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Introduction

Treatment for cholesteatoma is surgery via mastoidectomy 
or an end-aural approach, except in the medically frail 
patient. A recognized major disadvantage of canal wall 
up mastoidectomy (as compared to a canal wall down 
procedure) was the high rate of recurrent or residual 
cholesteatoma, reported in 6–57% of cases, leading 
to the common practice of a ‘mandatory’ second-look  
procedure (1). In a more recent study, Neudert et al. 
report a similar residual and recurrence rates for canal 
wall up and canal wall down procedures (2). Therefore, 

although ‘mandatory’ second-look procedures have been 
common practice in patients who have undergone canal 
wall up surgery for cholesteatoma, it is now becoming 
increasingly difficult to justify this in asymptomatic 
patients (3). However, in cases where there is suspicion 
for residual or recurrent cholesteatoma, disease may not 
be easily detectable through standard clinical evaluations. 
Furthermore optimal pre-operative planning may be 
impossible if size and location of recurrent or persistent 
disease is not known.

With the aim of finding a radiological alternative to 
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elective “second look” surgery, the diagnostic accuracy 
of multiple imaging techniques in the post-operative ear 
has been assessed in the published literature. Computed 
tomography (CT) of the temporal bones has a high negative 
predictive value (NPV) for identifying cholesteatoma only 
if the middle ear and mastoid are completely pneumatized 
and there is no abnormal soft tissue attenuation in these 
locations (4). In the post-operative ear, CT cannot 
distinguish well between residual cholesteatoma and other 
soft tissue pathology such as granulation, inflammation, 
fibrosis or effusions (5). Different MRI techniques have 
also been evaluated. Initially delayed gadolinium-enhanced 
T1-weighted MRI was found to have improved diagnostic 
accuracy as relative to CT , but this technique has been 
shown to be inaccurate for distinguishing cholesteatoma 
and fibrosis (4,6). Non-echo-planar diffusion weighted 
MRI (NEDWI) combined with T2 weighted imaging 
acquisition using HASTE (half-Fourier acquisition single-
shot turbo spin-echo) has been shown to be more accurate 
in diagnosing cholesteatoma within the post-operative ear 
than the standard echo-planar diffusion weighted imaging 
(EPDWI) routinely used to identify acute stroke (7). The 
NEDWI technique permits spatial resolution of 2 mm and a 
lack of artefacts that make conventional EPDWI unhelpful 
in areas of the head containing air spaces and bone (8,9).

To date, diagnostic accuracy of the NEDWI technique 
has been variably reported as seen in Table 1 (10-20). A 
systematic review in 2011 evaluated NEDWI compared to 
EPDWI and in 8 studies including 207 patients prior to 
“second look” surgery, combined sensitivity for NEDWI 
was 91%, specificity 96%, positive predictive value 97% and 
NPV 85% (7). It was concluded in this review that although 
this was a promising diagnostic tool, further studies were 
needed (7). Studies performed since then have reported a 
range of sensitivities from 76–100% and specificities from 
66.7–100% (10,15,17,19) (Table 1). However, in all but one 
of these studies, surgical findings, and not histopathology, 
were the gold standard. In addition, in some studies, the 
surgeon was either not blinded to the result of NEDWI or 
this detail was not reported (14,18,20).

This introduces the possibility of bias in the reporting 
of diagnostic accuracy due to real or potential lack of 
independence of the reference and index tests as well as 
choice of an inappropriate gold standard in that surgically 
reported foci of cholesteatoma are likely to be less than 
those revealed at histopathological examination of material 
removed at surgery. In addition, there has been no study 
of the clinical impact on decision making of performance 

of NEDWI prior to surgery and in particular whether 
performance of NEDWI affects the decision to operate at 
all or the nature of the surgical procedure.

The aim of the current study was to:
(I)	 Prospectively determine the diagnostic accuracy 

of NEDWI in detecting residual or recurrent 
cholesteatoma with initial blinding of the operating 
surgeon to the imaging findings and;

(II)	 Assess the possible impact of NEDWI on the 
surgeon’s pre and intra-operative decision-making in 
cholesteatoma treatment.

