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Abstract

We conducted a systematic review and meta-analysis to compare round window (RW) and cochleostomy (C)
surgical approaches for the placement of cochlear implants (CIs). After obtaining the Institutional Review
Board (IRB) approval, 213 peer-reviewed articles published between January 1, 2000, and August 1, 2021,
comparing RW and C approaches were identified via a search on Google Scholar, Cochrane, and PubMed.
The inclusion criteria were articles having an English version and involving only human subjects (cadaveric
or alive). Statistical analysis of compiled electrode-to-modiolus distances was performed with two-sample
independent t-tests. Live patients were categorized as having complete hearing preservation (<10 dB
threshold shift), partial hearing preservation (10-20 dB shift), or minimal hearing preservation (>20 dB
shift). Chi-squared testing was used to compare the distribution of hearing preservation categories between
surgical approaches. Due to the heterogeneous nature of the data, only summative information was provided
on the effects of approaches on trauma, electrical impedance, speech perception, vestibular dysfunction,
ease of scala tympani insertion, and scalar shift. A total of 3,797 CI patients were evaluated. The RW
approach resulted in a smaller (0.15 mm smaller on average, p<0.05) electrode-to-modiolus distance when
compared to the C approach. The RW approach (93.0%) led to statistically better hearing preservation than
the C approach (84.3%) (p<0.05). The RW approach was also associated with better outcomes in terms of
speech perception, ease of scala tympani insertion, and reduced scalar shift. No difference between
approaches was found with regard to trauma, electrical impedance, and vestibular dysfunction. Based on our
findings, the RW approach appears to have several benefits compared to the C approach.

Categories: Otolaryngology
Keywords: scala tympani insertion, speech perception, vestibular dysfunction, electrical impedance, electrode-to-
modiolus distance, scalar shift, hearing preservation, cochlear implant, round window, cochleostomy

Introduction And Background

A cochlear implant (CI) is a device used to restore hearing in patients who cannot be helped with a hearing
aid [1]. CIs have two components: an internal and an external portion. Unlike hearing aids that amplify
sound, a CI transmits sound by directly stimulating the auditory nerve via the cochlear modiolus [2]. Two
main surgical approaches are used to insert CI electrodes within the cochlea: cochleostomy (C) and round
window (RW) [3]. The C approach involves placing the electrode of the CI into the scala tympani by creating
an opening anterior and inferior to the RW [4,5]. On the other hand, the RW approach involves inserting this
electrode via the RW itself, with or without drilling the edges of the window [6]. Some authors term drilling
edges of the RW as an “extended round window”; however, in the present study, all RW insertions,
irrespective of window enlargement/removal of annular bone, are categorized as RW approaches.

Surgeons continue to debate as to which technique is superior. Even though some systematic reviews/meta-
analyses on the topic are available in the literature, there are many outcomes to consider when comparing
the two surgical approaches, including trauma, hearing preservation, and speech perception.

We conducted a systematic review to compare surgical approaches in the context of trauma, electrical
impedance, speech perception, vestibular dysfunction, ease of scala tympani insertion, and scalar shift. In
the context of this review, we carried out statistical testing of homogenized data to identify which surgical
approach yields better hearing preservation and electrode-to-modiolus distance.

Review

Methods
Ethical Approval

Institutional Review Board (IRB)-exempt status was obtained from our institution to conduct this review.
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Literature Search

A systematic review of available literature on Cochrane, PubMed, and Google Scholar published between
January 1, 2000, and August 1, 2021, was conducted. The methodology is summarized in Figure 1. A total of
213 peer-reviewed articles comparing RW and C approaches were identified. The inclusion criteria were as
follows: articles having an English version and involving only human subjects. Human subjects included
both cadaveric and live subjects. Peer-reviewed articles were identified from PubMed, Google Scholar, and
Cochrane by employing the following broad Medical Subject Headings (MeSH) search: ("round window")
AND ("cochleostomy"). Quality and validity were determined as per the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines (Figure 7).
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FIGURE 1: PRISMA flow diagram

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses

Electrode-to-Modiolus Distance Analysis

For the analysis of electrode-to-modiolus distance, the only literature available for review used the Med-EL
standard 12-electrode arrays, and hence only those papers including data about Med-EL standard 12-
electrode contact arrays were specifically included. Further, all included studies had to determine the
electrode-to-modiolus distance in a consistent manner, specifically via combined flat-panel CT (FPCT) and
curved multiplanar reconstruction (MPR). In total, this approach yielded two papers for analysis [4,7].

