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ABSTRACT

Introduction: We sought to compare in vivo and ex vivo 
spectral properties of a recurrent middle ear and mastoid 
cholesteatoma.

Case Report: A 25-year-old male with clinically 
suspected recurrent cholesteatoma four years after a 
canal wall up mastoidectomy was consented for the study. 
He underwent preoperative computed tomography (CT) 
imaging of the temporal bone on a Photon Counting CT 
scanner followed by right tympanomastoidectomy with 
cholesteatoma removal. The cholesteatoma specimen was 
separated into mastoid and middle ear samples that were 
packed in two centrifuge tubes and placed in a phantom 
to scan on a dual energy computed tomography (DECT) 
scanner. Following post-processing, regions-of-interest 
(ROIs) were placed on pre- and post-operative images 
and iodine densities were compared. On in vivo images, 
iodine densities were 0.9 mg/mL in a mastoid ROI, 0.3 
mg/mL in an aditus ad antrum ROI, −0.7 mg/mL in a 
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middle ear ROI and 0 mg/mL in a right cerebellar ROI 
(used as reference). On ex vivo images, iodine densities 
were 0.1 mg/mL in both the mastoid and tympanic 
specimens.

Conclusion: In vivo cholesteatoma iodine densities 
differed based on location. The mastoid iodine density 
was higher than ex vivo cholesteatoma iodine densities, 
which may reflect a combination of beam hardening 
artifact on in vivo images, sample rinsing before transfer 
to the centrifuge tubes, and different scanners used 
for in vivo and ex vivo images. Additional research is 
needed to better understand variations in in vivo and ex 
vivo findings to facilitate accurate dual energy spectral 
analysis.
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INTRODUCTION

Cholesteatomas are collections of keratin debris, a 
perimatrix consisting of subepithelial connective tissue of 
varying thickness, and matrix lining of stratified squamous 
epithelium located most often within the middle ear and 
mastoid bone [1, 2]. Bone resorption in areas adjacent 
to a cholesteatoma is common, resulting from recurrent 
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infections and inflammatory reactions [2]. They are 
most commonly classified into congenital and acquired 
categories, reflecting differences in underlying etiology 
[2]. While both categories differ in terms of clinical 
presentation and location, surgical excision remains the 
mainstay of treatment for both [2, 3]. Imaging is not 
required for diagnosis; however, it can provide important 
insight into disease extent and severity to facilitate pre-
operative planning and detection of recurrence [2].

Magnetic resonance imaging (MRI), particularly 
diffusion-weighted imaging (DWI), is more specific for the 
diagnosis of cholesteatoma than computed tomography 
(CT) and better differentiates residual and recurrent 
cholesteatoma from granulation tissue in post-operative 
patients [4, 5]. However, MRI has less utility for surgical 
planning due to limited bone detail [6]. Undergoing both 
MRI and CT may delay management and increase costs. 
Computed tomography, despite having high sensitivity 
for soft tissue density in the middle ear, continues to 
struggle differentiating cholesteatoma from granulation 
tissue and cholesterol granulomas [6].

Prior investigations of CT characteristics 
differentiating cholesteatoma from these other soft 
tissue densities have had mixed results. A difference 
in Hounsfield units between cholesteatoma and 
inflammatory granulation tissue in the mastoid antrum 
has been described; however, this has not been replicated 
in other studies [7–9]. With the advent of dual energy 
CT (DECT) scanners, spectral analysis and material 
decomposition have been proposed as new methods 
for evaluating cholesteatoma [10]. A study using DECT 
to evaluate residual or recurrent cholesteatoma found 
significantly different Hounsfield units between positive 
and negative cases [5]. More recently, photon-counting 
CT (PCCT) offers numerous additional benefits to DECT, 
including increased spatial resolution, and also enables 
spectral analysis by quantifying the energy level of each 
photon [11–13]. 

No study thus far has compared the in vivo and ex vivo 
spectral properties of the same sample of cholesteatoma. 
These comparisons have important implications such 
as validation of pre-operative spectral signatures 
to pathology-proven cholesteatoma, understanding 
potential post-extraction biochemical changes that 
alter spectral qualities, and protocol standardization. 
The purpose of our study was to compare in vivo and 
ex vivo spectral properties of a middle ear and mastoid 
cholesteatoma, hypothesizing that properties would be 
similar between the in vivo and ex vivo states.

