
J Pak Med Assoc (Suppl. 01) Open Access

10th AKU Annual Surgery Conference Supplement S-89

SYSTEMATIC REVIEW  

Preoperative Predictors of round window visibility on High resolution CT-scan 
temporal bone in patients undergoing cochlear implant surgery: A Systematic 
Review
Syed Akbar Abbas1, Muhammad Wasif2, Abdul Basit Shah Vardag3, Haissan Iftikhar4, Huzaifa Moiz5, 
Syed Shabbir Afzal6

Abstract 
Objective: To evaluate the correlation of high-resolution 
computed tomography-based radiological predictors 
with the surgical ease of access to the round window 
membrane in cochlear implant surgery. 

Method: The systematic review was conducted from April 
2020 to May 2020 at the Aga Khan University Hospital, 
Karachi, and comprised literature search on PubMed, 
Cumulative Index of Nursing and Allied Health Literature-
Plus, Wiley Cochrane Library and Web of Science 
databases for studies published in the English language 
between January 2000 and January 2020 that followed 
the population-intervention-comparison-outcome 
model. The search was done using key words, such as 
high-resolution computed tomography, temporal bone, 
round window and cochleostomy. Studies dealing with 
paediatric and adult cochlear implantations were 
included. The included studies were subjected to risk-of-
bias assessment using the National Institute of Health 
study quality assessment tool for case series. The review 
was duly registered with PROSPERO.. 

Results: Of the 292 studies initially identified, 6(2%) were 
included for systematic review. Overall patient age 
ranged between 1-85 years. No significant use of facial 
recess width for defining intraoperative visibility could be 
found. The use of the distance between the round 
window and the facial nerve, the alpha angle, the angle 
beta and the prediction line were of significance. 

Conclusion: Radiological facial recess width had no 
significant use in determining the ease of access to the 
round window membrane.  
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Introduction 
According to a survey done in 1996 by the National 
Institute on Deafness and Other Communications 
Disorders, approximately 28 million Americans were deaf 
or hearing-impaired. The number, it was feared, could 
reach 44 million by the year 2020 and 73.5 million by 
2060.1 An epidemiological survey on deafness in the 
United States showed the prevalence to be as high as 1.1 
per 1,000 children, with 23% of this subset attributed to 
congenital causes. Over the years, both round window 
(RW) and cochleostomy approaches have been described 
in the literature, but the RW approach is used more often 
by cochlear implant surgeons as it limits damage to inner 
ear structures.2,3 The RW approach also makes the 
approach to scala tympani adequate with better 
outcomes in implantation. The RW approach also remains 
the most reliable avenue to access scala tympani.4,5 The 
surgical ease of access has been defined with specific 
reference points in different studies along with 
subsequent measurements.6 The difference in temporal 
bone and cranial measurements among different 
populations and age groups have been well documented 
.7 St. Thomas Hospital's classification of round window 
membrane (RWM intraoperative visibility is perhaps the 
most widely used system.8 This system divides the 
intraoperative RW visibility into three categories; fully 
visible, partially visible, and not visible. Further 
refinements in temporal bone radiological techniques 
hold promise for middle ear surgery.9 

 With the advent of high-resolution computed 
tomography (HRCT), preoperative measurements can be 
taken to evaluate for intraoperative ease of access to the 
round window niche (RWN). CT maintains its place as an 
important tool to evaluate middle ear anatomy and its 
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variations are important for successful implantation, 
especially in pre-lingual deaf children.10 

Kashio et al. in 2014 highlighted facial recess (FR) width 
for the assessment of the ease of access to RW. Since then, 
different authors have devised different radiological 
models for preoperative assessment.11-14 

The current systematic review was planned to present an 
overview of different RW predictive models available.  