Extracted data were made comparable by analyzing RW and C approach electrode-to-modiolus distances for
the 12-electrode positions common to all studies. Electrode distances were pooled and compared with two-
sample independent t-testing.

Hearing Preservation Analysis

For the analysis of hearing preservation, only those papers that reported hearing preservation in decibels
were included. Although 18 papers reviewed hearing preservation, not every paper reported preservation in
decibels. In total, our inclusion criteria yielded three papers for analysis [8-10].

Extracted decibel readings were pooled and used to classify patients into the following categories: patients
having complete hearing preservation (mean hearing threshold increasing <10 dB), those with partial
preservation (increasing between 10 dB and 20 dB), and patients with minimal preservation to complete loss
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of residual hearing (increasing >20 dB). A chi-squared test was used to compare the distribution of hearing
preservation categories between the two surgical approaches.

Other Analyses

Eight papers were analyzed for ease of scala tympani insertion|[4,7,11-16]. Two papers were analyzed for
scalar shift [17,18]. Three papers were analyzed for electrical impedance[19-21]. Seven papers were analyzed
for intraoperative trauma [5,6,22-26]. Five papers were analyzed for speech perception [21,27-30]. Three
papers were analyzed for vestibular dysfunction [31-33]. Due to the lack of homogeneity in the data,
statistical analyses could not be carried out, and summative data was reported.

Results

Sample Size and Demographics

In total, 36 studies met our criteria for inclusion (Figure 7). The included papers evaluated outcomes and
characteristics of 3,797 cadaveric and live human CIs. Twenty-nine and 7 papers were regarding live human
and cadaveric subjects, respectively. Of the 29 studies on live humans, the average patient age was 38.4
years. The average patient age in the studies ranged from 2.4 to 75.5 years. A breakdown based on sex and
race could not be provided as some papers did not include specific information about the sex or race of the
patients.

Electrode-to-Modiolus Distance Analysis

Analyzing the two papers regarding electrode-to-modulus distance yielded 48 electrode arrays with a mean
patient age of 26 years. Patient ages ranged from 0.8 to 64 years. Of note, 60% of the patients were male.

Two-sample independent t-testing revealed that the RW approach provided a significantly smaller
electrode-to-modiolus distance when compared to the C approach. Specifically, the distance was 0.15 mm
smaller on average with significant differences favoring the RW approach identified in electrodes 1-3, 5-10,
and 12. No significant difference was found in electrodes 4 or 11 (Table I, Figure 2).

Electrode #
1 2 3 4 5 6
R-C (mm) -0.603* -0.390* -0.063* -0.006 -0.020* -0.072*
Electrode #
7 8 9 10 11 12
R-C (mm) -0.138* -0.129* -0.112* -0.077* 0.015 -0.109*

TABLE 1: Average difference between round window and cochleostomy surgical approaches in
terms of electrode-to-modiolus distance at electrodes 1-12

*Significant difference between surgical approaches, p<0.05
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FIGURE 2: Average difference between round window and cochleostomy
surgical approaches in terms of electrode-to-modiolus distance at
electrodes 1-12

Hearing Preservation Analysis

Each of the three studies evaluated for hearing preservation used low frequency-pure tone averages (PTA) to
assess residual hearing loss. Two of the studies measured hearing preservation with PTA thresholds between
125 and 500 Hz. The third study measured hearing preservation with PTA thresholds at 250, 500, and 1000
Hz.

Of the patients analyzed for hearing preservation, 141 and 115 underwent the RW and C approaches,
respectively. One of the studies included was a systematic review from 2013 and did not specify the

average age of the participants. The remaining two studies included in the analysis were from 2014 and were
not included in this systematic review. These latter studies had an average patient age of 42 years.

Of the RW-approach patients, 93% (n=77) had less than a 20-dB shift in their hearing threshold with 7.1%
(n=10) having greater than a 20-dB shift. Of the C-approach patients, 84.3% (n=36) had less than a 20-dB
shift in their hearing threshold with 15.7% (n=18) having greater than a 20-dB shift (Table 2, Figure 3).

