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Objective: To evaluate the clinical applicability of a semiautomatic
radiological tool for scalar translocation detection.
Study Design: Retrospective study.
Setting: Tertiary care academic center.
Patients:We included 104 patients implantedwith 116HiFocusMid-
Scala electrode arrays between January 2013 and September 2016.
Intervention: Cochlear implantation.
Main OutcomeMeasures: The tool's scalar position assessments
were compared with manual ones by calculating intraclass coeffi-
cient (ICC) for individual contacts and sensitivity and specificity
for translocation detection of the whole array. In addition, ICC
was calculated for diameters A and B, ratio A/B, and angular in-
sertion depth (AID).
Results: Nine-one percent of cases could be processed, which
took 5 to 10 minutes per case. Comparison of manual and
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semiautomatic scalar position showed for individual contacts an
ICC of 0.89 and for the whole array a sensitivity of 97% and a
specificity of 96%. ICCs for A, B, and A/B were 0.82, 0.74, and
0.39 respectively. For AID, ICC of each of the 16 contacts was
0.95 or higher.
Conclusions: The semiautomatic radiological tool could analyze
most cases and showed good to excellent agreement with manual
assessments for translocation detection, diameter A, diameter B,
and AID. The variability between semiautomatic andmanual mea-
surements is comparable to interobserver variability, indicating
that clinical implementation of the tool is feasible.
Key Words: Cochlear implantation—Computed tomography—
Scalar translocation—Semiautomatic.
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INTRODUCTION

Cochlear implantation (CI) is an established treatment
for restoring hearing in individuals with severe to profound
sensorineural hearing loss. Although most CI recipients
experience significant improvement in speech recognition,
a large variation in outcomes is observed (1). An important,
potentially modifiable, factor influencing the postoperative
outcome is scalar translocation (2–6). This is a common
complication of CI surgery where the electrode array dis-
locates from scala tympani (ST) to scala vestibuli (SV).
A systematic review including more than 2,000 patients
found the occurrence of scalar translocation to be 32%
for precurved electrode arrays and 7% for straight electrode
arrays (7).

The mechanism underlying the detrimental effects of
translocation on hearing outcomes is believed to involve
twomain factors (8). First, the migration of the electrode ar-
ray results in damage to the basilar membrane (BM) and/or
osseous spiral lamina, which compromises any remaining
hearing ability and triggers an inflammatory response.
Second, translocation causes damage to the spiral ganglion
cells and suboptimal positioning of the electrode array for
stimulating the spiral ganglion cells. The malpositioned
part of the electrode array in SV can be situated in such
close proximity to the modiolus of the adjacent cochlear
turn that cross-turn stimulation may occur. Moreover,
precurved arrays are positioned near the lateral wall during
translocation (in contrast to the intended modiolar wall po-
sition), resulting in a greater distance from the spiral gan-
glion cells and hence less precise stimulation. Examples
of an electrode array fully inserted in ST and one with a
translocation are displayed in Figure 1.
ology & Neurotology, Inc.
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FIG. 1. Examples of three-dimensional cochlea and electrode array models generated by the radiological tool. A, An array positioned fully in
scala tympani as intended. B, An array with translocation to scala vestibuli.

TABLE 1. Demographic characteristics of patient population

n = 104 Patients, n = 116 Ears

Age at implantation, mean ± SD, yra 47.8 ± 25.9
Female, n (%)a 57 (54.8)
Right-sided, n (%) 54 (46.6%)
AID, mean ± SD, deg 416 ± 36
Translocation, n (%) 39 (33.6)

aCalculated over individual patients instead of ears.
AID indicates angular insertion depth; SD, standard deviation.
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As it is one of the precursors for inferior outcomes, pre-
vention of scalar translocation has become an important
goal in CI research. Various technologies have been pro-
posed to achieve this objective, including preoperative
planning tools based on imaging (9), intraoperative imped-
ance measurements (10), and robot-assisted electrode array
insertion (11). Nevertheless, accurate postoperative diagno-
sis remains necessary to serve as a reference for new tech-
nologies. In addition, simply providing the surgeon with
feedback of translocation shortly after the surgery has been
shown to reduce the rate of translocation (6,12).
The criterion standard for diagnosis of scalar transloca-