Materials and Methods 
The systematic review was conducted from April 2020 to 
May 2020  at the Aga Khan University Hospital, Karachi 
and comprised literature search on PubMed, Cumulative 
Index of Nursing and Allied Health Literature-Plus 
(CINAHL-Plus), Wiley Cochrane Library and Web of 
Science databases for studies published in the English 
language between January 2000 and January 2020 that 
followed the population-intervention-comparison-
outcome model (PICO) model, where the population 
group was the patients undergoing cochlear implant 
surgery, the intervention was CT scan of the temporal 
bone, there was no comparison group, and intraoperative 
RW visualisation was the outcome. The key search terms 
were CT scan, computed tomography, HRCT, CT temporal 
bone, HRCT temporal bone, facial recess, posterior 
tympanotomy, round window, round window niche, 
cochlear implant, and cochlear implant surgery. 

The review was registered with PROSPERO 
(https://www.crd.york.ac.uk/PROSPERO/view/CRD420261
302451). 

The studies were screened by two independent 
reviewers. In case of disagreement, input from a third 
reviewer was sought. Data was collected on a 
predesigned data extraction sheet.  

Studies dealing with both paediatric and adult cochlear 
implantations were included. All the studies with 
preoperative HRCT scans and patients undergoing 
cochlear implant surgery were included. The studies 
included comprised candidates with normal temporal 
bone anatomy. All studies with measurements done on 
CT scans in an axial plane were included. 

Studies on anatomic models and cadavers were excluded, 
and so were case reports, non-English manuscripts, and 
letters to editors/correspondence. 

The risk of bias of the studies was evaluated using the 9-
item National Institute of Health (NIH) quality assessment 
tool for case series, which is used to assess bias in 
observational studies. For the purpose of the current 

review, a score of 7 or above indicated a low risk of bias, a 
score of 4-6 indicated a moderate risk, and a score of 3 or 
less indicated high risk. 

Results 
Of the 471 studies initially identified, 212(45%) were from 
PubMed, 172(36.5%) from Web of Science, 79(16.8%) 
from CINAHL-Plus, and 4(0.8%) from Cochrane Library, 
while 4(0.8%) studies were identified through manual 
search. On screening, 292(62%) studies were left after the 
removal of duplicates, and, of them, 6(2%) were selected 
for full-text review11-14,16,17 (Figure 1). Overall, 4(66.7%) 
studies showed a low risk of bias, and 2(33.3%) had a 
moderate risk (Table). Patients age across the studies 
ranged 1-85 years. 

FR width was measured as the vertical distance between 
the external auditory canal (EAC) and the leading edge of 
the facial nerve (FN) (Figure 2). It was analysed by 
4(66.7%) of the studies.11-14 The initial concept was that 
the greater the width of the facial recess, the greater will 
be the RW visibility. Before the widespread use of the RW 
approach, the relationship of FR in relation to the basal 

Figure-1: The study flowchart.
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Figure-2: Facial nerve (FN) width.

Figure-3:The alpha angle represented the angle between the mid-sagittal plane and 
the line passing through the cochlear basal turn.

Figure-4: The beta angle represented the angle between the cochlear basal (CB) turn 
and the external auditory canal (EAC) line.

Figure-5: Distance between the round window membrane (RWM) and the facial nerve 
(FN).

Figure-6: Distance between the basal turn and the facial nerve.

Figure-7: The prediction line.



turn of the cochlea was studied for ease of 
cochleostomy.15 

Kashio et al. retrospectively studied 70 ears undergoing 
cochlear implantation in adult and paediatric age 
groups.14 The FR width was measured perpendicular from 
the EAC to the anterolateral part of FN. A line was drawn 
from the centre of the RW, and another line was drawn 
from the junction of the bony-cartilaginous junction on 
the posterior wall and tympanic annulus. The angle was 
determined between these two lines as angle ‘a’. To 
predict RW visibility, a line was drawn from the EAC along 
the anterior aspect of FN and divided into anterior 20% 
visibility, middle 60% visibility, and posterior 20% 
visibility. The RW visibility was categorised as fully visible, 
partially visible, and completely invisible based on this 
categorisation. There were 15 ears with the anterior 
intersection of the prediction line that had an invisible, 
nearly invisible RWN. The FR width was 4.7 ± 0.9mm in 
invisible ears, 4.4 ± 0.8mm in partially visible ears, and     
4.9 ± 1.44mm in fully visible RWNs. FR width was not a 
predictor of RMN visibility.14 