Hearing preservation Surgical approach

Round Window Cochleostomy All patients
Complete hearing preservation (<10 dB shift) 42.6% (6) 31.3% (36) 31.3% (96)
Partial hearing preservation (10-20 dB shift) 50.4% (71) 53.0% (132) 51.6% (132)
Minimal preservation to complete loss (>20 dB shift) 7.1% (10) 15.7% (28) 10.9% (28)
Total 100% (141) 100% (115) 100% (256)

TABLE 2: Comparison of hearing preservation between the round window and cochleostomy
surgical approaches
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Outcome/complication

Trauma

Electrical impedance
Speech perception
Vestibular dysfunction

Ease of scala tympani
insertion

Scalar shift
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FIGURE 3: Comparison of hearing preservation between the round
window and cochleostomy surgical approaches

A chi-squared test revealed a significant (p<0.05) difference between these distributions, suggesting that the
RW approach leads to significantly better outcomes with respect to hearing preservation.

Trauma

Seven of the included studies evaluated intraoperative trauma [5,6,22-26]. Four studies showed that the RW
approach yielded less intracochlear trauma when compared to the C approach [5,6,24,26]. Two studies
[22,25] showed no difference, and one study [23] showed that the C approach yielded less intracochlear
trauma when compared to the RW approach (Table 3, Figure ).

Number of
studies

7

3

% of studies finding RW % of studies finding C % of studies finding no

superior superior difference
57% (4) 14% (1) 29% (2)
33% (1) 0% (0) 67% (2)
40% (2) 0% (0) 60% (3)
33% (1) 33% (1) 33% (1)
62.5% (5) 0% (0) 37.5% (3)
100% (2) 0% (0) 0% (0)

TABLE 3: Percentage of studies that indicate the superiority of RW or C approaches regarding
trauma, electrical impedance, speech perception, vestibular dysfunction, ease of scala tympani
insertion, and scalar shift

RW: round window; C: cochleostomy
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FIGURE 4: Percentage of studies that indicate the superiority of RW or
C approaches regarding trauma, electrical impedance, speech
perception, vestibular dysfunction, ease of scala tympani insertion, and
scalar shift

RW: round window; C: cochleostomy

Electrical Impedance

Three of the included studies evaluated electrical impedance [19-21]. One study [19] showed that the RW
approach yielded lower electrical impedance when compared to the C approach while two studies [20,21]
indicated that there was no difference (Table 3, Figure 4).

Speech Perception

Five of the included studies evaluated speech perception [21,27-30]. Two studies [28,30] showed that the RW
approach resulted in improved speech perception when compared to the C approach while three studies
[21,27,29] indicated that there was no difference (Table 3, Figure 4).

Vestibular Dysfunction

Three of the included studies evaluated vestibular dysfunction [31-33]. One study showed that the RW
approach resulted in less vestibular dysfunction when compared to the C approach [32]. One study [33]
showed that the C approach led to less vestibular dysfunction when compared to the RW approach while the
last study [31] indicated that there was no difference (Table 3, Figure 4).

Ease of Scala Tympani Insertion

Eight of the included studies evaluated the ease of insertion into the scala tympani [4,7,11-16]. Five studies
indicated that the RW approach was better for insertion into the scala tympani when compared to the C
approach [4,11,12,15,16]. The remaining three studies indicated that there was no difference (Table 3, Figure
4)[7,13,14].

Scalar Shift

Two of the included studies evaluated the presence of scalar shift [17,18]. Both studies indicated that the RW
approach yielded less scalar shifting when compared to the C approach (Table 3, Figure 4).

Discussion

Hearing preservation is an integral outcome to consider when determining which surgical approach to use.
Our data suggest that the RW approach leads to optimum hearing preservation in pediatric and adult
populations. While this may lead surgeons to consider the RW over the C approach, it is also important to
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understand other differences in outcomes between these approaches.

Electrode-to-modiolus distance is a crucial consideration. The importance of electrode-to-modiolus distance
remains controversial, but decreased distance appears to be associated with decreased current levels for
suprathreshold simulation [34,35]. Although clinical implications of this finding remain unclear, one
potential implication is slowed consumption of implant batteries. Our study shows that the RW approach
leads to decreased electrode-to-modiolus distance when compared to the C approach. In patients where
battery life is a serious consideration, this may be worth thinking about. However, the importance of this
finding will most likely become clearer as further studies on the topic are completed.

A more clinically useful outcome that we evaluated was intraoperative trauma to the cochlea. Minimizing
intracochlear trauma is pivotal for residual hearing preservation [36]. Our analysis suggests that the RW
approach may lead to less trauma than the C approach (Table 53). This makes intuitive sense as the RW
approach does not require the creation of a separate opening for the insertion of the CI. However, for
surgeons who are more experienced in the C approach, or in cases of challenging anatomy, an RW
enlargement may be necessary. This increases the risk for potential trauma, and all things considered, we
cannot recommend one surgical approach over the other for minimizing trauma specifically.