tion is histopathology, but because this is not possible in
vivo, computed tomography (CT) is considered the crite-
rion standard in a clinical setting, using either conventional
CT or cone beam CT (8). However, manual determination
of scalar translocation fromCT is time-consuming and prone
to intraobserver and interobserver variability (13,14). There-
fore, (semi)automatic analysis of CT images would be a pre-
ferred method for detection of scalar translocation from CT
images, with the added benefit of being able to provide more
detailed information than manual determination. A study by
Sismono et al. (15) found that semiautomatic determination
of scalar translocation on cone beam CT images was in full
agreement with the opinion of two experienced radiologists
in 23 cases, demonstrating that this is a feasible approach.
Recently, a semiautomatic radiological tool has been devel-
oped that can, among others, detect translocation (16). The
aim of this study was to evaluate the clinical applicability
of this tool by comparing its scalar position assessments
to a previously validated manual method (14) using a large
set of preoperative and postoperative CT images from clin-
ical practice.

MATERIALS AND METHODS

Patient Population
To evaluate the radiological tool, we used an existing

dataset of 152 patients implanted with a total of 168 HiFocus
Mid-Scala (MS) and HiFocus 1J electrode arrays (Advanced
Bionics, Valencia, CA). However, because the radiological
tool currently does not support 1J implants, only patients
implanted with an MS array were included in this study.
This group consists of 104 patients with a total of 116 im-
planted ears. All patients were implanted between January
2013 and September 2016 in the Leiden University Medical
Center. The MS electrode is a precurved array, containing
16 stimulating electrode contacts and one nonstimulating
marker. Table 1 summarizes demographic characteristics
of the patient population. The prevalence of translocation
in the study population is higher than the prevalence of
translocation for all patients implanted in our center, as a re-
sult of selecting a subset of the existing dataset that con-
tains a large number of translocated arrays to evaluate the
semiautomatic tool's accuracy (6).

Radiological Evaluation
Each patient underwent two multislice CT examinations

(Aquilion; Toshiba Medical Systems, Otawara, Japan) with
an isotropic acquisition voxel size of 0.45 or 0.50 mm. The
first scan was made before the surgery and the second a day
after the surgery, as part of the standard clinicalworkflow in
our institution. From these scans, multiplanar reconstruc-
tions were made in which a plane goes through the basal
turn of the cochlea. The preoperative and postoperative scans
were aligned using manually selected anatomical landmarks
from the cochlea coordinate system (17). On the preopera-
tive scan, the largest distance from round window to the lat-
eral wall (diameter A) and the distance perpendicular to it
(diameter B) were measured (18). Ratio A/B, describing
the shape of the cochlea, was obtained by dividing diameter
A by diameter B. Then, electrode contacts were manually
located on the postoperative scan, from which the angular
insertion depth (AID) was calculated following the consen-
sus coordinate system (17,19). Using the spatially synchro-
nized scans and electrode positions, midmodiolar sections
of each of the 16 electrode contacts were presented side
by side in random order to an experienced head and neck
radiologist for evaluation of the scalar position of that elec-
trode contact (20). For each electrode contact, the radiolo-
gist assigned a score ranging from 0 to 5: 0, contact could
Otology & Neurotology, Vol. 45, No. 4, 2024
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not be assessed; 1, certain ST position; 2, likely ST posi-
tion; 3, intermediate position; 4, likely SV position; and
5, certain SV position (14,21,22). The electrode array as a
whole was considered to be translocated if a total of two
or more individual contacts were assessed to be located in
SV (i.e., a score of 4 or 5). Because the radiological tool
uses a different scale for scoring the scalar position (see dis-
cussion hereinafter), the manual scores were converted
from the original five-point scale to the tool's three-point
scale. Certain and likely ST assessments were joined as
ST assessments, and certain and likely SV assessments
were joined as SV assessments. The electrode closest to
the basal end that was located in SV was considered to be
the position of the translocation.

