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Objectives: Multiple studies have described the onset and variable incidence of
postoperative acute vertigo following cochlear implant (Cl) surgery. However,
postoperative imaging has not yet been specifically evaluated with special
focus on vertigo. The aim of this study is to assess the incidence and causes of
new-onset, acute postoperative vertigo following Cl surgery using cone beam
computed tomography (CBCT).

Materials and methods: This is a retrospective study involving ten patients
who experienced postoperative dizziness and ten matched controls without
dizziness. All patients received a cochlear implant (Cl) between 2020 and 2024.
The matching analysis was performed based on the implant, electrode array,
and access to the cochlear. We analyzed the postoperative CBCT scans for
changes suspicious of air trapping, a so-called pneumolabyrinth in the vestibule
using minimal Hounsfield Units (HU).

Results: We compared postoperative CBCT images for electrode array position
monitoring in ten patients with vertigo versus ten patients without vertigo after
Cl surgery. Among the ten patients with postoperative dizziness, six showed
suspicious changes in the vestibule consistent with the presence of air. These air-
related changes were observed in the vestibule and, in one patient, additionally
in the horizontal semicircular canal. Minimal HU were significantly different and
confirmed the suspicion of intravestibular air.

Conclusion: This is the first study to describe the suspicion of intravestibular
air in Cl patients with postoperative vertigo. Therefore, suctioning after
the fenestration of the round window membrane or the endosteum after
cochleostomy, as well as actions such as bending, pressing, and nose-blowing
by the patient, should be strictly avoided. Furthermore, this finding highlights
the importance of carefully sealing the electrode array at the cochleostomy site
with connective tissue. Risk factors for the development of a pneumolabyrinth
with air in the vestibule include intralabyrinthine or intracranial pressure changes,
large cochleostomies or a second cochleostomy and electrode placement in
the scala tympani.
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Introduction

The occurrence of acute postoperative vertigo is recognized
following Cochlear Implantation (CI) and has been reported with
variable incidence. Studies have reported postoperative dizziness rates
as up to 60% (1-5). Some studies have suggested that membrane
damage of the sacculus is associated with a loss of function in cervical
vestibular evoked myogenic potentials (c(VEMPs) and with acute
postoperative vertigo (1, 6, 7). In their meta-analysis, Hansel et al. (8),
reported new-onset postoperative vertigo in 202 out of 1743 patients
(17.4%) following CI surger. Martin et al. (9), 16.9% postoperative
vertigo in 71 included CI patients, along with associated risk factors
such as straight lateral wall electrode arrays and surgical trauma. They
evaluated cochlear coverage and scalar position via cone beam
computed tomography (CBCT) and found no significant difference in
postoperative vertigo for either cochlear coverage or scalar position.

Previous studies have described a lower occurrence of acute
postoperative vertigo in patients with round window-inserted Cls, but
these findings were based on small study cohorts (8, 10, 11). Karimi
et al. (12), reported acute postoperative vertigo in patients with
possible perilymphatic leakage and observed the disappearance of
postoperative dizziness following the resealing of the inserted
electrode array. Nevertheless, postoperative imaging of the vestibule
has not yet been evaluated in terms of acute postoperative vertigo.

The aim of this study is to assess on air suspicious changes in the
vestibule by CBCT in acute postoperative vertigo following CI surgery.
The occurrence of air in the labyrinth, the so called pneumolabyrinth, is
described amongst others following trauma with temporal bone fracture
(13), barotrauma (14, 15), Eustachian tube air inflation (16), and stapes
surgery (17). According to a review by Botti et al. (18), the most common
site of air entrapment is the vestibule, followed by the cochlea and the
most common causes were head trauma with temporal bone fracture
followed by stapes surgery. Clinical symptoms of a pneumolabyrinth are
hearing loss and vestibular symptoms (18). The pneumolabyrinth
directly after CI surgery or in the course can be another cause, so far this
cause has mainly been described in case reports (19-25). The
pneumolabyrinth can be diagnosed by CT or CBCT scans. In this case,
air appears hypodense on imaging. The radiodensity is described in
Hounsfield units (HU). Water has an attenuation of 0 HU, whereas air
has typically an HU number of —1,000 (26).

Methods

We conducted a retrospective study on CI patients enrolled
between 2020 and 2024. Ten patients who reported dizziness during
hospitalization after CI surgery were included in the study and one
matched control without dizziness for each vertigo patient, so that a
total 20 patients were included. The matching was performed with
regard to the implant, electrode array, cochlear access and age. Twelve
patients underwent imaging through cone beam computed
tomography (CBCT) and eight patients high resolution computed
tomography (HRCT) before surgery.