Our hypothesis was that NEDWI is highly accurate 
for diagnosis of recurrent or residual cholesteatoma of the 
middle ear cleft including the epi- and hypotympanum. 
Furthermore, it was our secondary hypothesis that such a 
highly accurate imaging study would impact on surgical 
behaviour in two ways: 

(I)	 By helping to avoid ‘unnecessary’ second look 
surgery in patients with no imaging evidence of 
cholesteatoma and no other clinical indication for 
surgery;

(II)	 By providing peri-operative planning information in 
cases where residual or recurrent disease is identified 
that would influence a surgeon’s intra-operative 
behaviour. 

Methods

This study was a prospective, blinded, multicentre cohort 
study. Ethics approval was obtained from each institution’s 
human research ethics  committee  (HREC).  The 
QUADAS tool was used to inform the study design (21).  
A sample size calculation was performed (22) using the 
expected sensitivity and specificity of 90% and a lower 
limit of the 95% confidence interval of 85%. To identify 
a clinically appropriate lower confidence limit, a survey of 
otolaryngology consultants was undertaken which asked 
the lowest sensitivity/specificity of an MRI the surgeon 
would accept for a clinically significant decision making 
tool. The survey responses ranged from 75–100% and the 
lower confidence limit of 85% was subsequently chosen 
to be effective. Assuming a normal approximation to the 
binomial distribution and using the above parameters, it 
was found that 100 patients would be required with an 
additional 10% (10 patients) to account for the possibility 
of loss of patients who underwent solely MRI or surgery 
following recruitment. Patients were recruited from the 
otolaryngology outpatient clinics of both Monash Health 
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and Alfred Health networks in Melbourne, Australia. 
Included in the study were consecutive patients booked 
for second look mastoid surgery regardless of indication. 
Patients were excluded if they had a contraindication to 
MRI, were scheduled for MRI but did not have it for any 
reason, if they did not proceed to surgery, if informed 
consent could not be obtained, or if the surgical procedure 
was abandoned or cancelled.

Imaging protocol

A Siemens Avanto (Erlangen, Germany) 1.5T MRI scanner 
was used. Turbo spin non echo-planar diffusion weighted 
imaging (NEDWI) sequences were acquired in the coronal 
and axial plane using a 220 cm field of view and 2 values 
of the diffusion gradient: 0 and 1,000. The images were 
analysed and reported by a single, blinded consultant 
head and neck radiologist with experience and expertise 
in temporal bone imaging. The imaging report employed 
a standardized template. This included whether it was a 
positive or negative study, and, if positive for cholesteatoma, 
the size of the cholesteatoma and its anatomical location. 
Cholesteatoma is diagnosed when a mass with marked 
hyper-intensity (sometimes referred to as “light bulb 
brightness”) is seen in the middle ear cleft, external canal, 
attic, or mastoid cells when compared with the signal 
of brain tissue on NEDWI obtained with a b factor of  
1,000 sec/mm2.

Surgical procedure

Each patient underwent their initial ‘second-look’ surgery 
according to the pre-operative clinical findings and plan. 
This would routinely involve a revision canal wall up 
tympanoplasty, further disease clearance or reconstructive 
procedure as indicated.

At the point at which the surgeon deemed the operation 
to be complete, but prior to closure of the wound, the pre-
operative NEDWI MRI report was then revealed and the 
report was read to the still scrubbed surgeon. The surgeon 
was then allowed to perform further surgery as desired 
based on the findings in the report and his own clinical 
judgement, or proceed directly to wound closure.

Peri-operative surgeon surveys

In order to qualitatively assess the impact that knowledge 
of the results of a pre-operative NEDWI MRI might have 

on a surgeon’s decision making and behavior, a simple, 
pre-operative and post-operative survey was designed. 
The pre-operative survey (Figure 1) included questions 
with categorical and dichotomous responses, designed to 
elicit the clinical pre-test probability of the presence of 
cholesteatoma, and the influence of this probability on the 
surgeons’ decision to proceed to surgery. The post-operative 
survey (Figure 2) was again designed to elicit the clinical 
pre-test probability of the presence of cholesteatoma, but 
with the addition of the operative findings. It also examined 
any change in that probability once the MRI result was read 
by the surgeon (when the results of the MRI report were 
revealed after the surgery), and whether this additional 
knowledge had an impact on operative actions. 