Radiological Tool
We used a research version of the radiological tool, as it

is not yet available commercially. As described by Geiger
et al. (16), it uses three-dimensional (3D) models of co-
chlea, BM, and the electrode array for surgical planning
and postoperative assessment of the electrode position, in-
cluding the scalar position of the electrode contacts. It cur-
rently supports postoperative assessment of patients im-
planted with MS or SlimJ electrode arrays. The cochlea
and BM models are obtained by fitting an active shape
model to the preoperative scan, based on four manually
placed anatomical landmarks (23). Automatic localization
of electrode contacts is used to fit an electrode array model
to the postoperative scan. The preoperative and postopera-
tive scans are spatially synchronized to be able to compare
the electrode position relative to the cochlea and BM. Be-
fore placing the four anatomical landmarks, the user first
has to crop the scan and align it to the plane through the
basal turn of the cochlea. These steps are depicted in
Figure 2. We used the cochlea 3D model to extract diame-
ters A and B, as these are not directly measured by the tool.
Note that diameters A and B were measured using a differ-
ent method than the original definition by Escudé et al.
(18), where A starts at the center of the round window
and both lines go through the modiolar axis. Because the
modiolar axis and center of the round window marker are
not retained in the tool's output, satisfying these require-
ments was not possible. Instead, diameter Awas measured
as the distance between the beginning of the model (at the
basal end of the round window) and a point on the lateral
wall as far away as possible. Diameter B was measured as
FIG. 2. Analysis steps using the radiological tool.A, Crop and realignCT to
3D model; D, Generate electrode model from spatially synchronized posto

Otology & Neurotology, Vol. 45, No. 4, 2024
the distance between two points on the lateral wall, placed
so that the line connecting them is perpendicular to A and
as large as possible. Ratio A/B was computed from diame-
ters A and B. The AID and scalar location of each contact
were extracted from the report that is generated by the tool
upon analysis of the spatially synchronized cochlea, BM,
and electrode array models. The scalar location is rated as
a score ranging from 0 to 2: 0, ST position; 1, intermediate
position; and 2, SV position.

Statistical Analysis
The cases where analysis was not possible using the ra-

diological tool were compared with the cases where analy-
sis was possible to identify differences between these
groups. For the cases where analysis was possible, diame-
ters A and B, ratio A/B, AID, and scalar location of individ-
ual contacts were evaluated for their correlation to manual
assessments. Because these are considered repeated mea-
surements by two fixed observers (manually and using
the radiological tool), intraclass correlation coefficient
(ICC) with 95% confidence interval was calculated using
a two-way mixed-effects model for consistency, using sin-
gle measurements for reliability. ICC is interpreted as poor
(0.00–0.39), fair (0.40–0.59), good (0.60–0.74), or excel-
lent (0.75–1.00) (24). Determining the presence of scalar
translocation for the whole array is considered a binary di-
agnostic test and was evaluated by calculating sensitivity
and specificity. t Tests and χ2 tests were used to compare
means and proportions, respectively. A p value of 0.05 or
less was considered statistically significant. When consid-
ering statistical significance of outcomes for each of the
16 electrode contacts separately, Bonferroni correction
was applied. Statistical analysis was performed using R sta-
tistical software (version 4.2.1, https://www.r-project.org/).

RESULTS

Of the 116 cases, 97 could be analyzed on the first try, 9
took more than one attempt of placing manual landmarks
before analysis was possible, and 10 cases could not be
fully analyzed despite repeated attempts. In all of these 10
cases, preoperative analysis was possible, but postoperative
analysis was not, which often turned out to be caused by the
electrode localization algorithm finding too many or too
few electrode contacts. Mean AID of the 10 cases that
could not be analyzed was significantly deeper than for
cochlear view.B, Place anatomical landmarks,C, Generate cochlea
perative CT indicates computed tomography.

http://https://www.r-project.org/
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the caseswhere analysis was successful (459 versus 412 de-
grees, p = 0.001). Other patient characteristics did not differ
significantly between these groups. The following results
are for the 106 cases where semiautomatic analysis was
possible. Although the time required was not measured in
a systematic manner, it took 5 to 10 minutes on average
to analyze one case.
Measurements of diameters A and B, ratio A/B, and the

AID are depicted in Figure 3. Semiautomatic measurement
resulted in systematically larger diameters than manual
measurements for both A (mean, 9.54 versus 8.89 mm;
p < 0.001) and B (mean, 7.15 versus 6.69 mm; p < 0.001).
Mean absolute differences for A and B were 0.65 and
0.47mm, respectively. Diameter A shows excellent correlation
to manual measurements with an ICC of 0.82 (0.75–0.88),
whereas B shows good correlation with an ICC of 0.74
(0.64–0.81). Mean ratio A/B was 1.33 for both manual and
semiautomatic measurements, with a mean absolute differ-
ence of 0.04, but showed poor ICC of 0.39 (0.21–0.54).
Manual measurements for ratio A/B were between 1.22
and 1.45, whereas semiautomatic measurements werewithin
a narrower range between 1.26 and 1.38.
Upon analysis of AID, we noticed that measurements by