Electrical impedance is a measure indicative of the integrity and function of electrodes. It reflects the status
of the tissue-to-electrode interface [21]. Lower electrical impedance correlates with higher integrity of the
implant. Our analysis did not reveal any superiority of either the RW or C approach in reducing electrical
impedance with two-thirds of the studies we reviewed regarding electrical impedance revealing no
difference between the approaches [20,21]. The remaining study found that the RW approach was preferable
[19]. Despite this, we cannot recommend one surgical approach over the other for minimizing electrical
impedance, but future meta-analysis/systematic review may shed more light on the potential benefits of the
RW approach.

Speech perception is a measure of CI integrity. Speech perception is defined as the ability to identify and
understand human speech and discriminate between monosyllabic words. Our analysis did not reveal the
superiority of either the RW or C approach in maximizing speech perception with 60% of the studies we
reviewed regarding speech perception revealing no difference between the approaches [21,27,29]. The
remaining 40% of studies revealed that the RW approach was superior, suggesting that the RW approach may
maximize speech perception when compared to the C approach [28,30]. Further systematic reviews/meta-
analyses of this topic are necessary to better understand this relationship.

Vestibular dysfunction and dizziness are common side effects associated with CIs [31]. Our analysis did not
exhibit the superiority of either the RW or C approach in minimizing vestibular dysfunction with one-third
of the studies we reviewed finding the RW approach superior, one-third finding the C approach superior,
and one-third finding neither approach superior [31-33]. These contradictory findings mean that we cannot
recommend one surgical approach over the other for minimizing vestibular dysfunction specifically.

Ease of scala tympani insertion is critical as patients with electrodes in the scala tympani experience better
overall hearing outcomes, less postoperative vertigo, and preservation of residual hearing when compared
to those with electrodes in the scala vestibuli [37-42]. Our analysis revealed that 62.5% of studies indicated
the superiority of the RW approach for ease of insertion [4,11,12,15,16]. The remaining 37.5% of studies
indicated no difference between the RW and C approaches [7,13,14]. Ease of insertion is largely subjective
and dependent on a host of factors, including patient anatomy and surgeon skill in addition to the surgical
approach. However, the lack of studies supporting the C approach coupled with the fact that a majority of
papers favor the RW approach leads us to recommend the RW approach to maximize the ease of insertion
into the scala tympani.

The scalar shift is a strongly unwanted complication in CI surgery, which results in damage to the cochlear
microstructure with loss of hair cells and spiral ganglion neurons [40,43]. Preventing this complication is of
critical importance. Our analysis finds that all of the included studies evaluating scalar shift identify the RW
approach as the preferred surgical approach for minimizing this complication [17,18]. For this reason, we
strongly recommend the RW approach when striving to minimize scalar shift.

Bias

The results of this systematic review may be limited by the innate risk of selection bias, implementation
bias, as well as attribution bias associated with systematic reviews.

Level of evidence

The studies included in the meta-analysis had a level of evidence of 2.

Limitations

Our review is limited primarily by the lack of homogenous data and small sample size, meaning that we were
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able to perform statistical analysis on only two of the eight desired surgical outcomes/complications.
Furthermore, there is no consensus as to which variables carry the most weight when determining which
surgical approach is better, and hence we assigned equal weight to all variables.

Conclusions

Our meta-analysis revealed that when compared to the traditional C approach, the RW approach for the
placement of cochlear implants is associated with better hearing preservation and reduced electrode-to-
modiolus distance. The clinical significance of the reduced electrode-to-modiolus distance is yet to be
elucidated, but the reduced distance may correlate with longer-lasting batteries in these devices.

Our systematic review indicated that the RW approach can lead to better outcomes of speech perception,
more ease of scala tympani insertion, and reduced scalar shift. Regarding trauma, electrical impedance, and
vestibular dysfunction, other factors like surgeon experience and patient anatomy may be more predictive of
success than the choice of surgical approach. Taken together, we recommend the RW approach over the C
approach for new surgeons without a preferred operative approach seeking to optimize patient outcomes
and ease of insertion. We believe further studies can reveal other differences in short- and long-term
outcomes between these approaches.
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