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ABSTRACT 

Objective: The aim of this prospective study to evaluate the role of HASTE-DWI in the diagnosis of recurrent 

cholesteatoma following canal wall up mastoid surgery.  Method: Fifteen patients with suspected cholesteatoma 

recurrence underwent non-echo-planar HASTE–DWI and non-contrast conventional MRI imaging. Radiological 

findings were correlated with second-look intraoperative findings in all patients. Result: HASTE-DWI overall 

sensitivity and specificity for detection of recurrent cholesteatoma were 87.5% and 100%, respectively. Positive 

predictive value and negative predictive value were 100%and 88.9 %, respectively. Conclusion: HASTE- DWI is 

a reliable method for detection of recurrent cholesteatoma following canal wall up mastoid surgery that minimize the need for 

unnecessary second-look operation. 
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INTRODUCTION 

 

Surgical management is considered the main 

line treatment of Middle ear cholesteatoma. Surgeons 

prefer to do Canal wall up surgery as it has many 

advantages during follow up of patients. However, it 

is usually associated with high rates of recurrence 

and residual cholesteatomas especially when primary 

cholesteatoma located either in hypotympanum or 

sinus tympani [1, 2]. Residual or recurrent disease 

can be detected by clinical examination. However, 

the second-look operation is usually advised by most 

of the surgeons to detect residual or recurrent disease 

[3]. 

Traditionally, primary cholesteatoma was 

diagnosed by High resolution computed tomography 

(HRCT) for detecting the location and extent of 

disease. However, High resolution computed 

tomography has a limited role in differentiation 

residual or recurrent cholesteatoma from post-

operative granulation tissue in surgical bed, 

following mastoidectomy [4, 5]. However, diffusion-

weighted magnetic resonance imaging (DW-MRI) 

with either echo-planar or non-echo-planar imaging 

technique has a reliable role in differentiation 

residual or recurrent cholesteatoma from post 

mastoidectomy granulation tissue [6, 7]. 

Brownian motion of water molecule within the 

tissues is the basic for Diffusion-weighted imaging 

techniques [8]. Diffusion-weighted single-shot spin-

echo echo-planar sequences is a reliable method for 

detection of primary or recurrent cholesteatoma. 

However, susceptibility artifacts in the temporal bone 

region are considered The main drawback of this 

technique. These artifacts can be largely reduced by  

HASTE DWI technique [9–10].   
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The aim of this prospective study to evaluate 

the role of HASTE-DWI in the diagnosis of recurrent 

cholesteatoma following canal wall up mastoid 

surgery. 

 

MATERIALS AND METHODS 

 

After the approval of our ethics committee and 

obtaining informed consent from all patients,  

Patients 

Fifteen patients (7 females and 8 males) and 

their ages ranged from 15 to 60 years with a mean 

age of 37 years were included in this study between 

August 2013 and June 2015. Included patients in our 

study showed either computed tomography 

opacification in post-operative bed or clinical 

symptoms of recurrence including post-operative 

pain, discharge or gradual hearing loss. 

Imaging technique 

All patients underwent MRI in a 1.5 Tesla 

scanner (Magnetom Symphony, Siemens, Erlangen, 

Germany) with an adapted protocol for 

cholesteatoma detection that included axial fast SE 

T2-weighted imaging (TR, 3203 ms; TE, 102 ms;), 

coronal fast SE T2-weighted imaging (TR, 3790 ms; 

TE, 102 ms;) axial FLAIR imaging (TR 9000 ms; 

TE, 145 ms, TI 2200,), axial FSE T1-weighted 

imaging (TR240 ms; TE, 10.3 ms;), axil three-

dimensional CISS (constructive interference in 

steady-state) sequences (TR, 11.22 ms; TE, 5.61 ms; 

matrix, 416−512; section thickness, 1 mm; field of 

view, 170×220 mm) and coronal HASTE 

(halfFourieracquisition singleshot turbospinecho) 

DWI (TR2000,  TE 147 ms; b-factor 0, 1000). The 

mean interval between the mastoidectomy operation 

and the MRI assessment was 11 months. 