the radiological tool included three outliers, where the AID
for one contact seemed to be measured as if it were located
in the next turn (i.e., the value was approximately 360
FIG. 3. Scatterplots of manual measurements compared with measurem
agreement between measurements. Diameter A (A), diameter B (B), ratio
window (only contacts 1, 6, 11, and 16 are displayed for clarity, but the pa
degrees higher than expected based on the AID of adjacent
contacts). To prevent a disproportionate influence of these
values, they were corrected by subtracting 360 degrees.
The mean absolute difference in AID from semiautomatic
versus manual determination was 8.7 degrees, which is far
less than themean difference of 25.6 degrees between consec-
utive contacts according to manual measurements. ICC was
excellent for AID of each of the 16 contacts separately (range,
0.95–0.98). For the AID of the most apical contact, often re-
ferred to as insertion depth of the electrode as a whole, ICC
was 0.95 and the mean absolute difference was 15.4 degrees.
The mean difference in AID between the two most apical
contacts as measured manually was 49.8 degrees.

ICC of semiautomatic and manual scalar location for in-
dividual contacts was 0.89 (0.88–0.90). After combining
these individual scores into translocation of the entire elec-
trode array, comparison of semiautomatic scores to the
manual scores, shown in Table 2, resulted in sensitivity of
97% and specificity of 96%. For those cases in which both
methods rated the array as translocated, the average differ-
ence in position of translocation was 0.6 contacts.

DISCUSSION

Accurate postoperative diagnosis of scalar translocation
in cochlear implant recipients is a relevant, yet challenging
ents from the radiological tool. The diagonal lines represent perfect
A/B (C), and angular insertion depth in degrees (D) from the round
tterns for other contacts are similar).

Otology & Neurotology, Vol. 45, No. 4, 2024



TABLE 2. Radiological tool assessments of translocation
compared with manual assessments

Manual Assessment

Translocation No Translocation

Radiological tool Translocation 34 3
No translocation 1 68
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task. This study set out to evaluate a radiological tool for
semiautomatic analysis of the electrode location from CT
images. The tool creates a 3D model of the cochlea and
the BM based on the preoperative scan, and adapts a spa-
tially synchronized 3D model of the electrode array based
on the postoperative scan. A large majority of cases can
be analyzed quickly using this tool. Measurements of A,
B, and AID demonstrate good to excellent correlation to
manual measurements, whereas measurements of ratio
A/B show poor correlation. Most notably, scalar position
shows excellent agreement with the opinion of an experi-
enced radiologist, with an ICC of 0.89 for individual con-
tacts and sensitivity of 97% and specificity of 96% for
detecting translocation in the complete electrode array.
We found that the tool could fully analyze 91% of the cases,
with the full process of cropping and aligning the scan, plac-
ing landmarks and analysis taking roughly 5 to 10 minutes.
This would make implementation into a clinical workflow
feasible. However, a serious drawback is that the tool is lim-
ited to postoperative analysis of electrode arrays from one
manufacturer only. Ideally, this kind of tool should be ap-
plicable to every cochlear implant recipient, ensuring a
standardized assessment between patients. Further stan-
dardization could be attained by automating the process
entirely, removing any interobserver variability.
Diameters A and Bwere introduced by Escudé et al. (18)

as a simple way to define cochlear size. They are also used
to estimate cochlear duct length, predict AID (25), and con-
sequently select an appropriate electrode array. Rivas et al.
(26) developed an algorithm that automatically measures A
and compared it with the manual measurements of two ex-
pert observers. The mean absolute differences between ex-
pert measurements and between automatic measurements
and both of the experts separately were 0.18, 0.25, and
0.18 mm, respectively. In another study, a tool similar to
the one we used was evaluated by measuring intraobserver
and interobserver variability of experts using the tool (27).
They found mean absolute differences between and within
observers, respectively, of 0.96 and 0.29 mm for A and 0.34
and 0.30 mm for B. Compared with these results, our abso-
lute mean differences between manual and semiautomatic
measurements of 0.65 mm for A and 0.48 mm for B are rel-
atively large. However, ICC is good to excellent, comparable
to the interobserver ICC between two experts reported by
Oh et al. (28). The systematic overestimation of the diame-
ters by the radiological tool can (at least partially) be ex-
plained by the approach we used to measure the diameters.
Because the markers indicating the center of the round win-
dow and the modiolar axis are not retained in the tool's out-
put, we used the basal end instead of the center of the round
Otology & Neurotology, Vol. 45, No. 4, 2024
window to measure A and could not check the requirement
that both lines cross the modiolar axis. Another possible
explanation is that a manual measurement is carried out
on one slice of the CT, whereas the algorithm we used to
find the longest distance considers the full 3D cochlea
model, perhaps resulting in a slightly larger result than is
possible when considering only one slice.