CASE REPORT

This study was approved by our Institutional Review 
Board (IRB# I23-00196). A 25-year-old male with 
hearing loss and intermittent otorrhea was found to 
have a cholesteatoma and underwent canal wall up 
tympanomastoidectomy, ossicular chain reconstruction 

with a hydroxyapatite total ossicular reconstruction 
prosthesis, and cartilage graft. He subsequently developed 
recurrent otorrhea and evidence of recidivistic disease 
on examination. Prior to revision surgery, pre-operative 
imaging was performed on a Siemens Healthineers 
NAEOTOM Alpha photon-counting scanner (Forchheim, 
Germany). The scan mode was Spiral Adult Head 
Highresultra Quantumplus at 140 kV, image quality (IQ) 
level 201 with a CT dose index (CTDI) of 57.8 mGy (16 
cm phantom) and a dose length product (DLP) of 577 
mGy*cm. The rotation time was 0.5 and the pitch was 
0.85. The images were reconstructed with a Qr76 kernel 
at quantum iterative reconstruction (QIR) strength 3, 
slice thickness 0.4 mm in spectral post-processing (SPP) 
mode. Imaging findings supported a clinical diagnosis of 
cholesteatoma (lobulated soft tissue mass in the mastoid 
and middle ear with osseous erosion), and the patient 
was consented for surgery as well as inclusion in this 
study (Figure 1).

The patient underwent a right tympanomastoidectomy, 
which confirmed extensive cholesteatoma in the middle 
ear and mastoid. The cholesteatoma was excised and 
the specimens (tympanic and mastoid) were rinsed with 
saline to remove blood products, then separately placed 
into two 2 mL centrifuge tubes. The tubes were placed in 
a custom slotted phantom QRM (Möhrendorf, Germany), 
and scanned on a Siemens Healthineers SOMATOM 
Force using a dual energy protocol (80/Sn150 kV) at 
(1500/750 mAs) with a CTDI of 53.87 mGy and a DLP 
of 603.3 mGy*cm. The rotation time was 0.5 s and the 
pitch was 0.3. Following imaging, samples were placed 
in formalin and delivered to pathology for analysis. The 
sample images were reconstructed with a Qr44 kernel 
QIR strength 4, slice thickness 0.5 mm in SPP mode.

The reconstructed in vivo and ex vivo images were post-
processed using Syngo Via version VB60 with the Dual 
Energy workflow, Virtual Unenhanced application. These 
were non-contrast scans so no iodine was introduced. 
However, the Virtual Unenhanced application’s iodine 
concentration parameter was used as a convenient proxy 
for material characterization. Regions-of-interest (ROIs) 
were placed on pre- and post-operative axial slices 
following the aforementioned post-processing.

On preoperative imaging, as the cholesteatoma was 
found to extend from the middle ear to the mastoid, one 
ROI was placed in the mastoid, one in the aditus ad antrum 
and one in the middle ear on axial slices (Figure 2). Another 
ROI was placed in the cerebellum as a control. Regions-of-
interest were placed away from the margins to avoid areas 
of possible neo-ossification. For post-operative imaging, 
one ROI was placed on each of the samples contained 
in the centrifuge tubes, also on an axial slice (Figure 3). 
Iodine density was recorded for each ROI.

Pathologic evaluation of both specimens returned 
keratotic material, fragments of keratinizing squamous 
epithelium, mixed inflammatory debris, fibrous 
tissue, and osseous tissue confirming a diagnosis of 
cholesteatoma.
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Regions-of-interest were placed on preoperative axial 
slices as described (Figure 2). Iodine densities were 0.9 
mg/mL in the mastoid ROI, 0.3 mg/mL in the aditus ad 
antrum ROI, −0.7 mg/mL in the middle ear ROI, and 0 
mg/mL in a right cerebellar ROI (used as reference).

Regions-of-interest were also placed on an axial slice 
obtained from imaging of a phantom containing two 
tubes, which contained separate mastoid and tympanic 
intraoperative samples (Figure 3). Regions-of-interest 
from both samples had iodine densities of 0.1 mg/mL.

with differing material properties that have similar 
densities, spectral imaging has the potential to increase 
the sensitivity of CT for distinguishing cholesteatoma 
from other entities commonly encountered in the 
pathologic middle ear, such as granulation tissue, and 
may decrease the need for second-look surgeries [21]. 
To our knowledge, no prior study has investigated the 
spectral properties of cholesteatoma. Moreover, this 
study is the first to present a comparative analysis of in 
vivo and ex vivo spectral properties of middle ear and 
mastoid cholesteatoma specimens.