Patient flow

All patients in the study received NEDWI MRI imaging 
prior to surgery with the intention of surgery occurring 
within 6 weeks of imaging. This was thought to be an 
optimal time delay between imaging and surgery that 
would reduce the likelihood of interval development of 
cholesteatoma after imaging but before surgery that could 
confound our assessment of NEDWI diagnostic accuracy.

The patient and surgeon were blinded to the MRI result. 
The pre-operative survey was completed by the operating 
surgeon, immediately prior to the operation. The post-
operative survey was completed by the surgeon immediately 
after the surgery was completed. A specimen was taken 
from the representative area of the operative cavity in every 
case and histology was reported. The pathologist was aware 
of the indication(s) for surgery but not the NEDWI MRI 
result. A positive diagnosis of cholesteatoma of any size 
on histology was the reference standard against which the 
imaging diagnosis (index test) was measured. 

Data were maintained in a password protected database 
using Excel (Microsoft, USA). Stata IC 10.0 (College 
Station, TX, USA) was used for statistical analysis. 

Results

Patients

The study was conducted at two institutions. Patients were 
recruited from one institution in the period between June 
2011 and June 2015 and from the other between June 2012 
and June 2015. Of an initial group of 31 recruited subjects, 
6 were excluded (4 did not undergo surgery, 1 patient had 
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Figure 1 Pre-operative survey.

Figure 2 Post-operative survey.
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no histology taken and 1 patient did not undergo MRI). 
In total there were 25 patients and 28 operations analysed, 
with 3 of the cases having repeat revisions, each revision 
being preceded by MRI. There were 7 females and 18 males 
aged 11–61 years (mean 38). There were 3 children and  
22 adults. There was a median of 68 days from MRI to 
surgery (4–211 days). The median time between initial 
operation and second look operation was 641 days (366 to 
3,492 days), or 1.76 years.

The survey response rates  were 100% for  the 
preoperative survey and 75% for the postoperative survey. 

Non-EPI DWI MRI and histology both confirmed 
cholesteatoma in 5 cases (true positives) (Table 2). There 
were 2 false positive, 6 false negative and 15 true negative 
cases. Sensitivity was 45.45% (95% CI: 16.75–76.62%), 
specificity was 88.24% (95% CI: 63.56–98.54%), positive 
predictive value was 71.43% (95% CI: 29.04–96.33%) 
and NPV was 71.43% (95% CI: 47.82–88.72%). Overall 
accuracy was 71% (95% CI: 52.94–84.75%).

When subgroup analysis was performed on those with 
disease greater than 3 mm on histology, sensitivity was 
80% (95% CI: 28.36–99.49%), specificity was 88.24% 
(95% CI: 63.56–98.54%), positive predictive value was 
66.67% (95% CI: 22.28–95.67%) and NPV was 93.75% 
(95% CI: 69.77–99.84%).

The preoperative survey found that in 56% of cases, 
the surgeon’s pre-operative suspicion of cholesteatoma 
was ≤30% (i.e., very low suspicion, and in 28% of cases, 
suspicion of cholesteatoma was >85% (i.e., very high 
suspicion). The remaining 16% of cases were between 51–
85% pretest probability clinically).

It also showed that the surgeon would have operated in 
96% of cases even if shown a negative MRI for that patient 
(with an assumption that the MRI was >85% sensitive). 
In these cases, the indications for surgery were: persistent 
clinical concern for cholesteatoma, (36%), the need 
for ossicular chain reconstruction (48%), and tympanic 
membrane perforation or discharge (18%).

The postoperative survey found that after operative 
assessment and before MRI findings were revealed, the 
likelihood of cholesteatoma was reported as ≤30% in 
74% of cases and >85% in 26% of cases. These results 
were unchanged when compared to those reported after 
the operative assessment and after the MRI findings were 
revealed to the surgeon intraoperatively following initial 
surgical exploration. The clinical course of the operation 
was changed by MRI in one patient, or 5.26% of cases, 
where the MRI findings prompted the surgeon to re-explore 
the pro-tympanum of the mastoid cavity. This disease had 
not been appreciated prior to reviewing the MRI report and 
images intra-operatively and this additional cholesteatoma 
was removed).