An interesting finding in our study is that, despite good
to excellent correlation for diameters A and B separately,
correlation for ratio A/B is poor. We hypothesized that this
could be a result of the systematic measurement errors of
diameters A andB discussed previously. However, subtracting
the absolute or relative mean systematic error from the
tool's measurements before calculating ratio A/B did not
lead to meaningful changes in the results.We also observed
that values for ratio A/B as measured by the radiological
tool fall within a much narrower range than values mea-
sured manually. Because diameters A and B are extracted
from the 3D cochlea models that are generated using an
active shape model, and ratio A/B is a measure describing
the shape of the cochlea, the narrow range of values may
be a reflection of too strict constraints on the shape of the
cochlea model. Thus, to improve the active shape model's
accuracy in representing cochlear anatomy, it seems that in-
creasing the variability of ratio A/B should be a priority. To
the best of our knowledge, no previous studies have evalu-
ated intraobserver or interobserver variability for ratio A/B
that we can compare our results to.

The AID indicates how deep each electrode contact is
located within the cochlea, which may be used for patient-
specific frequencymapping in the speech processor. Canfarotta
et al. (9) reported intraobserver and interobserver ICCs of
0.99 and 0.98 and mean absolute difference of 9.9 degrees
for the most apical contact as measured using a tablet-based
tool similar to the one we used. In their study, they only ex-
amined patients implanted with a lateral wall array. Be-
cause the contacts of a lateral wall array are located further
away from the modiolar axis, a certain absolute localization
difference will lead to a smaller difference in AID com-
pared with precurved arrays. For example, one study found
an interobserver ICC of 0.96 for manual AID measurement
of straight arrays (28), whereas another found an ICC of
0.67 for patients implanted with a precurved array (13).
Our results show that the tool leads to consistent AID mea-
surements that are comparable to manual measurements.

Our main interest in this study was the reliability of sca-
lar position assessments. We found that the tool produces
judgments of the scalar position that closely correspond
to the opinion of an expert radiologist, both for individual
contacts and the complete electrode array. In a previous
study from our group, reliability of manual scalar position
determination for individual contacts was investigated (14).
It showed intraobserver and interobserver ICCs of 0.86
and 0.83. These results are, however, not directly compara-
ble to the current study, because scalar position was com-
pared on a five-point scale, instead of the three-point scale
we used in this study. For scalar translocation detection of
the complete electrode array, Jia et al. (29) reported agree-
ment between expert judgments on intraoperative cone
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beam CT to be as low as 43 to 53%. Farnsworth et al. (13)
found Cohen's κ of 0.78 for translocation agreement be-
tween experts in a relatively small study with three translo-
cations in 34 patients. This means that differences between
manual and semiautomatic scalar position assessments in
our study are not necessarily errors from the tools, but
could also be due to interobserver variability. To establish
the true error rate of the tool's assessments, other judgments
should be used for comparison, such as expert judgment
from histology or high-quality images likemicro-CT. In ad-
dition, intraobserver and interobserver variability will
likely also be present in the assessments of the radiological
tool, because it depends on the manual placement of ana-
tomical landmarks. Sismono et al. (15) did observe perfect
agreement between semiautomatic electrode localization
approach and expert scalar position judgments on cone
beam CT. However, this was a smaller study with only 23
patients with straight electrodes.
Although this study is relatively large, there are also

some limitations. First, we included only patients implanted
with a precurved array, and therefore, the results cannot di-
rectly be generalized to all array types. Although transloca-
tion detection is most relevant for precurved arrays because
of the higher incidence, further research is required in pa-
tients implanted with straight arrays. In addition, we used
images from one center with comparable voxel size and im-
age quality. Any influence of these factors on the results
thus remains unknown. Finally, we only evaluated the tool
comparedwithmanualmeasurements. Further examination
of intraobserver and interobserver variability of using the
tool would provide valuable information about the reliabil-
ity of the tooled measurements.
In this study, we evaluated a semiautomatic radiological

tool for scalar translocation detection and other measures.
It showed good to excellent correlation with manual assess-
ments in 106 ears. The tool can quickly analyze most cases
and is potentially applicable in clinical practice to provide
reliable feedback after CI for a selection of patients.
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