Our results demonstrate different in vivo and ex vivo 
cholesteatoma iodine densities. Additionally, there was 
heterogeneity in the iodine density of the cholesteatoma 
with different spectral values between the components 
in the mastoid air cell, aditus ad antrum and the middle 
ear cavity. The mastoid pre-operative ROIs had an iodine 
density of 0.9 mg/mL while both the post-operative 
mastoid and tympanic samples had lower iodine 
densities of 0.1 mg/mL. Interestingly, the antrum ROI 
iodine density was in between these two values, at 0.5 
mg/mL and the ROI in the middle ear showed −0.7 mg/
mL. The lower iodine density of the antrum and middle 
ear soft tissue compared with mastoid soft tissue may 
reflect differences in cholesteatoma histology, including 
cholesterol deposition resulting in lower density, beam 
hardening artifact from the ossicular reconstruction 
prosthesis in the middle ear, and bone resorption 
byproducts in the mastoid contributing to higher density. 
The cerebellar ROI used as a reference demonstrated no 
measurable iodine density.

The discrepancy between in vivo and ex vivo results 
warrants further study, and may be attributable to variables 

Figure 1: (A) Pre-operative in vivo axial images of the right 
temporal bone demonstrating a lobulated soft tissue mass in 
the right middle ear and mastoidectomy cavity (white arrows) 
compatible with clinically suspected cholesteatoma. (B) Pre-
operative in-vivo coronal images of the right temporal bone 
demonstrating a lobulated soft tissue mass in the right middle ear 
and mastoidectomy cavity compatible with clinically suspected 
cholesteatoma. There are changes from prior ossicular chain 
reconstruction with a Total Ossicular Reconstruction Prosthesis 
(black arrow).

Figure 2: (A) Regions-of-interest (ROIs) were placed in the 
pre-operative images and iodine densities recorded. One 
ROI were placed in the aditus ad antrum (A, black arrow), 
one ROI was placed in the mastoid (A, white arrow), (B) 
Regions-of-interest (ROIs) were placed in the pre-operative 
images and iodine densities recorded. One ROI was placed 
in the middle ear (B, black arrow), and one ROI was placed 
in the right cerebellum as a control (B, white arrow). 

DISCUSSION

In recent years, with the growing popularity of DECT 
and now PCCT, spectral imaging techniques have been 
increasingly applied to several clinical use cases, ranging 
from uric acid crystals in gout to kidney stones [14–19]. 
Numerous types of spectral data can be obtained, such 
as iodine density, electron density, and effective atomic 
number [20]. By enabling improved separation of tissues 

Figure 3: Ex vivo imaging. Regions-of-interest (ROIs) were 
placed on a post-operative image of specimen tubes in a 
phantom and iodine densities were recorded. One ROI was 
placed on the mastoid sample (labeled [11]) and another ROI 
was placed on the tympanic sample (labeled [13]).
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such as image artifact, preparation technique, CT scan 
type, among others. Beam hardening can occur as x-rays 
travel through the skull, which may contribute to higher 
iodine densities of in vivo images [22]. In addition to beam 
hardening, sample preparation utilizing a saline rinse 
could also impact composition and thus iodine density. 
The decision to rinse specimens before placement into the 
centrifuge tube was made due to the concern of residual 
blood from surgical extraction confounding results. 
Pathologic assessment did not reveal degradation or 
abnormality of the specimen; however chemical changes 
could still have occurred. The methodology utilized in this 
study suggests that cholesteatoma specimens can undergo 
imaging between surgical extraction and pathologic fixation 
without evidence of degradation that would compromise 
accurate pathologic diagnosis. As noted in the methods, the 
scanner varied, with in vivo imaging performed utilizing 
a photon-counting detector CT, and ex vivo imaging 
performed on a dual-source CT. While spectral analysis can 
be performed with both technologies, it is possible that a 
very slight variability in calculated iodine density could be 
introduced as a result of technical differences [23].

Spectral analysis, particularly within the temporal 
bone, is still in its infancy. These preliminary findings are 
derived from a single patient, and may not generalize to all 
patients and workflows. It does demonstrate however that 
expected in vivo and ex vivo spectral analysis may not be 
concordant. This impacts the ability to infer characteristic 
iodine density values to cholesteatoma, until variables that 
result in these differences can be identified and mitigated. 
It is of interest whether spectral analysis of material 
within the skull may be impacted by the surrounding 
bone [24]. Even in the presence of artifact, novel means 
of differentiating cholesteatoma from other temporal bone 
tissue may be feasible utilizing multiple ROI sampling of 
areas such as Prussak’s space and the epitympanum to see 
if exclusive signatures emerge.

CONCLUSION

This case highlights spectral analysis from a single 
patient with recidivistic acquired cholesteatoma. 
Preliminary findings demonstrate that in vivo and ex 
vivo results may differ. Drivers of these differences 
should be a focus moving forward to better understand 
the implications in each setting which can then facilitate 
accurate large-scale studies.
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