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Introduction
Congenital hearing loss (HL) is the most common birth 

defect, estimated to affect 2-3 in every 1000 births. About 20% of 
patients affected by congenital sensorineural HL have inner ear 
malformations (IEM) that are detectable by radiology. These IEM 
are bilateral in 50% of cases [1]. In the IEM classification system, 
only Michel deformity, rudimentary otocyst and cochlear aplasia 
cannot be subjected to CI surgery. All other IEM such as cochlear 
aplasia, common cavity, cochlear hypoplasia, incomplete cochlear 
partition (IP) type I-II-III, enlarged vestibular aqueduct and 
cochlear aperture abnormalities, can be surgically treated with CI 
[2]. The neuronal populations range is 7677 in an ear with Mondini 
while the norm for human subjects is 35 000 neurons. The length 
of the spiral ganglion varies from 7.3 mm to 14.8 mm, the norm 
for human subjects is 12 mm [2,3]. In literature is reported that  

 
the minimum number of ganglion cells stimulated by the cochlear 
implant would be 5000 [4]. Many implantable electrode array 
designs have been proposed with different lengths and angular 
insertion depths, according to the patient cochlea’s size, shape, 
anatomy and pathology [3]. The initial designs were all straight, but 
a new generation of electrodes are curved or modiolar, designed 
to fit close to the modiolus, or curved inner axis of the cochlea 
[3,5]. In this paper we evaluate a clinical case regarding a child 
affected by congenital bilateral sensorineural HL with incomplete 
cochlear partition type II (Mondini malformation) who underwent 
CI surgery using a slim modiolar electrode.

Clinical Case
Between 2016 and 2019 seventy-five CI procedures in children 

were performed in our Department of Otorhinolaryngolgy. Thirty-
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seven patients of these presented IEM. Seven patients were affected 
by Mondini malformation. A 21-month-old boy was admitted to 
our ENT department. He was born at 38 weeks gestation with a 
birthweight of 2.8 Kg. Three days later jaundice had appeared, and 
the child underwent phototherapy. Cardiological evaluation was 
regular, and the urine test revealed no Cytomegalovirus. Newborn’s 
hearing screening, performed by automated transient otoacoustic 
emissions and Automated Auditory Brainstem Response, was 
worrying with a recommendation of bilaterally “refer”. When 
we evaluated the infant for the first time the hearing threshold 
potentials evoked from the brainstem (Auditory Brainstem 
Responses, ABR) had already been performed at another hospital 
with the diagnosis of severe deafness on the left side and moderate-
severe deafness on the right side. The patient thus used bilateral 
hearing aids since 5 months of life. He started babbling at 10 
months, but then speech development completely stopped. He 
underwent neuropsychological evaluation and was given speech 

therapy regularly three times a week. Genetic evaluation was 
performed, and the analysis is still ongoing. At 21 months we 
repeated the ABR, and the V wave threshold was 95 dB hearing 
loss on the right side and 100 dB on the left, at 2000-4000 Hz. 
Conditioned behavioral audiometry put threshold at greater than 
100 dB. With hearing aids, the threshold was nevertheless reduced 
to 60 dB. Brain magnetic resonance imaging (MRI) under sedation 
revealed dilated vestibule and enlarged vestibular aqueduct 
bilaterally. Both cochleas were dysmorphic in appearance. The VII 
and VIII cranial nerves appeared normal. Computed tomography 
(CT) scan imaging confirmed the pathological aspect of the cochlea, 
in fact the apex had a cystic appearance, the vestibule was dilated, 
and the vestibular aqueduct was enlarged (Figure 1). Considering 
the bilateral profound hearing loss, CI surgery was proposed to the 
parents who accepted. Simultaneous bilateral CI was performed 
when the child was 24 months old.

Figure 1(B)

Figure 1(A)
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Figure 1(C)
Figure 1: CT scan imaging (A): Axial view; vestibule dilated; (B) cystic aspect of cochlea apex; (C): RMI imaging, axial view.

