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Abstract

Gusher syndrome is a rather rare condition complicating surgical interventions on the stapes. It is characterized by profuse effusion of perilymphatic
fluid from the vestibule into the lumen of the tympanic cavity during fenestration or removal of the foot plate of the stapes and rapid filling of the
volume of the tympanic cavity and the external auditory canal with perilymph. This is due to increased pressure of perilymph fluid in the inner
ear cavity in some developmental anomalies. Preoperative diagnosis of gusher syndrome can be difficult when the CT scan does not show any
abnormalities in the anatomy of the inner ear canal and inner ear structures. The rarity of this phenomenon greatly complicates the procedure of its
study, as well as the development of optimal schemes of therapeutic and diagnostic tactics in a real clinical situation. A clinical case of a combination
of congenital isolated middle ear developmental anomaly and gusher syndrome is studied. A patient with suspected otosclerosis underwent
stapedoplasty at Saint-Petersburg Research Institute of Ear, Throat, Nose and Speech. During the operation, abundant perilymphorrhea "Gusher"
symptom was obtained, as well as thickening of the stapes legs and thin tendon of the stirrup muscle were revealed. The postoperative diagnosis
was changed from otosclerosis to congenital isolated anomaly of middle ear development (isolated ankylosis of the stapes), gusher syndrome. The
tactics of management of a patient with otosclerosis and isolated middle ear anomaly are similar. CT of temporal bones and virtual CT endoscopy
should become the standard of examination of patients before surgical treatment. The use of cartilage and supracartilage is a safe way to stop
perilymphorrhea in patients with gusher syndrome.
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Knunnyeckuii cnyvaii gusher-cuHgpomMa B XMpypruy BpoKAeHHOM
M301MPOBAHHOI AHOMA/IMU PA3BUTHA CPETHEro yxa
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AHHOTauuA

Gusher-cHApOM ABNAETCA AOCTAaTOUHO PEAKUM COCTOSIHMEM, OCSTOXKHSIOLUM XMPYpPruyeckmne BMeLaTebCTBa Ha cTpemeHU. 3aboneBaHune xapakTe-
pusyetca Nnpody3HbIM NcTedeHrem nepunmdaTMuecKkomn XULKoCTH U3 NpeaaBeprs B NpocseT 6apabaHHOWM NONOCTY Npu peHecTpaumm unm ygane-
HUW NOAHOMHOW MNACTUHKM CTPEMEeHM 1 GbICTPbIM 3anosiHeHneM obbema 6apabaHHON NOOCTY U HAPYXKHOTO CIYXOBOFO Npoxofa nepuanmdon, uto
CBA3aHO C NOBbILIEHNEM JaBieHUA NepunmdaTNUecKom XXULKOCTY B MONOCTY BHYTPEHHErO yXa NPU HEKOTOPbIX aHOManuax passutusa. Mpegonepa-
LIMOHHAA AMArHocTrKa gusher-cuHapoMa MoXeT ObITb 3aTPyAHEHa, KOrAa No AaHHbIM KoMnbloTepHol Tomorpadun (KT) He BbifBEHO KaKunx-nMbo oT-
KNOHEHWI B aHaTOMNU BHYTPEHHErO C/TyXOBOTO NMPOXOAa U CTPYKTYP BHYTPEHHETO yxa. PeaKocTb AaHHOIO ABNEHNA B 3HAUYNTENbHON CTENEHN 3aTpya-
HAET NpoLeaypy ero N3yyeHus, a Takxke paspaboTKy OnTUMaNbHbIX CXeM neyebHO-ANarHOCTUYECKON TaKTUKM B PeaibHOM KNMHNYECKON CUTyaLnn.
B cTaTbe onucbiBaeTCA KNMHNYECKMIA CITyYall COYeTaHUA BPOXKAEHHOMN N30NMPOBaHHOM aHOMannmn pas3snTuna cpegHero yxa (CY) n gusher-cuHapoma.
B ®rBY CMé6 HAW JTOP naumeHTKe C Nofo3peHNeM Ha OTOCKSIEPO3 BbIMOSIHEHA CTanefonnacTuka. B xone onepauny nonyyeHa obunbHasa nepunmm-
dopen - gusher-cHApPOM, a TakKe BbIABMIEHbI YTOJLLEHNE HOXKEK CTPEMEHM 1 TOHKOE CYyXOXMNIne CTPeMeHHOMN MbilLbl. ocneonepaunoHHbIi gu-
arHo3 M3MeHeH C OTOCKNepo3a Ha BPOXKAEHHYIO 130/IMPOBaHHY0 aHOManuio pa3entua CY (M30NMPOBaHHbIN aHKMN03 CTpemeHu), gusher-cuHapom.
TakTVKM BeAEHNA NaLmneHTa C OTOCKIEPO30M Y M30IMPOBaHHOW aHoManven pas3sutna CY cxoxu. Nposeferne KT BUCOUHbBIX KOCTEN U BUPTYasibHON
KT-3HAOCKONWN AOMKHO CTaTb CTaHAAPTOM 06cnefjoBaHMA BONbHbIX Nepes XPYPruyeckum nedeHvem. NMprimeHeHve xpsaLla n HaAXPALHWLbI ABNA-
eTca 6e3onacHbIM CNocoboM OCTaHOBKYM NepunMMQopen y NaumneHToB ¢ gusher-cuHapomom.
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Introduction

