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Management of cerebrospinal fluid gusher in pediatric cochlear implantation
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Abstract. Management of cerebrospinal fluid gusher in pediatric cochlear implantation. Objectives: This study’s aim is
to evaluate the management of Cerebrospinal Fluid (CSF) gusher after cochlear implantation in children postoperatively.
Methodology: 120 children (age ranges 13 to 72 months) who underwent cochlear implantation and eight of them had
CSF gusher intraoperatively. Successful cochlear implantations and intraoperative management performed by complete
packing of the electrode around in cochleostomy with muscle for Case I to III. CSF gusher was observed in these cases
postoperatively. Second and third look revision surgeries were performed. Also, fat tissue was used for the sealing of
leakage in Case IV to VIII.

Results: Severe CSF gusher occurred in 6 children with the common cavity, moderate in one child with Incomplete
Partition (IP) type 1 and mild in one child with normal cochlea. Sealing the cochleostomy with muscle performed in
the first 3 children intraoperatively and they also had CSF gusher postoperatively. Revision surgeries were performed
for 3 children. Sealing the cochleostomy with fat tissue was successful in Case I and II but not in Case III. Subtotal
petrosectomy and obliteration of cavity with fat tissue had been performed for Case III. CSF leakage has not been seen in
the other 5 children with fat tissue packing for the postoperative long term.

Conclusions: CSF gusher may occur in pediatric cochlear implantation with inner ear malformations postoperatively.
Packing around the electrode in cochleostomy with muscle may not be enough. Fat tissue packing is more effective than

muscle for the postoperative long term.

Introduction:

Cochlear implantation which has been successfully
applied in the whole world can recover the hearing
ability of a child with normal and anomalous inner
ear. Cerebrospinal fluid (CSF) gusher is the most
important complication of cochlear implantation in
children with inner ear anomalies intraoperatively.
The incidence of CSF gusher varies between 1 and
5% in the literature.'**** Many techniques including
sealing muscle or connective tissue around the
electrode, sealing muscle with fibrin glue and using
a muscle layer with fibrin glue or blood clots to
seal the cochleostomy.® Generally, CSF leakage
stops when the electrode has been inserted into the
cochlea in few minutes. Muscle layer sealing for
packing the surrounding electrode is a traditional
management method.* There is always a risk from
the origin of the leakage, failure to perform an
effective seal around the cochlear implant electrode
would create a risk for the future. CSF leakage and

CSF gusher may probably start in the postoperative
long term. There is no literature to review how
to manage the children with late CSF gusher
postoperatively. We postoperatively reviewed our
experiences in children who had CSF leakage after
cochlear implantation. The results of packing
around the electrode in cochleostomy with muscle
and fat tissue were studied in this manuscript.

Materials and methods:

A retrospective analysis of 120 children who
underwent Cochlear implantation was performed
from August 2012 to December 2016. A total of
120 children (52 boys, 68 girls) with profound
sensorineural hearing loss were implanted with
the multi-channel electrode. The ages of children
vary between 12 to 72 months and the mean age
was 39 months. Eight of 120 children had moderate
to severe CSF gusher and 7 of them had inner ear
anomalies. One of these 8 children had no inner ear
problems.

Operation reports, radiological evaluation, and
audiological results were reviewed retrospectively.
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Table 1
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Classificaitons of cochlear malformations (L. Sennaroglu, I. Saatci, A new classification of cocheovestibular malformations.
Laryngoscope. 112 (12) (2002) 2230-2241

Michel Deformity Labyrinthine aplasia

Cochlear Aplasia

Normal or deformed vestibule and semsircular system

Cochlear Hypoplasia

Normal or deformed vestibule and semsircular system

Common Cavity Deformity
semisrcular system

Cochlea and vestibule build a common space without internal architecture, normal or deformed

Incomplete Partition type I (IP I):

A cystic dilated vestibule accompanied the cystic , empty cochlea, The cribriform area between
the cochlea and IAC is defective, No enlarged VA (vestibular aqueduct)

