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Low-Dose Temporal Bone CT in Infants and

paTient sarety | Young Children: Effective Dose and Image Quality
C.B. Nauer BACKGROUND AND PURPOSE: The temporal bone is ideal for low-dose CT because of its intrinsic high
A. Rieke contrast. The aim of this study was to retrospectively evaluate image quality and radiation doses of a
C. Zubler new low-dose versus a standard high-dose pediatric temporal bone CT protocol and to review
’ i dosimetric data from the literature.

C. Candreia
A. Arnold MATERIALS AND METHODS: Image quality and radiation doses were compared for 38 low-dose (80
.P S kV/90-110 mAs) and 16 high-dose (140 kV/170 mAs) temporal bone CT scans of infants to 5-year-old

. Senn

children. The CT visualization quality of 23 middle and inner ear structures was subjectively graded by
\ 3 neuroradiologists and 3 otologists by using a 5-point scale with scores 1-2 indicating insufficient and
FELLOWS' scores 3-5 indicating sufficient image quality. Effective doses of local and literature-derived protocols

JOURNAL
cs were calculated from dosimetric data by using NRPB-SR250 software.

RESULTS: Insufficient image-quality scores were more frequent in low-dose scans versus high-dose
scans, but the difference was only statistically significant for otologists (6.0% versus 3.4%, P = .004)
and not for neuroradiologists (1.2% versus 0.7%, P = .84). Image quality was critical for small
structures (such as the stapes or lamella at the internal auditory canal fundus). Effective doses were
0.25-0.3 mSv for low-dose scans, 1.4-1.8 mSv for high-dose scans, and 0.9-2.6 mSv for literature-
derived protocols.

CONCLUSIONS: The image quality of the new low-dose protocol remains diagnostic for assessing
middle and inner ear anatomy despite a 3- to 8-fold dose reduction over previous and literature-derived
protocols. However, image quality of small structures is critical and may be perceived as insufficient.

ABBREVIATIONS: CTDI = CT dose index; CTDI,,, = volumetric CTDI; CTDI, = CTDI measured in
the center; CTDI, = CTDI measured in the periphery; CTDI,, = weighted CTDI; Do = effective

dose; DLP = dose-length product

he use of adult settings in pediatric CT leads to unneces-

sarily high radiation doses, and the current literature rec-
ommends using adapted settings for pediatric CT."* As a re-
sult, the National Cancer Institute guidelines' on pediatric CT
call for the development of specific pediatric CT protocols as a
long-term strategy for reducing radiation exposure. As part of
a local dose-optimization program, all CT protocols were re-
vised at our institution in 2006 and 2007. When the low-dose
protocols were created, an extensive literature search was per-
formed first. Then, beginning at an established image-quality
level, dose-relevant scanning parameters were reduced step-
wise, as long as the image quality remained diagnostic, as
judged in consensus by neuroradiologists and the involved
clinicians.

For our dose-optimization program and this study, we de-
fined the term “low-dose protocol” as one that is optimized for
the lowest feasible radiation exposure that maintains a basic
yet diagnostic image quality while a substantial dose reduction
is reached compared with a standard-dose CT that offers a
good-to-excellent image quality.’
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High-resolution temporal bone CT in young pediatric pa-
tients is, at our institution, mainly used for the preoperative
assessment of the anatomy in cochlear implant candidates but
also for diagnosing ossicular dysplasia, other dysplasias, and
fractures. For high-resolution CT of the temporal bone, a he-
lical scan is generally performed with submillimeter sections.
Then, images are reconstructed with a small FOV and an edge-
enhancing kernel to obtain the highest possible spatial resolu-
tion in all 3 dimensions. We use an FOV of 100 mm, and
0.625-mm sections are reconstructed every 0.2 mm. In our
current low-dose protocol, 80 kV and 90-110 mAs are used
for children younger than 1 year and those 1-5 years of age.
The resulting dataset allows the visualization of temporal bone
anatomy in arbitrary planes by using multiplanar
reformations.

The temporal bone is ideally suited for low-dose CT be-
cause of the high intrinsic contrast of the imaged structures.*
As a consequence, low-dose temporal bone CT protocols for
adults have been described before.**> However, there is no sys-
tematic evaluation of any pediatric low-dose temporal bone
CT protocol in the literature. The purposes of this study were,
therefore, to systematically assess whether the image quality of
our low-dose temporal bone CT protocol is sufficient for di-
agnostic purposes, to calculate the effective radiation doses of
low-dose and high-dose protocols, and to compare them with
literature-derived data.

Today, scans are often reviewed by the clinicians, especially
if they intend to operate on the patient; we think that scanning
protocols should be implemented in collaboration with the
involved clinicians. Therefore, our low-dose protocol for tem-
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poral bone imaging was elaborated and evaluated (in the pres-
ent study) in collaboration with otologists.

Materials and Methods
This retrospective study was performed in full accordance with regu-
lations issued by the local ethics committee.