Gusher syndrome is a serious complication of middle ear
(ME) and inner ear (IE) surgery character-ized by sudden and
profuse leakage of perilymphatic fluid from the vestibule into
the tympanic cavi-ty (TC) immediately after fenestration or
removal of the footplate of the stapes (FPS), leading to rapid
filling of the TC and external auditory canal (EAC) with
perilymph. This complication is chal-lenging to treat and can
lead to the development of severe postoperative hearing loss,
subjective buzzing in ears, and vestibular disorders [1].

Gusher syndrome is a rare complication in otosclerosis
surgery, which occurs, according to the liter-ature, in 0.3% of
cases [2] and even less often (in no more than 0.05% [3] of
cases) in combination with congenital stapes ankylosis.

It is usually a result of abnormal communication between the
perilymphatic and subarachnoid spac-es [4]. The perilymphatic
system can be connected to the subarachnoid space in two main
ways: through the perilymphatic duct or perineural nerve sheets
in the internal auditory canal (IAC). A less significant third
way is the vestibular aqueduct, where the endolymphatic duct
is located [5]. In most cases, the abnormal connection occurs
through the perilymphatic duct or the wall of the IAC [6].

Gusher syndrome is usually an incidental finding, and
symptoms remain unnoticed for a long time and are detected
during stapedectomy in patients with otosclerosis and congenital
stapes fixation [5]. The inability to detect this condition due to
the absence of pathognomonic signs is a critical point [1]. Some
studies showed that increased perilymph pressure may mask
stapes fixation [7].]. Causse et al. (1983) described two features
that help otosurgeon to suggest the gusher syndrome before ves-
tibulotomy: the non-vascular mucous membrane of TC and the
abnormal anterior attachment of the posterior crus of the stapes
to the FPS [8]. However, they are certainly too non-specific for
an accu-rate diagnosis, especially at the preoperative stage [5].

Different authors propose several approaches in cases
of congenital fixed stapes with gusher syn-drome. Some
recommend performing a stapedotomy with the formation
of a small hole and the placement of a soft tissue graft before
installing the prosthesis instead of ear packing and the end of
the operation [9]. Others believe that after diagnosing gusher
syndrome, further surgical manipula-tions can be dangerous
for auditory function and, in the future, for regulating the
perilymphatic fluid flow. Thus, A. Wolferman (1964) [10] used
gel foam (GELFOAM) to relieve gusher syndrome, closed the
vestibular window, and packed TC and EAC. If the leakage of
the perilymph persisted, he recommended stapedectomy and
packing of the vestibular window with auto-fat, and in case
of fail-ure of the packing, the installation of lumbar drainage
to reduce the pressure of the cerebrospinal fluid and, thus, the
pressure in the perilymphatic space of the IE. It should be noted
that packing with a fat graft does not stop perilymphorrhea in
patients with gusher syndrome due to high peri-lymph pressure
and the inability to conduct a tight packing in the vestibular

window due to the risks of developing a sensorineural
component of hearing loss. When gusher syndrome was
diagnosed during cochlear implantation, H. Diab et al. (2016)
packed the cochlear window with an autologous muscle, which
stopped otoliquorrea and did not prevent the achievement of a
positive hearing out-come [11].

When conducting a diagnostic search in the presence of
normal otoscopic findings in combination with hearing loss, the
otolaryngologist should consider the possibility of otosclerosis,
isolated anom-alies of the auditory ossicles (AOs), as well as
congenital anomalies of the IE [12, 13].