Although not part of our a priori study objectives, three 
of our study subjects had sub-clinical disease diagnosed 
in the contralateral ear. In one case, the patient became 
symptomatic in that ear later and was treated accordingly. 
The other cases were asymptomatic and subsequently 
managed with serial MRIs to monitor disease progression. 

Discussion

The diagnostic accuracy of non-EPI DWI MRI held 
true to the previously published literature only when 
cholesteatoma size greater than 3 mm were analysed. When 
all cases including five cases under 3 mm were analysed, 
the diagnostic accuracy was significantly lower than other 
reported data.

In our cohort of patients, Non-EPI DWI MRI identified 
5 true positives and 2 false positives. The 2 total false 
positives were both reported as being <5 mm in size, and 
were likely due to partial volume averaging of the signal 
compared to nearby darker tissue. Of the 6 total false 
negatives, 5 were disease under 3 mm. In 4 of these 5 the 
surgeon had suspected the presence of disease. The other 
false negative was a cholesteatoma comprising an epithelial 
lining without matrix contents. It may be that the lack of 
material within the epithelial lining reduced the diffusion 
restriction produced by the lesion and thus its visibility.

Thus, using a 1.5T scanner and NEDWI sequence, the 
caveat that disease less than 3mm may be missed is evident. 
This is consistent with current literature as seen in Table 1.  
While improved signal to noise and spatial resolution 
may be achieved with a 3 Tesla scanner, a recent study of  
39 patients with suspected cholesteatoma by Lincot et al. 
found no difference in diagnostic accuracy of NEDWI 
when performed at 3Tesla when compared with 1.5T 

Table 2 Comparison of non-echo-planar DW MRI (NEDWI) 
findings to histological findings of all disease sizes

NEDWI findings
Cholesteatoma 

present (n)
Cholesteatoma  

absent (n)

NEDWI positive (n) 5 2

NEDWI negative(n) 6 15

n, number of cases.
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strength NEDWI (23).
The question remains whether the level of diagnostic 

accuracy of NEDWI as measured in our study, and that which 
exists in the literature overall, is sufficient to change the decision-
making of clinicians, which may be influenced by other issues 
such as lack of belief in the safety of non-operative surveillance 
strategies and financial incentives that favour surgery.

In our study, there was little impact of an accurate 
diagnostic test on clinical decision-making regarding 
post canal wall up mastoidectomy patients, with the 
overwhelming majority (93%), requiring second look 
surgery in the opinion of the operating surgeon, despite a 
negative MRI result.

In approximately one third of patients, who had no 
other indication for surgery but surveillance, we would 
have expected that a negative NEDWI may have altered 
this decision and the reason(s) for the lack of influence on 
decision making in this situation are unclear as these were 
not specifically elicited by our survey instrument.

In the other two thirds of patients, the NEDWI result 
was largely irrelevant as the indication for surgery was 
for non-cholesteatoma reasons such as ossicular chain 
reconstruction, or myringoplasty.

Thus, the Non-EPI DWI MRI has its greatest potential 
clinical impact and cost savings, in terms of reducing 
unnecessary surgery when negative, and when there is no 
other clinical indication for revision ear surgery. We suggest 
a follow up non-EPI DWI MRI at one year given the 
limited NPV noted in this study.

We found that NEDWI may be useful to direct the 
surgeon to find a small cholesteatoma that would otherwise 
be missed; however, this occurred in only one patient, making 
it questionable whether this justifies the cost of performing 
NEDWI as a routine in all patients scheduled for second look 
surgery. In addition, three other patients had asymptomatic 
disease identified in the contralateral ear. In one case, this 
became symptomatic and was treated. It was beyond the 
scope of our study to determine whether surveillance of the 
unoperated ear, which does not add to the cost or duration of 
the MRI, improved overall patient management.

In additional to the post-operative Canal-wall-up 
mastoidectomy patients, NEDWI has potential applications 
in other clinical groups such as post-mastoid obliteration 
patients (24).