Kang et al.13 did a retrospective review of 84 paediatric 
and adult ears for RW visibility through FR. They were 
successful in 70(83.3%) cases in the RW group compared 
to 14(16.7%) in promontory cochleostomy (PC) group. 
The median FR width in RW and PC groups was 3.17mm 
(interquartile range [IQR]: 2.46-4.85mm) and 3.24mm 
(IQR: 1.32-4.83mm), respectively. FR width was not a 
predictor of RWN visibility.13 

Fouad et al. studied 60 paediatric ears for RW visibility 
during cochlear implantation.12 The RW visibility was 
based on the St. Thomas Hospital classification system.8 
The mean FR width was 5.07 ± 0.85mm. FR width was not 
a predictor of RW visibility.12 

The alpha angle was measured between the mid-sagittal 
plane and the mid-cochlear basal turn joining with the 
leading edge of the FN (Figure 3) Sharma et al. and Xie et 
al. showed significant but contrasting results related to 
the alpha angle.16,17 In an interesting study by Jeffery et 
al,, a significant change in cochlear orientation related to 
sagittal orientation was found during foetal life, but this 
did not change much in later years of life.18 Sharma et al. 
studied 19 adult and paediatric patients for RW visibility 
using the St Thomas Hospital classification of RW 
visibility8. The mean angle measurement for type I fully 
visible RWM intraoperatively was 64.06. In contrast, the 
mean angle for type IIa and IIb, a partially visible or 
invisible RWM, was 63.81 and 56.48, respectively. The RW 
visibility decreased as the angle became more acute, and 
it was shown to be statistically significant.16 In contrast, 
Xie et al. studied 176 patients with cochlear implantation 
17, and reported the mean angle for the fully visible RWM 
group to be 60.7 ± 5.63°, and the mean angle for partially 
visible and invisible groups to be 63.42 ± 7.04° and 66.56 
± 9.05°, respectively. As the angles became more obtuse, 
the intraoperative RW visibility decreased.17 

The angle between cochlear basal (CB) turn and the EAC 
line was named the beta angle for ease of description 
(Figure 4). The angle has been defined as the intersection 
of EAC and a line passing through the middle of the basal 
turn. This angle was evaluated in three studies.12-14 Kashio 
et al/ drew a significant result with this radiological 
parameter. EAC angles were -0.5 ± 3.2°, 5.5 ± 4.7° and 13.4 
± 7.8° in ears with invisible/nearly invisible, partially 
visible, and fully visible RWN, respectively. As the angle 
increased the visibility of RWM increased.14 Kang et al. 
reported the median angle to be 1300° (IQR: 2.90-32.80°) 
in the RW visualised group whereas it was 7.4° (IQR: 6.1-
13.3°) for the PC group.13 The wider beta angle was a 
statistically significant predictor of RW insertion. Lastly, 
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Table: Assessment of the risk of bias in the studies analysed.

 Study Was the 
study 
question or 
objective 
clearly 
stated? 

Was the study 
population 
clearly and fully 
described, 
including a case 
definition?  

Were 
the 
cases 
conse-
cutive?

Were 
the 
subjects 
compar-
able?

Was the 
interven-
tion clearly 
described?

Were the outcome 
measures clearly 
defined, valid, reliable, 
and implemented 
consistently across all 
study participants?

Was the 
length of 
follow-up 
adequate?

Were the 
statistical 
methods 
well-
described
?

Were the 
results 
well-
described?

Chen et al -2019 11 Yes yes N/A Yes Yes Yes NA Yes Yes

fouad et al. 12 Yes Yes N/A Yes Yes Yes N/A Yes No

kang et al.13 Yes Yes N/A Yes Yes Yes N/A Yes Yes

Kashio et al.14 Yes Yes N/A No Yes Yes N/A Yes Yes

sharma et al.16 Yes Yes N/A Yes Yes Yes N/A Yes No

Xie et al. 17 Yes Yes N/A Yes Yes Yes N/A Yes Yes



Fouad et al. studied 60 paediatric ears.12 The mean angle 
measurement was 17.83 ± 12°. The finding did not draw 
any significant association between the beta angle and 
RW visibility. 