Patient Selection Criteria

All patients younger than 5 years of age undergoing CT of the tempo-
ral bone since the introduction of the low-dose protocol were retro-
spectively recruited from our PACS. Only scans showing normal an-
atomic inner and middle ear structures (as in the written record) were
included; scans showing motion artifacts were not included.

Scans showing isolated dysplasia of the external ear and other
findings not affecting middle and inner ear anatomy were included.
Scans showing obvious pathologies like middle/inner ear dysplasia or
infectious conditions were excluded. The indications for imaging
were the following: congenital hearing impairment/cochlear implant
evaluation (n = 18), trauma (n = 3), infection (n = 2), external
auditory canal atresia (n = 2), histiocytosis (n = 1), and middle ear
dysplasia (n = 1).

The electronic archive was searched for scans to use as a standard
of reference from November 2003 (introduction of electronic ar-
chive) to March 2007 (introduction of age-specific protocols). Due to
the lack of standardized pediatric protocols before the introduction of
the low-dose protocol, the dose-relevant scan parameters were cho-
sen by the attending neuroradiologist at that time. To obtain a homo-
geneous set of high-dose reference scans, we included only examina-
tions performed with the highest dose in the high-dose group for this
study.

Patient Characteristics

A total of 38 temporal bone studies of 19 pediatric patients were
included in the low-dose group. Eight patients (16 scans) belonged to
the age group younger than 1 year (mean age, 9 months; range, 7-10
months), and 11 patients (22 scans) belonged to the age group of 1-5
years (mean age, 30 months; range, 17-59 months). A total of 16
temporal bone studies of 8 pediatric patients were included in the
high-dose group. One child (2 scans) belonged to the age group
younger than 1 year (8 months), and 7 children belonged to the age
group 1-5 years (mean age, 25 months; range, 13-52 months).

Review of Scans

Each study was independently analyzed by 3 neuroradiologists
(C.B.N., AR, C.Z.) and 3 otologists (C.C., A.A., P.S.); each investi-
gator had at least 5 years of experience in reviewing temporal bone CT
scans (C.B.N., 7 years; A.R., 6 years; C.Z., 6 years; C.C., 5 years; A.A.,
8 years; P.S., 11 years). Image analysis was performed on an EasyVi-
sion picture-viewing station (Philips Healthcare, Best, the Nether-
lands) and included axial sections and multiplanar reformations gen-
erated with the integrated software tool. In accordance with our
clinical routine, reviewers were free to choose the appropriate planes
and window width/center level settings. The optimal window/level
settings to review the images were recorded for each temporal bone.
Readers were blinded to the dose-relevant scan parameters during the
review of the scan.

Twenty-three normal anatomic structures (Table 1) were assessed
with regard to image quality by using a rating system from 5 to 1 in
descending order: 5, very good delineation of structure and excellent
image quality; 4, clear delineation of structure and good image qual-
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Table 1: Synopsis of the 23 anatomic structures reviewed and the
respective primary criteria for image quality assessment

Structure/Condition

Review Criteria

Cochlea
Cochlear patency

Spiral osseous lamina

Modiolus

Labyrinth

Vestibular aqueduct

Cochlear aqueduct

Cochlear nerve canal

Bony lamella at auditory
canal fundus

Internal auditory canal

Facial nerve canal, cochlear
segment

Facial nerve canal, tympanic
segment

Facial nerve canal, mastoid
segment

Middle ear cavity

Malleus

Incus

Stapes

Round window

Round window niche

Oval window

Internal carotid artery canal

Jugular foramen

Mastoid

Normal contour, 2.5 turns

Ability to discern intracochlear
ossifications

Presence, integrity

Presence, integrity

Contour, density

Contour, density

Contour, density

Presence

Presence, integrity of bony lamella
separating the internal
auditory canal from the cochlea

Contour

Contour, course

Contour, course
Contour, course

Aeration

Presence of all parts

Presence of all parts

Presence of all parts

Presence, aperture

Borders, aeration

Presence, borders, footplate position
Borders, osseous wall dehiscence
Borders, osseous wall dehiscence
Bony borders, aeration

ity; 3, anatomic structures still fully assessable in all parts and accept-
able image quality; 2, structures identifiable, but no details assessable,
resulting in insufficient image quality; and 1, anatomic structures not
identifiable due to poor image quality.

For the image-quality assessment, we chose the anatomic struc-
tures that were the most susceptible to image-quality degradation
with increasing image noise (such as the stapes and the cochlear spiral
osseous lamina) and that were also important for patients with con-
genital hearing deficits and/or are cochlear implant candidates (such
as the internal structures of the cochlea and the facial nerve) on the
basis of our experiences.