Computed tomography (CT) of the temporal bones (TB) can
identify this potentially dangerous con-dition in a patient with
stapes ankylosis at the preoperative stage and, thus, help prevent
severe in-traoperative complications in some cases [5, 14-18].

Virtual CT endoscopy is a good tool for the diagnosis of
isolated congenital anomalies of the ME [19], which makes it
possible to diagnose with great accuracy the presence of bone
adhesions be-tween AOs and the TC structures, the breakdown
of inter-ossicular connections and deviations from the normal
configuration of the elements of the AO chain. In the diagnosis
of gusher syndrome, this method, like multispiral CT (MSCT),
can only indirectly indicate a possible increase in perilym-
phatic pressure when based on the morphological changes in
the IE structures, such as the fistula of the bone wall of the IAC,
the dilation of the perilymphatic duct and the cochlear window.

If functional MSCT showed a combined congenital anomaly
of IE and ME, and if a high risk of gusher syndrome after
stapedotomy is suspected, it is recommended to avoid surgical
treatment in order to prevent meningitis or complete hearing
loss, and patients are recommended hearing correc-tion with a
hearing aid [20].

In March 2023, patient L., 24 years old, presented at the St.
Petersburg Research Institute of ENT with hearing loss in both
ears, more on the left, and periodic mixed tinnitus. She had
these symptoms for 2 years. According to the patient, she had
no previous history of chronic or acute ear diseases; her family
history is unremarkable. From 2010 to 2016, she was followed
up by an epileptologist for an epilepsy episode; in 2016, she
was withdrawn from the follow-up. Somatically, she had an
arach-noid retrocerebellar cyst and a congenital anomaly of
the urinary system, left kidney duplication. Other findings
were unremarkable. The otoscopic pattern was normal. When
conducting acoustic impedance measurement, the type A
tympanogram on both sides was recorded; the stapedial reflex-
es on both sides were absent. Tonal audiometry corresponded to
a grade 2 mixed hearing loss on the left, with the Carhart notch
at 2000 Hz and grade 1 conductive hearing loss on the right (Fig.
1). When examined with a 128 Hz tuning fork, the lateralization
of sound in the Weber test spread to the left ear, the Rinne’s,
Federicci’s and Gellé tests were negative on both sides. CT (Fig.
2, 3) and virtual CT endoscopy of the ME (Fig. 4) showed no
changes in the ME and IE. The configuration of the semicircular
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Fig. 1. Tonal threshold audiometry. On the left, a grade 2 mixed
hearing loss, the presence of a Carhart notch at 2000 Hz; on the
right, a grade 1 conductive hearing loss. Date of the assessment:
10.03.2023.
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Fig. 2. MSCT scans of the left TB showed the normal structures
of the vestibule: a - normal dimensions and absence of bone wall
defects in the middle and apical turns of the cochlea; b - normal
dimensions and absence of wall defects in the perilymphatic duct
and the basal turn of the cochlea; ¢ — normal dimensions of the
vestibular aqueduct; d - normal dimensions and absence of bone
capsule defects in the vestibule.

canals, the vestibular aqueduct, and the perilymphatic duct
were unremarkable. TB CT showed no demineralization of the
labyrinth bone capsule, gross deformations of the AO chain, or
abnormalities in the structure of the ME and IE.

The examination and medical history of the patient (hearing
loss for 2 years) did not contradict the diagnosis of otosclerosis,
and the patient was planned for elective surgery (stapedoplasty)
on the hearing-impaired left ear.

The surgery was performed under endotracheal anesthesia
with an endaural approach. After making the Rosen incision,
the meatotympanic flap was separated, and the TC was opened.
The shelf of the EAC rear wall was not pronounced, and the AO

CONSILIUM MEDICUM. 2024;26(3):177-181.

Fig. 3. MSCT scans of the left TB showed the normal structures
of the IE and ME: g — normal dimensions and absence of the bone
capsule defects in the posterior semicircular canal; b - normal
dimensions and absence of bone capsule defects in the lateral semi-
circular canal; ¢ - normal dimensions and absence of bone capsule
defects in the superior semicircular canal; d - normal dimen-sions
and absence of defects in the IAC wall.

