as Gelfoam)
was used in a minority of cases, while a dressing or gauze
(usually cotton-made) was most commonly preferred to fill
the EAC and applied some compression.

In an attempt to reduce CSF flow, bed rest with head ele-
vation (in 45 patients, 59%) and lumbar drain (in 5 patients,
7%) were additional measures adopted by some authors.
Lumbar drain was positioned immediately after gusher in
three patients (who maintained it for 3 days) and after evi-
dence of persistent CSF leak in two patients.

Persistence of CSF leak (otorrhea and/or rhinorrhea)
occurred in 16 patients (21%): 10 of them were treated
conservatively and stopped after few hours to several days.
One patient underwent revision surgery after 9-month long
otorrhea and chronic infection, despite no fistula being seen
intraoperatively. In five, patients management of CSF leak
was not explained.

One patient only experienced recurrence of CSF leak
(complete closure of the leak and discharge, then readmis-
sion for profuse otorhinorrhea, with evidence of flow from
oval and round window) and was operated on 3 weeks after
readmission with plugging of the oval window, packing of
the EAC with sterile cotton, and spinal tap. Conservative
treatment was done for persistent post-revision surgery CSF
leak. Only Krouchi et al. quote pneumococcal vaccination
as further precaution after gusher in a 30-year-old patient.

Regarding post-operative hearing outcome, no informa-
tion was available in 44 patients (58%).

The results showed that gusher was related to complete/
profound loss of hearing in 8 cases (8/32, 25%), while to
a worsening of hearing function in 10 cases (10/32, 31%).
Among these, five experienced also tinnitus after gusher. Six
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searching (string)

70 records identified and

screened trough database

47 records excluded for:

- Language other than Italian,

English or French=12

23 full-text articles

assessed for eligibility

\ 4

- Subject totally unrelated to stapes
surgery; no mention of gusher or

perilymphatic leak =35

7 full-text articles excluded for:

8 articles included

A 4

by manual search

24 full-text articles
eventually included
for qualitative

synthesis

Fig. 1 Articles selection

patients (6/32, 19%) were reported to have an improvement
in their hearing tests; on the other hand in 9 cases (9/32,
28%) the hearing function was unchanged with respect to
pre-operatory hearing levels.

Post-operative vestibular symptoms were reported in
seven patients of the cohort, and were mainly mild and tran-
sient. The absence of vestibular symptoms was underlined in
nine patients, while in most of the cases the authors did not
provide information (79%). In the paper from Nguyen et al.,
the patient presented persistent vertigo after first surgery,
which lead to the identification of an anterior semicircular
canal dehiscence with meningocele of the tegmen tympani.
As a consequence, the vertigo disappeared after dehiscence
repair in this patient.

In eight patients a relevant personal history was found.
One case of gusher occurred in a patient with MEN syn-
drome, one in a patient with Klippel Feil syndrome. Famili-
arity for hearing loss (HL) was found in three cases. Other
comorbidities (such as epilepsy, ADHD, mental retarda-
tion...) were found among some of the patients included.

Twenty-one patients (27%) were diagnosed with con-
genital anatomical anomalies on post-operative radiologic
scans or on re-evaluation of preoperative ones. The majority
(16/21, 76%) affected the IAC, its cochlear end and/or the
cochlea itself. In five (5/21, 24%) patients a large vestibular
aqueduct was found, while a large CA was found in the case

v

- lack of information about
management of gusher

- lack of information about

post-operative hearing

by Pech et al. Abnormal features of the semicircular canals
were also reported, such as anterior semicircular canal dehis-
cence or dilation or dysplasia of one or more semicircular
canals. In five (5/21, 24%) patients a widening of the first
segment of the facial nerve was shown. In 52 (77%), data on
radiologic tests were not available; these papers are mainly
before 1980, while only 3 were published after 2003.

Only in four patients (5%) no anatomic anomaly was
found on radiologic evaluation after gusher.

Occasionally (19%), gusher was associated to intraopera-
tive unusual appearance of the stapes, the stapedial tendon,
or other intratympanic structures.

Discussion

Perilymphatic fluid leak coincident with fenestrating or
removing the footplate of the stapes is an uncommon occur-
rence that surgeons can encounter during stapes surgery. If
it consists of a rapid and profuse perilymphatic leak that
immediately completely fills the middle ear and wells up in
the external canal during stapes surgery it is usually defined
as stapes gusher. When the flow is slower and less profuse, it
is referred to as oozing leak [2, 4], despite this classification
is not clearly stated in several papers on this topic.