Postoperatively, we performed CBCT (NewTom 5G, Cefla s.c.,
Imola, Italy) one to three days after surgery in all patients. All pre- and
postoperative CBCT scans were evaluated by two experienced CI
surgeons and a neuroradiologist using the DeepUnity Diagnost 1.2.0.3
program (DH Healthcare GmbH, Germany). The minimal Hounsfield
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units (HU) in the vestibule in the area of the suspected air were noted.
The sectional plane was chosen so that the part of the labyrinth where
the cochlea, the lateral semicircular canal and the vestibule are sliced is
shown. A region of interest (ROI) with a diameter of 4-5 mm was then
placed in the vestibule and the minimal HU was noted (Figure 1).
We performed a video head impulse test (VHIT) preoperatively.
Postoperatively, we conducted vHIT 4 to 6 weeks following CI surgery
in the matching cohort and in patients with vertigo.

Statistical analysis was done with Prism 7 software (GraphPad
Software, Inc., La Jolla, CA, USA). We used the nonparametric
Kruskal-Wallis test for statistical analysis. The significance level was
set to p < 0.05. Significances were differentiated into (***) for p < 0.001,
(**) for p < 0.01, and (*) for p < 0.05.We received ethical approval from
the Hospital’s Ethics Committee following the Declaration of Helsinki
guidelines (Washington, 2002) (Ethics Committee approval number:
129/19; amendment 240,022) and registered this study in the German
Clinical Trials Register (www.drks.de / DRKS00034647).

Results

All patients received a unilateral cochlear implant and met the
indication criteria. The average age of the patients was 61.3 years (19
to 76 years) in the vertigo group and 54.9 years (21 to 72 years) in the
control group (Tab. 1). Patients were free to choose the CI
manufacturer. Middle ear access was achieved after mastoidectomy
via a posterior tympanotomy. One patient had a radical cavity
(patient B) and in two patients an intracochlear schwannoma was
removed during CI surgery by a second cochleostomy in the second
turn of the cochlea (patients E and F). Electrode insertion was
performed via the round window in 14 patients and via cochleostomy
in six patients (Table 1). In all patients, following the electrode
insertion, the round window or cochleostomy was sealed with
connective tissue.

4.4 mm

FIGURE 1

CBCT scan of the labyrinth postoperatively after Cl surgery with
region of interest (ROI; yellow circle) in the area of the vestibule. The
diameter (d) of the ROl is 44 mm, the minimal Hounsfield unit (HU)
is at - 506 HU.
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TABLE 1 Characteristics of the six patients with changes in the vestibule suspicious for air (A-F), four patients with vertigo without air in the vestibule
and 10 controls.

Patient Vertigo Controls
without air  without
(n=4) vertigo
(n =10)
Age in years 63 68 72 66 41 66 59.6 (19-76) 54.9 (21-72)
Side of Left Rigth Left Left Left Left 3 left, 1 right 6 left, 4 right
implantation
Implant Cochlear 622 ABMS AB Slim J Cochlear 612 MedEl Flex 26 | MedEl Flex 28 2 Cochlear 622 Matched to
1 MedEl Flex 26 | vertigo group
and 28
Approach RW RW RW CS Ext. RW + 2™ CS+2MCS RW or CS Matched to
CS apical apical vertigo group
Scalar position ST SD 180° ST N ST ST 38T 8ST
1 SD apical 1SD 178.5°
1SV
Nystagmus Yes, no Yes No No Yes at day 3, In 2 patients No
grade 2 rigth grade 1 left grade 1 rigth
Minimal HU —506 —125 —244 —419 —269 —448 1155 +58.9 126.6 +93.7
Location of air Vestibule, HSC, | Vestibule Vestibule Vestibule, basal Vestibule, Vestiblule, No air No air
basal Cochlea and apical cochlea | apical cochlea apical cochlea
Specifics EVA Radical - Incomplete Excision of ICS | Excision of ICS | - -
cavity partition II

HU, hounsfield Unit; RW, round window; CS, cochleostomy; ST, scala tympani; SD, scalar dislocation from tympani to vestibuli; SV, scala vestibuli; HSC, horizontal semicircular canal; EVA,

enlarged vestibular aqueduct; ICS, intracochlear schwannoma.