The RF distance has been described by Kang et al.13 and 
Fouad et al.12, and it is defined as the vertical distance 
between the anterior margin of FN and the RW (Figure 5). 
Both the studies reported a significant correlation 
between RW visibility and the distance on CT temporal 
bone preoperatively. The median distance reported by 
Kang et al. in the RW group was 2.78mm (IQR: 1.98-
4.65mm), whereas in the PC group it was 2.11mm (IQR: 
1.66-2.32mm). Fouad et al.12  reported that whenever RF 
was >4mm, the RW was visible (types 1 and 2), and when 
this distance was up to 4mm, the RW was invisible (type 
3). 

A significant correlation was found between the distance 
between the basal turn and facial nerve (BF) and the 
intraoperative RWM visibility by Kashio et al.14 and Fouad 
et al.12 (Figure 6). Kashio et al. observed a distance of 0.0 ± 
0.8, 0.7 ± 0.9 and 1.1 ± 07 mm for groups I, II and III, 
respectively14. Fouad et al.12 reported the mean distance 
to be 0.84 +/- 0.75mm (p=0.000419) in patients 
undergoing implantation in the paediatric age group. On 
the contrary, Kang et al13 failed to draw a positive 
correlation between the BF distance and RW visibility 
(p=0.981). 

A line parallel to the EAC line was drawn passing through 
the anterolateral edge of FN, and the relationship with 
RWM was assessed (Figure 7). This parameter has been 
discussed by Fouad et al.12 and Kashio et al.14 The former 
study did not find a significant association with this 
radiological predictor (p=0.25), and the prediction line 
passed posterior to RW in 92% of the cases. However, the 
latter concluded that the relationship of the intersection 
with RWM was categorised as an anterior, middle and 
posterior intersection where the extremes represented 
invisible and visible RWM, respectively. 

Discussion 
To our knowledge, the current review is the first 
comprehensive review of CT scan predictors of RW 
visibility for cochlear implantation, and identifies the 
commonly used predictors of RW on preoperative CT 
scan.  

The FR width is the commonest studied parameter, and 
the review identified three retrospective reviews 
addressing this measurement through HRCT of the 
temporal bone. Kashio et al. and Kang et al. reported on 
both adult and paediatric cochlear implant 

candidates13.14, while Fouad et al. studied this parameter 
on the paediatric population alone.12 FR was defined 
differently in all the three studies. Kashio et al. defined it 
as the perpendicular distance between the EAC line and 
the anterolateral part of the FN14, while Kang et al. defined 
it as the distance between FN and the chorda tympani13, 
and Fouad et al. described it as the distance between the 
tympanic annulus and the anterolateral part of the FN.12 
Lack of uniform description of the FR may contribute to 
minor differences in calculation. The reviewers are not 
sure how much difference this lack of uniformity may 
contribute to the results. In another review on 29 cochlear 
implant insertions, Bettman et al. could not establish a 
link between FR width and ease of insertion through 
RW.12-15 

The cochlear orientation to the sagittal plane has been 
studied in paediatric and adult patients. There has been a 
significant change in the orientation of basal turn with a 
sagittal plane in foetal life.18 This change has also been 
documented in later years of life.19 This increase in 
angulation possibly makes adult cochlear implantation 
easier than paediatric.8 The alpha angle was studied by 
Xie et al17 and Sharma et al.16 The former reviewed 176 
children and teenage implant recipients, while the latter 
studied 19 adult and paediatric patients. Both came up 
with a contrasting conclusion on EAC angle and ease of 
RW visualisation. The difference in results could be 
attributable to the use of oto-endoscope and the much 
smaller sample size in the study by Sharma et al.16,17 