Incomplete Partition Type II (IP II)

Mondini Deformity (Cochlea: 1.5 turn; only the middle and apical turns form a cystic cavity,
enlarged VA (vestibular aqueduct)

Features of children who hadng{f;usher in cochlear implantation
No Age at Gender | Temporal bone Intraoperative Electrode type Sealing cochleostomy | Revision
surgery anomaly compilications, in primary surgery Surgery
/months amount of gusher
I 33 Boy Common cavity | Gusher, severe Nucleus® CI422 | Muscle+Fibrin glue 1 times
II 34 Boy Common cavity | Gusher, severe Medel® Flex20 Muscle+Fibrin glue 2 times
I 24 Girl Common cavity | Gusher, severe Nucleus® CI422 | Muscle+Fibrin glue 3 times
v 28 Girl Common cavity | Gusher, severe Medel® Flex20 Fat tissue+Fibrin glue | No
v 14 Girl Common cavity | Gusher, severe Medel® Form24 | Fat tissue+Fibrin glue | No
VI 36 Boy Common cavity | Gusher, severe Medel® Flex20 Fat tissue+Fibrin glue | No
VII |48 Boy Normal cochlea | Gusher, mild Nucleus® CI422 | Fat tissue+Fibrin glue | No
Vil | 39 Boy IP-Type 2 Gusher, moderate | Medel® Flex20 Fat tissue+Fibrin glue | No
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IP: Incomplet partition

The operation reports containing the define CSF
gusher at cochleostomy were examined in 8
children. Informed consent was obtained. The
classification of inner ear malformations made
according to the study of Sennaroglu et. al.® (Table
1). Table 2 shows the features of children who had
CSF gusher in cochlear implantation.
Mastoidectomy and posterior tympanotomy
were performed in all children. Round window
was searched through the posterior tympanotomy.
We found round window in Case VII and VIIL.
Although the endoscopic examinations, we could
not explore the round window through the posterior
tympanotomy in the other children. We observed
stapes crus, oval window, and facial nerve. We
performed promontory cochleostomy anterior
superiorly to the possible round window area in these
children. We used 0.6 and 0.8 mm diamond burr for
drilling cochleostomy. We preferred slim straight
electrodes and specifically designed electrodes
for anomalous children in cochlear implantation
(Nucleus® CI422, Cochlear Company, Australia)

(Medel® Flex20 and Medel® Form24, Medel
Electronics Innsbruck Austria). The choice of
cochlear implant electrode was changed according
to the cavity size, type of anomaly, government
insurance and parents demand (Table 1).

The CSF Leakage is generally defined as a
fluid flow in large quantities and pressure when a
cochleostomy is made into the cochlea. The amount
and pressure of CSF gusher vary moderately
to severe leakage intraoperatively (Table 2).
Intraoperative management for CSF gusher
included hyperventilation, reverse Trendelenburg
positioning, and cochleostomy sealing with tissues,
lumbar drainage or lumbar puncture. Neuro-
surgeons do not recommend lumbar drain kit
for children because there are no useful kits for
pediatric patients.” We performed multiple lumbar
punctures for five children when it was necessary
for severe CSF leak postoperatively.

We generally used a free tissue of muscle to
seal a CSF gusher around the cochlear implant
electrode in the first 3 children who had severe
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CSF leak intraoperatively (Table 2). Fibrin Sealant,
Deep-Frozen, Vapour Heated (VH) (Tisseel, 4ml)
had been used for 7 children that had severe high
pressure in CSF leak intraoperatively for primary
surgeries. Three of these children had CSF leak in
postoperative long-term (after 1 week in Case I,
after 1 month in Case II and after 1 and 6 months
in Case III) and revision surgeries were performed
for these children. We prepared fat tissues for the
postauricular area from the primary incision. Fat
tissue sealing in cochleostomy around the electrode
array in Case [-II-III was performed also instead of
muscle. The devices were not moved and worked
properly in second-time surgeries. Second-time
surgery was successful for Case I and II, but not for
Case III. Case III had CSF gusher after one month
also. The tertiary operation had been planned with
new electrode for Case III. Subtotal petrosectomy,
cul de sac operation and obliteration of cavity
with abdominal fat tissue performed with a new
electrode. Our learning curve was improved for
the late CSF gusher in children with anomalous
cochlea. We improved our experience and used a
fat tissue instead of muscle for our other new cases
(Case V to VIII) also.