We compared postoperative CBCT images for electrode position
monitoring of ten patients who suffered from vertigo after CI surgery
with ten patients who had no vertigo after CI surgery. In the CBCT
scans, attention was focused on suspicious changes in the vestibule, the
semicircular canals, and the cochlea. Of the ten patients who had
dizziness post-operatively, six patients had suspicious changes in the
vestibule on air (see Figure 2 and Table 1). The changes suspicious for
air were observed in the vestibule and, in one patient (A), additionally
in the horizontal semicircular canal and the cochlea (Figures 2A,A”).
The clearest indication of air was observed in patient A of all six
patients who showed suspicious changes in the vestibule. Post-
operatively, the patient did not experience any dizziness. However, after
bending down, sudden dizziness with nystagmus occurred.
Additionally, the patient had an enlarged vestibular aqueduct (EVA),
but during the cochlear implant surgery, there was no gusher (Table 1).
In a revision surgery, which was performed after 2 days, there was no
leakage of fluid in the area of the round window. Nevertheless, the area
was sealed again and the dizziness improved over time.

In three patients additional air was seen in the cochlea (patients
D, E, F; Figure 2), in two of these patients (E and F) a second
cochleostomy was performed in the apical turn of the cochlea and an
intracochlear schwannoma was removed. The second cochleostomy
was also sealed by connective tissue.

Air was also found intracochlearly in patient D. In this patient, a
cochlear abnormality of an incomplete partition II was found and
therefore a bigger cochleostomy was performed.

The scalar electrode position was mostly the scala tympani (ST).
In the vertigo group with air in four patients the electrode was placed
in the ST (patients A, C, E, and F; Table 1), in one patient there was a
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scalar dislocation (SD) from the ST to the SV (scala vestibuli) at 180°
(patient B). In one Patient (D) the electrode was in the SV. In the
vertigo group without air in three patients the electrode was located
in the ST and in one patient an apical SD was found (Table 1). In the
control group, the electrodes were in the ST in eight cases, in the SV
in one case and in one case there was a dislocation from ST to SV at
178.5° (Table 1).

In three patients in the group with suspicious changes of air
postoperatively a preoperative CBCT did not show any suspicious
changes in the vestibule and the minimal HU ranged from —12 to 94.
In the other three patients in that group HRCT was performed
preoperatively so that it was not possible compare the pre- and
postoperative scans using the HUs, but no air was visualized.

The matched study patients did not demonstrate suspicious
differences in VHIT or VNG preoperatively versus postoperatively.
Patients with vertigo and pneumolabyrinth did not demonstrate
highly suspicious VHIT postoperatively, except patient A, where air
was also found in the ipsilateral horizontal semicircular canal and in
the vestibule (Table 2).

Minimal HUs ranged from —125 to —506 (mean — 335.2 + 132.8)
in the vertigo-group with changes in the vestibule and from 51 to 182
(mean 115.5 +58.9) in the vertigo-group without changes in the
vestibule (Table 1 and Figure 3). In the control group (patients with
no vertigo post-operatively) minimal HU ranged from 11 to 305
(mean 126.6 + 93.7; Table 1 and Figure 3). There was a significant
difference in the minimal HU between the patients with CBCT scans
suspicious for air in the vestibule and those with dizziness but not
such changes in the vestibule (p = 0.029; Figure 3). In addition, a
significant difference between the patients with suspicious changes
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FIGURE 2
Postoperative CBCT images for electrode position control in cochlea view of the six patients (A—F) with vertigo and on air suspected changes in the
vestibulum after ClI surgery. Arrow shows localization of air in the vestibule in the axial view (A—F) and coronal view (A -F ). In patient (A) there is
additional air in the lateral semicircular canal and in patients (D,F) additional air is found in the apical turn of the cochlea (second arrows).
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TABLE 2 video assisted head impuls test (vVHIT) preoperatively and
postoperatively of patients A to F [p = posterior, | = lateral (=horizontal),
a = anterior semicircular canall.

Patient VHIT (preop.) VHIT (postop.)
Saccades Gain Saccades Gain
A No p:0.83 Yes p: 0.49
1: 0.80 1:0.29
a:0.83 a:0.74
B No p: 0.79 Not tested Not tested
1:0.73
a:0.73
C No p:0.71 No p: 1.01
1: 0.82 1: 0.96
a: 0.87 a:0.84
D No p:1.35 No p: 0.89
1: 0.99 1: 1.46
a:1.12 a: 1.07
E No p: 0.67 No p: 0.66
1:0.82 1: 0.82
a: 0.79 a:0.80
F No p: 0.86 No p:1.21
1: 0.54 1:0.76
a: 0.75 a:0.80
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FIGURE 3

Comparison of the minimal Hounsfield units between the groups
vertigo with air, vertigo without air and control. Significant
differences were found between the vertigo with air and vertigo
without air group and the control group. There was no difference
between the vertigo without air group and the control group.

and controls was observed (p = 0.003; Figure 3). However, such a
difference was not found in patients suffering from dizziness but
without changes in the vestibule and controls (p > 0.999; Figure 3).