@ Springer
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The incidence of stapes gusher has been reported ranging
from 1 in 500 to 1 in 3300 stapes operations [5, 6]. A survey
by the American Otological Society published in 1993 found
that 46% of surgeons had dealt with one or two gushers in
their practice, 41% with more than two, and only 13% had
never encountered a gusher [7].

When gusher occurs, only the first millilitres are true peri-
lymph fluid, the remaining flow consists of CSF [2].

Indeed, the etiology of stapes gusher can be traced back
to a congenital malformation with an abnormal connection
between the subarachnoid and perilymphatic spaces.

Physiological communication between the subarachnoid
and the perilymphatic space is established through the CA
and the perineural sheets of nerves located in the IAC. A
widened CA or a defect of the fundus of IAC has shown
to be related to the occurrence of stapes gusher or CSF
oto(rhino)rrea associated with recurrent meningitis by some
authors [7].

Of all the case reports on gusher, the most convincing on
the hypothesis of a persistently patent CA as the source of
profuse flow is that by Farrior and Endicott. They described
two patients in whom profuse flow was seen upon the open-
ing of a congenitally fixed stapes, and ablation of the CA
was required to control the leak [5]. Other authors supported
this hypothesis [8, 9], while in others reports the leakage was
directly visualized from the medial wall of the vestibule and
packing off the IAC stopped the leak [3, 10—12].

Glasscock described a case of profuse gusher that con-
tinued to flow slowly through the tympanic cavity packing.
He thus performed a simple mastoidectomy and attempted
to locate the CA, which was not found and at the same time,
the IAC was packed with a piece of temporalis muscle. The
removal of the pack from the IAC determined the restart of
the leak, and this mechanism suggested the possible abnor-
mal communication with the IAC as its etiology [3].

Schuknecht et al. proposed that the cause of oozer may
be in a widely patent CA, but that gushers are due to fundus
defects of the IAC [2]. Similarly, Jackler and Hwang, meas-
uring the CA in 100 ears on high-resolution CTs, found that
radiographic enlargement of the CA must be exceedingly
rare or perhaps even a non-existent malformation, thus its
role would not be relevant for stapes gushers or transotic
CSF leaks. On the other hand, they suggested that a defect of
the fundus of the IAC is more likely to produce a perilymph
gusher [13].

Glasscock was the first to report the radiographic abnor-
malities in patients affected with this disorder, describing
an abnormal dilatation of the lateral extent of the IAC and
a dilated vestibule [3]; Cremers et al., in addition of these
findings, also noted in these patients dilatation of the Fal-
lopian canal, small cochleas, and reduced diameter of the
semicircular canals [14].

@ Springer

With the introduction in the clinical practice of high-res-
olution computed tomography (CT), several authors have
identified other signs suggestive of a possible intraoperative
gusher.

Despite the high number of patients without information
on radiologic characteristics in the present review, it was
shown that in the majority a radiological abnormality was
detected, both in the otosclerosis group and in the congenital
stapes fixation one. Moreover, it should be noticed that one
radiologic test reported as negative was a polytomography
performed in 1983, suggesting that any anatomical malfor-
mations could be overlooked due to low-quality images.

Supporting the idea that an abnormal IAC plays a role in
gusher, 16 patients from present review presented an anom-
aly of the IAC, its cochlear end and/or the cochlea itself.
However, the evidence of other anatomical anomalies of
other inner ear and skull base structures in gusher patients
as reported in Table 1, suggests their possible role in this
complication. These results highlight the importance of pre-
operative accurate imaging in candidates to stapes surgery.
Considering the incidence of otosclerosis and congenital
stapes fixation, as well as the rarity of gusher as a surgical
complication, it is not meant that radiology is always man-
datory before stapes surgery; however, if it is performed,
special attention must be paid to the stapes, the cochlea, the
vestibule and the IAC.

Regarding intraoperative findings, Causse and associates
described two clues that may tip the surgeon off the possibil-
ity of a gusher before the footplate is opened: an avascular
congenital middle ear and an abnormally anterior insertion
of the posterior crus to the footplate [6].

Interestingly, in the cohort of present review a wide range
of stapes anomalies, different from the experience of Causse,
was found. For example, in three patients the anterior lip of
the oval window was overhanging the anterior crus of the
stapes. This should raise awareness in the surgeon that such
intraoperative findings could be related to an increased risk
of gusher.