Results

Excessive cochleostomy gusher was observed in
eight of the 120 children peroperatively (6.66%).
Children with common cavities had an excessive
amount of gusher in high pressure (severe gusher),
IP-Type 1 cochlea had moderate and normal cochlea
had mild gusher (Table 2). A layer of muscle and
fibrin sealant was used to seal CSF leakage around
the cochlear implant electrode in the first 3 children
(Case I to III) that had high pressure CSF gusher
in the primary surgeries. The case I to III patients
had CSF gusher in postoperative long-term (After
1 week in Case I, after 1 month in Case II and
and after 1 and 6 months in Case III) and revision
surgeries were performed with fat tissue sealing.
The tertiary operation was performed for Case III
that had CSF gusher after 6 months postoperatively.
Case I: A 33 months old boy whom with common
cavity was implanted with Cochlear™ Nucleus®
CI422 slim straight electrode. Axial Computed
Tomography (CT) for Case I shows an anomaly
of the inner ear in Fig. 1. Although of the
endoscopic examinations, we could not explore
the round window as we performed promontory
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Fig. 1
Axial Computed Tomography (CT) for Case 1 shows a cystic
cavity representing the cochlea and vestibule without showing
any differentiation into cochlea and vestibule in axial section
in the left ear.

cochleostomy anterior superiorly to the possible
round window area and excessive CSF gusher
in high pressure was observed. Full electrode
insertion, hyperventilation and cochleostomy
packing with muscle were performed. There was no
leakage from the cochleostomy and the surgery was
finished. At the 7 postoperative day, an otorrhea
was started. Lumber puncture was done to decrease
the pressure of CSF leakage. But the CSF leakage
was not stopped and secondary revision operation
was performed. The internal part of the cochlear
implant was not moved and the source of gusher
was sealed with fat tissue and fibrin sealant was
applied. The device is working properly and Case |
has no otorrhea for 20 months.

Case Il

A 34 month old boy with common cavity was
implanted with Medel® Flex20™ electrode.
Axial CT scan for Case II shows cystic cavities
representing cochlea, vestibule and semicircular
canal with abnormal configurations for both ears in
Fig. 2. Although the endoscopic examinations could
not explore the round window as we performed
promontory cochleostomy anterior superiorly to
the possible round window area and excessive
CSF gusher in high pressure was observed. Full
electrode insertion, hyperventilation and sealing
the cochleostomy with muscle and fibrin glue
were performed. There was no gusher from the
cochleostomy and operation was finished. At the
10" postoperative day, an otorrhea was started.
Lumbar puncture was done to decrease the pressure
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Fig. 2
Axial Computed Tomography (CT) for Case 2 shows cystic
cavities representing cochlea, vestibule and semicircular canal
with abnormal configurations for both ears.

of CSF gusher. But the CSF leakage was not stopped
and revision secondary operation performed. The
internal part of the cochlear implant was not moved
and the source of gusher was sealed with fat tissue
and fibrin sealant was applied. Lumber punction
was done to decrease the pressure of CSF gusher.
The device is working properly and Case II has no
otorrhea for 15 months.