Imaging evaluation 

The imaging data were examined by 2 well-

trained radiologists that unaware by patients clinical 

information for The lesions distribution, extent and 

MR signal pattern. Lesions that showed 

hypointensity in T1-weighted images, hyperintensity 

on T2-weighted images and HASTE-DWI were 

diagnostic of recurrent cholesteatoma (Fig. 1) while 

lesions that showed hypointensity in T1-weighted 

images, hyperintensity on T2-weighted images and 

isointensity on HASTE-DWI were diagnostic of 

granulation tissue without  cholesteatoma recurrence 

(Fig. 2).   

 

Figure 1: MR images of a 16 year old girl with recurrent cholesteatoma in the right middle ear following canal wall-up 

mastoidectomy. Operative bed shows area of altered signal intensity being hypointense in Axial T1W SE (a) and 

hyperintense in axial and coronal T2W SE image (b and c)that shows markedly high signal intensity in HASTE-DWI image 
(d)  denoting diffusion restriction .  
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Figure 2: MR images of a 34 year old man with Post-operative granulation tissue in the right middle following 

canal wall-up mastoidectomy. Operative bed shows area of altered signal intensity being hypointense in Axial 

T1W SE (a ) and hyperintense in axial and coronal T2W SE image (b and c) that shows  no high signal intensity 

in HASTE - DWI image (d)  denoting  no diffusion restriction . 

 

Gold standard 

All patients were scheduled for revision surgery 

within 2 or 3weeks following MRI examination and 

the intraoperative and histopathological findings 

were documented. 

Statistical evaluation 

The intraoperative and histopathological 

findings were compared to the imaging results with 

regard to the presence, location and maximum 

dimensions of cholesteatoma. The sensitivity, 

specificity, positive and negative predictive values of 

different MR sequences in the detection of recurrent 

cholesteatoma were assessed using SSPS.  

 

RESULT 

 

Our study included fifteen patients (7 females 

and 8 males) and their ages ranged from 15 to 60 

years at the time of presentation. All patients showed 

clinical or CT signs of recurrence following Canal 

wall up surgery for cholesteatoma. HASTE-DWI 

accurately detected the presence of recurrent 

cholesteatoma (Fig.1) In 6 of 7 pathologically proved 

cases and two of them (40 %) were right sided and 

rest four cases (60%) were left sided. All cases of 

recurrent cholesteatomas displayed high signal 

intensity on HASTE-DWI. The average size of 

cholesteatomas detected by HASTE-DWI was ±4.2 

mm. One cholesteatoma case undiagnosed by 

HASTE-DWI due to its small size measuring about 3 

mm and considered as a false negative case while no 

cases were misdiagnosed as cholesteatoma so there 

were no false positive cases in our study. 

Cholesteatoma was not diagnosed in the remaining  8 

cases (53.3%) 5 were right sided and 3 were left 

sided .All of them showed low to faint signal 

intensity on HASTE-DWI and proved to be 
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granulation tissue, fibrosis, and/or secretions on 

histopathology examination.  

Overall sensitivity and specificity for detection 

of recurrent cholesteatoma were 87.5 % and 100 

%, respectively. Positive predictive value and negativ

e predictive values were 100 % and 88.9 %, 

respectively (see Tables 1). 

 

Table 1: Overall results of HASTE- DW I combined 

with non-contrast conventional MRI imaging in 

evaluation of recurrent  cholesteatoma . 

Sensitivity 87.5 % 

Specificity 100 % 

Positive predictive value 100 % 

Negative predictive value 88.9 % 

 

DISCUSSION 

 

Differentiation of recurrent cholesteatoma from 

granulation tissue in surgical bed following middle 

ear surgery is very important for subsequent 

management. Unfortunately, Conventional CT scan 

and MRI are an unreliable method for differentiation 

both entities from each other's  [6,11].  