A limitation of this study is the inherent bias introduced 
with the pre-operative and post-operative surveys. We 
attempted to reduce the impact of this bias by ensuring the 
surgeon completed the pre-operative survey well before the 

commencement of the operation, and the post-operative 
survey was completed immediately after the operation. 
The NEDWI MRI report was revealed after the surgeon 
verbalized that the operation was complete, so that surgical 
decision making could not be influenced by the report. In 
addition, a single surgeon performing all cases allowed a 
level of consistency in decision making logic.

We propose the use of non-EPI DWI as the imaging 
modality of choice to firstly diagnose and localize residual 
or recurrent disease and to distinguish it from non-
cholesteatoma changes that can appear identical on both 
CT and standard MRI that does not employ NEDWI 
techniques. It is our view that both symptomatic and 
asymptomatic populations should undergo MRI and current 
literature suggests 6–12 monthly surveillance NEDWI is 
appropriate, given the natural history of the disease process 
and lesser sensitivity of NEDWI for cholesteatoma deposits 
less than 3 mm in size (15). We consider yearly MRI and 
clinical surveillance alone as the optimal management 
pathway for postoperative, asymptomatic canal wall up 
patients with no other indication for second look surgery 
(Figure 3). We propose two post-operative MRI scans, 
each a year apart. The second scan is to identify any small 
recurrences that might have been missed on the first MRI 
one year post surgery, given the diagnostic size limitations 
identified in the current paper. This management plan is 
complementary to the clinical pathways proposed by Keeler 
et al. in a recently published literature review (3), and could 
reduce the number of unnecessary ‘mandatory’ second-look 
procedures.

Strengths of the study include its prospective design, 
independence of the index test (MRI) and reference 
standards (surgery, histology), initial blinding of the 
operating surgeon to the MRI result, the use of histology 
rather than surgery alone as a reference standard in all 
cases, and inclusion of subjects on the basis of their need for 
surgery and not as a result of an MRI finding. Limitations 
of the study included a relatively long time lapse in some 
cases between MRI and surgery that could have resulted in 
growth of cholesteatoma during that interval, reducing the 
sensitivity of MRI, and the use of a single surgeon for the 
clinical impact surveys. Although the study period spanned 
4 years, recruitment of eligible patients was challenging, 
resulting in a failure to achieve the desired sample size, 
resulting in widened 95% confidence intervals around our 
point estimate of sensitivity and specificity of NEDWI for 
cholesteatoma. Furthermore, the nature of the study design, 
in order to ensure histology in every case, may have resulted 
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in selection bias and an unrepresentative patient population. 
Finally, the tertiary hospital otology services where this 
study was conducted are more likely to have patients with 
indications for second look surgery other than simple 
surveillance of disease, such as ossicular chain reconstruction, 
than would otorhinolaryngology non-tertiary practice and 
this may have resulted in biased estimation of the influence of 
NEDWI on surgical decision-making.

Avenues for further research in this patient group include 
surveillance of asymptomatic patients with serial MRI to 
assess the clinical course of an asymptomatic cholesteatoma 
recurrence in an operated ear and also the natural history 
of progression of cholesteatoma where it is found in the 
contralateral ear where no operation has been performed. 
This would help to inform the optimum interval between 
surveillance NEDWI studies, potentially saving costs. Further 
clinically relevant research topics relating to appropriate 
utilization of NEDWI include the appropriate duration 
of clinical follow up in an asymptomatic post-operative 
patient and an assessment of an appropriate surveillance/
management pathway in the paediatric population.

Conclusions

Our study demonstrated a similar diagnostic accuracy for 
NEDWI in the diagnosis of cholesteatoma in the post canal-
wall up ear, to that reported previously in the literature 
in other cohorts of patients, with sensitivity falling as size 
decreases below 3 mm. However, performance of NEDWI 

had a low impact on the clinical decision-making process in 
our cohort of patients, in part due to the high proportion 
of patients who were being offered surgery due to the need 
for myringoplasty and ossicular chain reconstruction rather 
than surveillance of disease alone. We believe NEDWI is 
sufficiently accurate to be used as a “radiological second look” 
in the asymptomatic postoperative ear, the asymptomatic but 
diseased contralateral ear and in an obliterated mastoid ear.
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