Surgical Procedure
The posterior tympanotomy was extended inferiorly and a 

promontorial cochleostomy was performed because the round 
window niche appeared narrowed. The CI used was a Cochlear™ 
Nucleus® CI 532. The insertion of the electrode into the cochlea 
was complete without any oozing phenomenon. The cochleostomy 
was closed using a piece of temporal muscle. Intraoperative 
threshold nerve response, Automatic Neural Response Telemetry 
(NRT), were low as shown in Figure 2. This test represents an 
important intraoperative assessment of audiological response of 
the auditory nerve, of its integrity, a good electrode proximity to 
the modiolus and, thus, its correct cochlear insertion [6]. ECAP test 
(Evoked Compound Action Potentials) is based on multiple stimuli 
given by a certain electrode of cochlear implant array at increasing 
levels of energy with a consequent depolarization of auditory 
nerve fibers, recorded by electrodes near to the stimulating one. 
ECAP provides information regarding the status of the auditory 

nerve and, intraoperatively, confirms also the device integrity and 
electrode functionality. In our case, ECAP test was performed on 
all 22 electrodes of the array and Figure 2 reports the minimum 
level of energy used to induce a neural depolarization; in this 
figure x-axis represents the number of each tested electrode and 
y-axis represents level of energy current. In literature it is known 
that lower NRT curves are associated to a better auditory nerve 
functionality, a closer distance to the stimulation target (modiolus) 
and a reduced period of hearing deprivation. Moreover, lower 
responses mean a more selective recruitment of nerve fibers. In 
the post-operative fitting low NRT levels allow less energy levels 
of map profiles, increasing the autonomy of speech processor 
batteries. According to some authors, generally NRT curves show a 
horizontal trend along the implant array or at least a homogeneous 
trend between close electrodes. In our case, the patient was affected 
by a cochlear malformation and the small variations on electrodes 
6, 13, 15 and 19 could be explained by that [7].

Figure 2: Intra-Operative Auto-NRT (Neural Response Telemetry).
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Intraoperative electrical impedances of all 22 electrodes are 
reported in Figure 3a. Impedance test is an intraoperative and 
postoperative measurement which shows the correct functioning 
of each electrode of the array. Impedance is a value expressed in 
Ohm, thus it corresponds to the resistance offered to the current 
flow emitted from stimulating electrode through endocochlear 
perilymph to the recording electrode. Impedance value is also 
correlated to the possible presence of other material that could be 
found in the interface between platinum electrode and perilymph, 

such as blood or air bubbles. Each implant has its own typical range 
of impedance values, ranging from few kOhms up to a maximum 
value of 25 kOhms. If impedance value tends to zero, a short circuit 
has to be verified since it could represent a failure of the measured 
electrode (i.e., a defect of insulating material of the array or a damage 
during insertion); if impedance value exceeds the maximum value, 
an open circuit could be present, and it could depend on a breakage 
of the conductor wire or an insulating layer (air). 

Figure 3(A):

Figure 3(B):

Figure 3(C):
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Figure 3(D):
Figure 3: (A): Intra-operative impedance measurements; (B): First fitting impedance measurements one month after surgery, 
(c): Six months fitting impedance measurements; (D): One year fitting impedance measurements.

Nevertheless, impedance test does not confirm itself a correct 
electrode positioning into tympanic scale. For this reason, other 
tests are required, such as NRT or spread of excitation. Curve trend 
in impedance test has to be checked in order to verify that a saw-
tooth profile is not revealed; a smooth curve is generally the curve 
we aim to obtain. In our case, a smooth pattern was observed both 
during intraoperative and postoperative impedance measurements, 
with a value ranging from 5 to 20 kOhms intraoperatively; from 
5 to 10 kOhms 6 and 12 months after surgery. It is important to 
remember that a low value of impedance indicates a closer contact 
between electrode and endocochlear fluid, but it requires an 
increased amount of energy for fitting [8]. The switch-on and the 
first CI programming were performed 3 weeks after surgery. First 
programming consisted of 4 listening programs, called maps, each 
with increased levels of stimulation current based on AutoNRT 
response performed on the day of switch-on. Postoperative implant 
impedance measurements were taken at 3 weeks, 6 months and 
one year after surgery and are reported in Figure 3.