Case IIl

A 24 months old girl with Michel deformity in
left ear and common cavity and IP Type 1 in right
ear had undergone cochlear implantation for right
ear (Table 1). Fig. 3 shows the Michel deformity
in the left ear and a common cavity in the right
ear. Although the endoscopic examinations could
not explore the round window as we performed
promontory cochleostomy anterior superiorly to

Fig. 3
Axial Computed Tomography (CT) for Case 3 shows a cystic
cavity representing the cochlea and vestibule without showing
a borderline in right ear and complete absence of the cochlea
and vestibule in the left ear. The cribriform area between the
cochlea and IAC is defective in the right ear.
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the possible round window area and excessive
CSF gusher in very high pressure was observed.
Also, there was leakage from the oval window.
Cochlear™ Nucleus® CI422 with slim straight
electrode was inserted and sealing with the
muscle to the cochleostomy and oval window was
performed.. Fibrin sealant was also applied to the
cavity wall. We observed no CSF leakage and
finished the surgery. Lumbar puncture was done
to decrease the pressure of CSF leakage. After
1 week the patient went her home but at the 30th
postoperative day, she came for otorrhea also.
The secondary operation was performed with fat
tissue sealing and fibrin sealant application. Also,
lumbar puncture was performed for three times
during one week. We observed no otorrhea and
she went home. After 6 months she also came for
otorrhea. The devices were not moved and worked
properly. The tertiary operation was planned with
a new electrode. Subtotal petrosectomy, cul de sac
operation and obliteration of cavity with abdominal
fat tissue was performed with a new electrode.
The device is working properly and Case III has no
otorrhea for 10 months.

Sealing the cochleostomy with muscle was
not effective for Case I to III. We had performed
cochlear implantation for Case IV to VIII after our
postoperative CSF gusher experience. We improved
our learning curve for the managing CSF Gusher
postoperatively in children. We used fat tissue
sealing for the CSF gusher in the primary surgeries
of Case IV to VIII. They have no leakage for 20
months to 38 months. Otolaryngologist Professor
Levent Sennaroglu also designed FORM electrode
arrays with a stopper to overcome the CSF gusher.®
Medel Form 24 electrodes were inserted for the
Case V (Table 2). These children (Case IV to V)
have no CSF gusher for the postoperative long time
(10 to 14 months).

Discussion

CSF Gusher is more common in children with inner
ear anomalies than the normal ear. Papsin noted that
CSF gusher from cochleostomy was in 6.7% and
common cavity deformity from inner ear anomalies
was most commonly associated with a CSF gusher.’
The CSF leakage was ended by sealing muscle and
fascia and lumbar drainage. Hoffman reviewed 21
CSF gusher in 50 Cochlear implantation performed
on pediatric cases with inner ear deformities. Sixteen
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of these patients with sealing the cochleostomy
alone, four required lumbar drainage, and one
required revision surgery.'® Wooten et al. reported the
incidence of CSF leakage as low, which occurred in
approximately 1% of patients performing cochlear
implant surgery, and was seen in equal incidence
in children and adults in their series.! Management
of CSF gusher was performed with fascia and
periosteum. Persistent leaks required complete
sealing of the cochlea or common cavity. Middle
ear obliterating was performed with fibrin glue for
excessive CSF gusher. No patient required lumbar
drainage. The patients in these literature are adult
and children. We noticed that cochleostomy gusher
was in 5% and a common cavity malformation was
most commonly related to gusher-like literature
results.'?*4

The prediction of CSF gusher was from the
internal acoustic canal (IAK) for Case III. Because
we observed too much CSF leakage from oval
window and cochleostomy area in the Case IIIL.
When we checked the CT scan of Case III, the
cribriform area between the cochlea and IAC was
defective (Figure 3). The prediction of CSF gusher
was from cochleostomy area in the other children.
The sources of CSF leak were coming only from
the cochleostomy area in these children.

The pressure of CSF was very high in children
underwent lumbar puncture (Case I to VI). They
have common cavities in their inner ears. Case 111
has severe anomaly with comparison to other cases
(Figure 1,2,3). Case III had more CSF leak and
complications than other cases. The CSF leak is
due to the severity of cochlear anomaly.