MRI with gadolinium injection allows a good 

differentiation between granulation tissue and 

cholesteatoma; As cholesteatoma, being not 

vascularized do not show contrast uptake, while 

granulation tissue is poorly vascularized and showed 

delayed contrast enhancement about 45 minutes after 

contrast material administration, but it is time-

consuming technique [12]. 

Recurrent cholesteatoma can be easily 

differentiated from post-operative granulation tissue 

by using Diffusion-weighted MRI. Cholesteatoma 

displays hyperintensity on diffusion-weighted MR 

images while other tissues that can be detected in 

post-operative bed like granulation tissue, serous 

fluid or fibrous tissue display hypointensity on 

diffusion-weighted MR images [13]. 

Non-echo-planar DWI is better than echo-

planar DWI techniques in the diagnosis of recurrent 

cholesteatoma following middle ear surgery as it has 

a better spatial resolution of lesions at petrous bone 

as it less susceptible to artifacts induced by an air-

bone interface  [6,14]. 

In this study, we used HASTE-DWI technique 

that allowed correct diagnosis 6 of 7 pathologically 

proven cholesteatomas. They displayed high signal 

intensity on HASTE-DWI and the one missed case 

was due to its small size (3 mm).   

False positive results of cholesteatoma can 

result from other structures or tissues that can induce 

high signal intensity in Diffusion-weighted imaging 

in the area of the petrous bone like Susceptibility 

artifacts at the air-bone border at petrous bone or 

infected collection at post-operative bed [15, 16]. 

In this study, all 8 cases of non cholesteatoma 

were correctly excluded by HASTE-DWI. They 

displayed low signal intensity on DWI and no false 

positive cases were detected in our study in contrast 

to Fitzek et al. [9] described one case following 

operation of primary cholesteatoma and showed 

diffusion restrictions on DWI at operative bed and  

histologically proved to be related to acute otitis 

media without detected recurrent cholesteatoma  and 

considered as false positive case and this may be due 

to high proteinous content or pus associated with 

acute otitis media that showed diffusion restriction 

on DWI. Moreover, two false positive cases were 

described by Dremmen et al. [17] and showed lesions 

of high signal intensity on DWI. These two cases had 

a history of transplanted fat in the postoperative 

cavity which turned to be responsible for 

hyperintensity on DWI and this can be confirmed by 

associated T1-weighted images hyperintensity of 

these lesions denoting its fatty nature. This can 

explain the important role of the combination of 

conventional MRI to DWI for the diagnosis of such 

lesions and avoid false positive cases. 

In our study, No false positive cases were 

detected and that can be explained by adequate 

drainage of post-operative bed and administration of 

local and systemic antibiotics that ensures 

eliminating infection in the post-operative bed in our 

patients.  

In our study, HASTE-DWI technique showed a 

sensitivity of 87.5%, specificity of 100%, positive 

predictive value of 100% and negative predictive 

value of 88.9%. Unnecessary second-look surgery 

following cholesteatoma operation can be avoided 

due to high specificity and negative predictive value 

for HASTE-DWI technique in the diagnosis of 

recurrent cholesteatoma. 

One false negative case was detected in our 

study due to the small size of recurrent 

cholesteatoma in post-operative bed and so false 

negative cases should undergo follow up especially 

on clinically suspected cases to rule out growing 

small recurrent cholesteatoma and even second-look 

operation may be needed. 

The small number of cases is a limiting factor 

in our study. A second limiting factor was that 

Lesions less than 3 mm not evaluated in our study. 

So, further studies should be done to investigate the 

role of HASTE-DWI in the detection of small 

recurrent cholesteatoma less than 3 mm.  

 

CONCLUSION 

 

HASTE-DWI is a reliable method for 

evaluation of recurrent cholesteatoma following 

canal wall up mastoidectomy that minimize the need 

for unnecessary second-look operation.   
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