Discussion

Following numerous studies that examined the incidence of acute
postoperative dizziness following cochlear implant (CI) surgery and
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described a wide range of its occurrence (1-5), this study focused on
identifying abnormalities in postoperative dizziness in patients
through CBCT. A total of ten patients with acute postoperative
dizziness were investigated and matched with ten CI patients each
who did not exhibit dizziness. To our knowledge, there is only one
study to date that focused on pneumolabyrinth after CI surgery. Here,
however, air was mainly found in the cochlea of every implanted ear
and only in one of 53 patients in the vestibule. The volume of the
pneumolabyrinth in the cochlea was significant larger in patients with
postoperative dizziness (27).

Although several studies (10, 11) have described cochleostomy as
a risk factor for acute postoperative dizziness, our cohort of ten
patients with dizziness included four patients who underwent
cochleostomy and six patients who had round window insertions.
Since most of our CI patients are implanted via the round window and
therefore the number of these patients is significantly larger, the ratio
of 6:4 could suggest the assumption that a cochleostomy is associated
with an increased risk of postoperative vertigo (Table 1).

In six of the ten patients with dizziness who were suitable for
analysis, we identified suspicious changes in the vestibule, which
appeared to be indicative of air on HU, despite all patients being
sealed with connective tissue post-insertion. The fact that the
minimal HUs are not around —1,000 but on average around —335
HUs can be explained by the small volume of the vestibule and the
resulting possible artifact overlays. Thus, the pathway by which the
air entered the vestibule remains to be discussed. The long route via
the cochlea from the ST to the SV and then to the vestibule appears
unlikely. Other possibilities include passage through the scala
media and then the ductus reuniens, potentially due to injuries to
the basilar membrane during implantation or through existing
fissures or diffusion, followed by pressure increases, such as when
blowing the nose or bending over, as described in patient A. The
pathophysiology of a pneumolabyrinth discussed in literature are
external forces on the oval or round window, fistula ante fenestram,
Hyrtl’s fissure, and micofissures that allow air entering into the
perilymphatic space (18). In general, pressure changes or large
accesses into the cochlea appear to be associated with an increased
risk of a pneumolabyrinth. In the existing case reports on a
pneumolabyrinth, the patients had a ventriculoperitoneal (VP)
shunt which partially did not function (19, 22, 23), an enlarged
vestibular aqueduct syndrome (EVA) (24, 25) or a large
cochleostomy due to the electrode size (20). In one case, an
electrode position in the SV was suspected, but the CT image in the
publication also seems to show an EVA (21). In five of our six
patients with air in the vestibule, there were also abnormalities in
the sense of an EVA (patient A) or large or a second accesses to the
cochlea (patient D large cochleostomy for malformation of the
cochlea and patients E and F second cochleostomy in the apical
turn for removal of intracochlear schwannoma). Patient D exhibited
an incomplete partition II with an enlarged cochleostomie. In
patient B a scalar dislocation at 180° was found and in patient D the
electrode position was in the SV. Only in patient C no anomalies
were found. It can be concluded from this that the risk of a
pneumolabyrinth is very low in the case of “normal” anatomy and
insertion of the electrode via the round window without
electrode dislocation.

Some studies have shown that CI surgery leads to shifts of the
amplitude in the VEMPs, but a clear cause for this is not yet known
(for review see (8, 28)). One possible explanation for the observed
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changes in cVEMPs could be the air inclusions we have identified in
the vestibule. Since we did not examine VEMPs, this would
be interesting for a follow-up study. Especially in cases with
preoperative abnormalities such as EVA, intracochlear schwannomas,
or cochlear malformations, this examination could be conducted both
pre- and postoperatively.

To date, there is no standard treatment for pneumolabyrinth
after CI surgery. Depending on the symptoms, cause and extent of
air, a conservative approach with vertigo exercises and physiotherapy
or surgical exploration with re-sealing can be discussed.

A limitation of this study is the small cohort size. Additionally, the
cohort is not particularly homogeneous, as it includes one patient with
a radical cavity, one patient with EVA, one patient with incomplete
partition II and two others with an intralabyrinthine schwannoma.
Nevertheless, to the best of our knowledge, this is the first study to
describe intravestibular air in CI patients with postoperative vertigo.

In summary, there are various risk factors for postoperative
dizziness with pneumolabyrinth. These risk factors include
intralabyrinthine and intracranial pressure changes, e.g., due to EVA
or the presence of a VP shunt. Other risk factors that favor a
pneumolabyrinth are large CS or a second CS in intralabyrinthine
schwannomas and an electrode location in the SV or a dislocation of
the electrode from the ST to the SV.
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