Intraoperative management for CSF gusher was
generally reported in the literature. Previously,
conservative management was suggested in-
cluding electrode insertion, hyperventilation and
reverse Trendelenburg positioning." After then
Cochleostomy sealing around the electrode with
free tissue like muscle, fascia, and periostea were
performed. Fibrin sealant is sometimes required
for the hole and tissues adherent.”*” Lumbar
drainage is sometimes required for adults but
lumbar puncture is preferred for children when it is
necessary by neurosurgeons. There are no suitable
kits for lumbar drainage in children. It is difficult to
manage CSF gusher without the use of a drainage
set in children."

We did conservative procedures for the first step
management of CSF gusher. We used muscle tissue
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for sealing the around electrode in cochleostomy
for our 3 children and fibrin sealant also used for
7 children (Table 1) that had high pressure in CSF
gusher in primary surgery. Although with these
procedures, we reported persistent CSF Gusher
postoperatively in the first three cases. When we
performed the secondary operations for these cases,
we found no sign of fibrin sealant and it was not
effective for tight sealing. The muscle tissue was
not also effective for sealing the cochleostomy in
Case I, IT and III.

Different tissues have different support force and
resorption time in our body. Authors generally use
muscle, fascia, and periostea to seal the leakage of
CSF from cochleostomy in the literature. We also
preferred to use muscle for sealing as it was easy
to reach. We saw there was no muscle around the
electrode for the secondary operations of three
cases. Our learning curve skills were improved
and we thought to make fat tissue sealing with a
strong and late absorbable natural tissue. Boyces
et al. reported the comparison of autogenous fat,
fascia and nonvascularized muscle grafts in the
head and neck.” They suggested fat tissue for as
an excellent choice for the obliteration of frontal
sinuses, for myringoplasty, and for limited soft-
tissue augmentation. Also, plastic surgeons use
Autologous Fat Transfer for Aesthetic Contouring
of Face for many years.' Fat tissue is a very
powerful tool for obliterating the cavities and
resorption time is too long according to the other
natural tissues such as muscle and fascia.'*'
Therefore, we preferred to use fat tissue sealing
for the CSF Gusher for the secondary operation of
Case I to Il and XII to XIV. We performed a tertiary
operation for persistent Gusher in Case I1I. We also
used fat tissue for sealing the cochleostomy, oval
window, and middle ear-mastoid cavity for Case
III. These children are hearing well and there is no
CSF leakage. After our experienced about revision
surgeries, we also preferred fat tissue sealing for
cochleostomy in the other children (Table 1).

One important issue is choosing an electrode
for cochlear implantation in the malformed ear.
Malformed cochlea may not have enough space
to insert the electrode and atraumatic cochlear
implantation with residual hearing preservation
is important. Big fenestration of the cochlea also
cause much CSF leakage and more effective sealing
materials would be useful. Nucleus Slim Straight
(C1422) electrodes from COCHLEAR Company
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are slim, straight and compressed electrodes
generally preferred for cochlear implantation in
malformed ear in the literature.”* The FORM
series of electrodes from ME-DEL Company
are specifically designed for cases with cochlear
malformations in cochlear implantation. FORM
electrodes have a conical thickening located at the
basal end of the electrode array designed to control
the CSF gusher.® We used both electrodes for the
children with common cavities in their inner ear
(Table 2).

Conclusion

Although CSF gusher management in cochlear
implantations is clear in the literature, there is
no study to review the persistent CSF Gusher
in children postoperatively. Electrode insertion,
hyperventilation and reverse Trendelenburg posi-
tioning and Cochleostomy sealing around the
electrode with muscle may be effective in mild
cochlear malformation. CSF gusher may occur in
cochlear implantation with inner ear deformities
including a common cavity and IP-type 2
postoperatively. Packing around the electrode in
cochleostomy with muscle may not be enough.
Fat tissue packing around the electrode is more
effective than muscle for excessive CSF gusher in
children with inner ear anomalies.
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