Discussion
In CI surgery, the aim is to place all of the stimulating contacts 

inside of the cochlea without causing any degree of intra-cochlear 
damage [5,6]. It is known in literature that spiral ganglion cells are 
the main neural elements electrically stimulated and the number of 
spiral ganglion cells required for electrical stimulation is much less 
than that required for acoustic stimulation [9-11]. This may explain 
why auditory and speech outcomes could be not significantly 
different between children with and without Mondini malformation 
[12-14]. Suri et al. showed that after implant use for one year, both 
children with radiologically normal inner ears and children with 
Mondini dysplasia had similar speech perception scores.8 The 
study performed by Chen et al in 2014 showed that the auditory 
skills of young children with Mondini dysplasia developed rapidly 
over a period of 3 years after cochlear implantation, in a similar 
manner to those of young children with radiologically normal inner 
ears [15]. 

Sturm affirmed that in children with normal ears Consonant-

Nucleus-Consonant (CNC) scores increased over time after 
implantation across all array designs. Perimodiolar (PM) array 
had higher CNC scores compared to lateral wall (LW) electrodes, 
particularly 6-months after CI.  No significant differences were 
observed after 12 months in mean pure tone audiometry (PTA) 
and speech recognition, but a faster acquisition of auditory results 
was observed in patients treated with CI532 [16,17]. Straight 
LW electrodes stimulate the nerve fiber endings of the auditory 
neurons at the organ of Corti whereas PM electrode arrays, which 
are closer to the modiolar wall, stimulate the spiral ganglion cells. 
In fact, LW electrode is near to the basilar membrane while the PM 
electrode has much greater clearance in terms of the medial scala 
tympani height and much greater proximity to the spiral ganglion, 
as well as being much further from the functional structures of 
the basilar membrane and the organ of Corti [6,7,11,17]. Schwartz 
showed that the type of array was not associated with better word 
recognition outcomes in long-term follow-up in patients with IP 
type II [18,19]. The full insertion of electrodes would be required 
to bring the stimulation contacts closer to the modiolus wall. Frijns 
et al found no correlation between the distance to the modiolus and 
the threshold or the maximum levels with a straight lateral wall 
electrode [20,21,22].

In the study performed by Grover et al. in 2017, five patients 
out of seventeen with EAM, presented Mondini malformation. 
The audiological results were not affected by the presence of 
cochleovestibular anomalies, and the straight array device was 
used in all patients [23]. The PM electrodes have a pre-determined 
shape which may not match the coiling pattern of individual 
cochlear geometries; moreover, they may more likely cause trauma 
than other electrodes because of the stylet wire which brings the 
electrode to be in a straight configuration before complete insertion 
occurs [24,25]. The length of the electrode in IP is important to 
avoid the electrode entering into the internal auditory canal with 
the risk risk of an intraoperative cerebrospinal fluid gusher/oozing 
[9,23,25]. Typically, the length of the electrode should match the 
length of the basal turn/middle turn of the cochlea. In case of 
cerebrospinal fluid gusher in malformed cochlea, a cork type 
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plug at the electrode array stopper point could provide a solution 
[26]. In our clinical report the insertion of the PM electrode into 
the cochlea was complete, there was no oozing phenomenon, and 
no other complications were reported during or after surgery. Six 
months after CI surgery, the mean PTA with both implants was 45 
dB HL while one year after surgery the mean PTA was 30 dB HL.  In 
according to literature, CI532 electrode reduce the distance to the 
modiolus with better audiological performances and more focused 
stimulation [27]. In our case, Category of Auditory Perception and 
Speech Intelligibility Rating were difficult to evaluate due to the 
language difficult. In fact, both parents don’t speak Italian and the 
child responds to commands only if formulated in Chinese.

Conclusion
In the clinical report presented, the PM slim electrode array has 

been used and its insertion into the cochlea was complete, without 
oozing phenomenon and no other complications during or after 
surgery. One year after surgery the mean PTA was 30 dB HL.
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