The EAC angle measurements done by McRackan et al. 
were 20.55 degrees in children and 24.48 degrees in 
adults.20 In the current review, Kashio et al. and Kang et al. 
13,14 had significant results with better round visibility 
with wider EAC, and, hence, easy RW insertion. Both 
authors were working with a study population consisting 
of paediatric and adult implant recipients. On the other 
hand, Fouad et al. could not demonstrate a difference in 
EAC angle and RW insertion, which could possibly be 
because of a homogenous sample of paediatric ears 
only.12 

Distance between the RW and FN has been considered an 
important predictor of RW visualisation in both adult and 
paediatric groups in studies by Fouad et al.12 and Kang et 
al.13 A difference in RW-FN measurement in the two 
studies can be explained by the way the distance was 
measured. In Fouad et al.12, the distance was taken from 
the centre point of RW and through FN. In Kang et al13, the 
measurements were taken from the posterior edge of the 
FN and the RW. 

The distance between the cochlear basal turn and FN was 
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evaluated by Fouad et al. and Kashio et al.12,14, and both 
the studies rated the intraoperative ease of visibility as per 
the St. Thomas Hospital classification8 into four groups, 
while Kang et al.13 simply divided the intraoperative 
visibility into RW and PC groups. Fouad et al. and Kashio 
et al. concluded it was a statistically significant predictor 
of RW visibility.12.14 Kang et al.13 did not come up with BF 
as a possible predictor of RW visibility. This is possible in 
part owing to the measurement method. Kang et al. took 
an oblique distance between the CBT and FN, while 
Fouad et al. and Kashio et al. obtained a vertical BF 
measurement.12-14 

The prediction line was studied by Fouad et al. and Kashio 
et al. with contrasting results. Fouad et al. did not 
conclude any statistical significance of the prediction line 
with RWM visibility. Kashio et al. concluded that the 
relationship of the intersection with RWM was 
categorised as an anterior, middle and posterior 
intersection, where the extremes represented invisible 
and visible RWM, respectively. The more anterior the 
prediction line, the higher the chances of having an 
invisible RW, while the chances of RW visibility increased 
as the prediction line passed through the middle and 
posterior aspect of RW.12,14  

Even in extended RW approach, the level of hearing 
preservation has been reported to be moderate.21 Hence, 
whether a pre-curved slim modiolar or straight electrode 
is chosen, the RW approach is the desired choice for 
insertion. A preoperative assessment of the anatomical 
landmarks can help in decision-making and appropriate 
expectations in hearing preservation cochlear implants. 
21,22 

The current review comprehensively covers all the 
predictors that have been studied. However, there were 
certain limitations including the lack of segregation based 
on RWM versus niche visibility. The data reported by 
various authors differed, therefore, increasing the 
heterogeneity. Intraoperative visibility of RWM was not 
reported uniformly according to any one classification 
system. In addition, the majority of the studies under 
consideration evaluated the paediatric age group, and 
only a few studies also considered the adult population.11-

14,16,17 The current review could not identify any 
predictors for age groups due to limited data. 

Due to heterogeneity of the different predictors studied 
on preoperative CT scans and a variety of classifications of 
intraoperative RW visualisation, meta-analysis was not 
possible in the current review. Data heterogeneity also 
compromised the level of evidence in the studies 
included, and differences in defining the terminology. 

Some of the studies also differed in terms of design.  

The review is intended to streamline the existing 
literature and to guide prospective studies to make a 
direct comparison between existing variables in order to 
help the CI surgeons in nascence to better approach their 
patients. The review can also form the basis of improved 
preoperative counselling by surgeons to appropriately 
explain risks, and to eventually improve the process of 
informed consent.  

Conclusion 
FR width had no significant use in defining intraoperative 
visibility. Furthermore, the use of the distance between 
RW facial nerve (RF), the alpha angle, the beta angle, and 
the prediction line were found to be of significance. These 
parameters can add to the quality of preoperative surgical 
planning, can help in preoperative counselling, direct 
future studies, and improve intraoperative anticipation of 
landmarks.  
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