Twenty cases included in present review occurred in
patients affected by congenital stapes fixation.

According to Shambaugh and House, the criteria for diag-
nosis of this condition are a history of deafness from birth
and a not-progressive conductive type of HL. This syndrome
may show an associated sensorineural component of HL,
especially in the higher frequencies [15].

Nance et al. in 1971 were the first to describe the X-linked
inheritance of congenital mixed deafness, even though Olson
and Lehamn, in 1968, had already reported on two maternal
half brothers with early childhood mixed deafness who had
gusher [15, 16]. Females carriers were usually normal or had
a bilateral mixed or purely sensorineural loss [17].

Papadaki et al. presented the first report of two female
members with progressive mixed deafness with stapes
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gusher of a family with healthy male members. They have
hypothesized an autosomal recessive version of that entity
as a possible explanation [18].

Since this syndrome is significantly associated to gusher
during stapes surgery, it is advisable to do an accurate pre-
operative diagnosis and distinguish it from otosclerosis.

Regarding the management, there are no precise indica-
tions on the surgical procedure to be adopted in literature,
and only few authors have focused on the description of this
aspect.

Despite the paucity of information about features of
gusher and its specific control by some authors, it is inter-
esting to notice that in most cases the leak was controlled
and procedure accomplished, with the positioning of stapes
prosthesis in 53 patients (69%).

One of the reason why the prosthesis was not placed and
the procedure abandoned in 23 patients could be found in the
high flow of perilymphatic leak as well as the persistence of
the leakage after packing the oval window, as specified by
some authors [4, 16, 18, 19].

In particular, Quesada et al. suggested to discontinue the
surgery in case of heavy gusher and repair the oval window
with an autologous graft; they specify, on the other hand,
that oozing leaks can often be controlled by an insertion of
the prosthesis and sealing with connective tissue. Further-
more, patients who had not received prosthesis had a higher
incidence of severe vertigo and post-operative CSF leak; in
these patients a second-look surgery can help to stop the leak
placing prosthesis or adding a graft [4]. The same conclu-
sion is reported by Cassano et al., who specify that second-
look surgery depends on the amount of perilymphatic flow
and the behaviour of auditive function over time, because a
sensorineural hearing loss is a contraindication for surgical
revision [19].

Reviewing the full texts, it emerged that there was nor a
clear definition of gusher or of its severity from most of the
authors. This may influence the interpretation of the man-
agement results, since different flows of perilymphatic fluid
are considered together.

Despite it seems that gusher is easily manageable, 16
patients experienced a persistence of CSF leak after surgery.
Of these, however, only one had to undergo revision surgery:
this case was peculiar because it was a congenital form of
stapes fixation with the absence of the annular ligament and
the CT showed several abnormalities (irregularly dilated
lumen of the labyrinth, widened IAC, abnormal course of
its lateral end with a downwards turn towards the basal coil
of the cochlea; enlarged irregular cochlea).

One case only had recurrence of gusher: a double peri-
lymph leak was noticed (from oval window and round
window). This patient had a history of head trauma, but
no radiological assessment was made, thus preventing pre-
sent authors to find significant factors for gusher and for its

recurrence. In the remaining cases, there was insufficient
data to identify technical or radiological risk factors predic-
tive for persistent perilymphatic leak.

It is remarkable that most of the papers included lacked
of information about the hearing outcome of these patients.
It emerged that in most of them the post-operative hearing
function was worse (31%) than pre-operatively or unchanged
(28%); only 25% of patients experienced profound HL or
complete deafness after gusher.

Information is also lacking about post-operative vestibu-
lar symptoms. The seven patients who complained about
them just reported mild and transient vertigo, suggesting a
prompt post-operative vestibular rebalancing. It is interest-
ing that patients who complained of severe vertigo, had sig-
nificantly greater hearing loss, as reported by Quesada [4].

Conclusion

The unexpected occurrence of gusher during stapes surgery
represents a relevant issue for the otologic surgeon. Because
of its rarity, prospective studies on gusher are not achiev-
able. The management of gusher most commonly consists
in plugging the oval window and the tympanic cavity with
absorbable or autologous graft materials. In most of the
cases, stapes prosthesis could be positioned and the surgery
accomplished. However, in terms of hearing outcomes, as
well as post-operative vestibular symptoms, the results are
widely variable.
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