Fig. 4. Virtual CT endoscopy of the TC. The normal configuration
of the AO chain was visualized.

chain was well visible. Chorda tympany (a branch of the facial
nerve) was pushed medially and preserved. It was noteworthy
that the long crus of the in-cus was thinned, and the stapedius
muscle (SM) tendon was thin and fixed to the posterior crus
of the stapes. The stapes superstructures were immobile, and
the stapes crura were thickened (Fig. 5). The incudostapedial
joint was disarticulated, and the SM tendon and the posterior
crus of the stapes were transected. Stapes superstructures were
removed. The niche of the vestibular window was wide. The
FPS was gray and immobile, and the annular ligament contour
was not visible (Fig. 6). The FPS was perforated in the central
part using a micro-perforator with a diameter of 4 mm. After
the point per-foration of the FPS, abundant perilymphoria
was obtained (gusher syndrome) (Fig. 7). Due to the severity
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Fig. 5. Intraoperative
otomicroscopy: left TC. The
long crus of the incus and the
SM tendon were thinned. The
anterior and poste-rior crura
of stapes were thickened. The
superstructures of the stapes
are immobile.

Fig. 6. Intraoperative
otomicroscopy: left TC.

SM tendon transected, stapes
superstructures removed.

A gray fixed FPS was visual-
ized. The annular ligament
contour was not visible.

2

Fig. 7. Intraoperative
otomicroscopy: left TC.
After the perforation of the
FPS, abundant perilymphoria
was obtained (gusher syn-
drome).

Fig. 8. Intraoperative
otomicroscopy: left TC.
The stage of packing of the
vestibular window niche
with the perichondrium and
fragments of autologous
cartilage.

Fig. 9. Tonal threshold audiometry on day 13 after surgery.
No deterioration in comparison with the preoperative audiogram,
no Carhart notch at 2000 Hz.
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of perilymphorea, it was decided to end the operation with
packing of the vestibular window niche without ossiculoplasty.
Tragus cartilage with the perichondrium was harvested. The
vestibular window niche was packed with cartilage fragments,
perichondrium, and GELFOAM sponge (Fig. 8). Perilymphorea
stopped. The meatotympanic flap was laid back in place,
followed by EAC packing with silk thread and a cotton swab
with Syntomycin ointment. The tragus was sutured, and an
aseptic dressing was applied.

Based on the TB CT data, in particular, the absence of
demineralization of the labyrinth bone cap-sule, intraoperative
findings, such as thickening of the stapes crura and a thin
SM tendon, the post-operative diagnosis was changed from
otosclerosis to an isolated congenital anomaly of the ME (iso-
lated stapes ankylosis) and gusher syndrome. This condition
corresponds to 1.A.4 class of isolated congenital anomalies
of ME according to the Teunnisen and Cremers (1993)
classification in the Tos (1998) modification.

In the postoperative period, the patient received antineuritic
and antibacterial therapy and acetazo-lamide and remained
on bed rest with an elevated head position for two days. There
were no events of vestibulopathy or perilymphorrhea in
the postoperative period. The follow-up tonal threshold au-
diometry showed no hearing deterioration on day 13 after the
surgery (Fig. 9). Note the absence of a Carhart notch on the
audiogram after the surgery.
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Conclusion

Isolated congenital anomalies of the ME can simulate
otosclerosis. Therefore, an otosurgeon should be prepared for
unexpected intraoperative findings. TB CT and virtual CT
endoscopy should become the assessment standard for patients
before surgery. The management of a patient with otosclerosis
and an isolated ME anomaly is similar.

The above clinical case is interesting since it is a rare
combination of an isolated congenital anoma-ly of the ME
and gusher syndrome, which could not be diagnosed at the
preoperative assessment and required to finish surgery with
packing of the vestibular window without ossiculoplasty.

Packing with a fat graft does not stop perilymphorrhea in
patients with gusher syndrome due to high perilymph pressure
and the inability to conduct a tight packing in the vestibular
window due to the risks of developing a sensorineural
component of hearing loss. We believe that the use of cartilage
and perichondrium is a safe way to stop perilymphorrhea in
patients with gusher syndrome.

The presented case shows that in stapes surgery, it is necessary
to be aware of gusher syndrome even if TB MSCT shows no
abnormalities in the ME, IE, and IAC.
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NndopmupoBaHHoe cormacue Ha myomukamnuio. [Tanuent-
Ka nopmucana ¢GopMmy HOOPOBOIBLHOTO MH(POPMIPOBAHHOTO
coracysi Ha Iy0/IMKaInio MeIUIIMHCKON MHPOPMALININL.
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