Image Acquisition Technique

All scans were acquired in spiral mode with an 8-section CT scanner
(LightSpeed Ultra; GE Healthcare, Milwaukee, Wisconsin). We used
the following parameters: collimation, 0.625 mm; pitch, 1; FOV, 100
mm. Sections of 0.625-mm thickness were reconstructed indepen-
dently for each side with an overlap of 68%. An edge-enhancing re-
construction kernel (Bone Plus; GE Healthcare) was used. Image-
acquisition parameters for the low-dose and high-dose scans were
identical except for the tube voltage and tube current. For infants
younger than 1 year, 80 kV and 90 mAs were chosen, which corre-
spond toa CTDI, ; of 8.8 mGy (as calculated by the scanner software).
For children between 1 and 5 years of age, 80 kV and 110 mAs
(CTDI,,; = 10.8 mGy) were chosen; settings used for the high-dose
scans were 140 kV and 170 mAs (CTDI,,; = 63 mGy). Generally, the
temporal bone was imaged from the tip of the mastoid process to the

vol

tegmen tympani.



Dosimetry
The CTDI,, indicates the radiation dose absorbed in a standard phan-
tom during axial scanning. It is obtained by measuring the radiation-
dose profile along a 100-mm range of the z-axis in the center (CTDI,)
and the periphery (CTDI,) of the phantom. Then, the CTDI, is cal-
culatedas CTDI,, = 1/3 CTDI, + 2/3 CTDI,,. For helical scanning, the
CTDI,,, is defined as CTDI,,; = CTDI/pitch. The CTDI is measured
in milligrays.®

The CTDI is independent of the scan length. As a dosimetric unit
expressing the dose absorbed over the whole scan length, the DLP is
defined as DLP = CTDI,
meter. To obtain a measure of the stochastic risk resulting from ion-

X scan length. Its unit is milligray centi-

izing radiation, the effective dose was used, which is the sum of all
organ doses of the body corrected for a tissue-weighting factor for
each organ. Its unit is millisievert.®

The CTDI,,,; and the DLP are displayed on the scanner console
after the examination and are stored in a file with the scans. The DLPs
of all examinations included in this study were collected retrospec-
tively. The mean DLPs and mean scan lengths (younger than 1 year,
4.3 cm; 1-5 years, 4.6 cm) were used to calculate the effective doses for
a 1-year-old infant and a 5-year old child by using the Monte Carlo
simulation software NRPB-SR250.”

A literature search was performed to find dosimetric data from
protocols described or recommended in the literature. Where appro-
priate and feasible, effective doses were calculated. The calculations
were made by using the scan lengths of our cases (see above). Modern
16- to 64-section scanner models from the 4 major CT manufacturers
were assumed for these calculations.

Statistical Analysis

Image-quality score frequencies were calculated for each reviewer
group. The absolute frequencies (for example, the number of times
the score 4 was given by the neuroradiologists for the stapes) were not
directly comparable between the low- and the high-dose scans be-
cause the case numbers were not equal. Therefore, the relative fre-
quencies were calculated. The relative score frequencies of all ana-
tomic structures were tested pair-wise for statistically significant
differences between the low- and the high-dose scans by using the
Wilcoxon signed rank test,, A P < .05 was considered significant
(Bonferroni-corrected for multiple comparisons).

The difference between scores 5 and 4 is less important to the clinical
usefulness of a scan than the difference between the scores 3 and 2. Thus,
the data were additionally dichotomized into 2 clinically relevant catego-
ries: “sufficient image quality” (scores 5, 4, and 3) versus “insufficient
image quality” (scores 2 and 1). The relative frequencies of insufficient
quality images were tested for statistically significant differences between
the low- and the high-dose scans by using the Wilcoxon signed rank test;
a P < .05 was considered significant. Furthermore, the interobserver
agreement (free-margin multirater k) for the reviewer groups was calcu-
lated for these 2 clinically relevant categories.

The window/level settings used for the low- and the high-dose
scans were tested for statistically significant differences with the
Mann-Whitney U test with a 2-tailed P value; a P < .05 was consid-
ered significant.

Results

Image Quality Assessment
The mean frequencies of image quality scores for low- and
high-dose scans are shown in Fig 1.

In the neuroradiologist group (Fig 14), the frequency of
score 5 was significantly lower for the low-dose scans versus
high-dose scans (30.1% versus 46.1%, respectively, P < .001),
whereas the frequency of scores 4 (51.8% versus 42.4%, re-
spectively, P < .015) and 3 (10.8% versus 16.9%, respectively,
P < .003) was significantly higher for low-dose scans. The
frequency of the scores 1 and 2 was very low for both protocols
(<1.5%), and the difference did not reach statistical signifi-
cance. Similarly, when pooling the scores 1 and 2 into 1 group
of insufficient scores, the difference between low- and high-
dose scans was still not statistically significant (1.2% versus
0.7%, respectively, P = .84, Fig 1C)

Only 2 structures had >5% insufficient ratings in the low-
dose scans when reviewed by neuroradiologists: the stapes
(12.3%, n = 14/114 ratings) and the internal auditory canal
fundus (7%, 8/114). In general, a high rate of insufficient rat-
ings strongly correlated with low interobserver agreement
(Spearman rank correlation coefficient, r = —0.998). For ex-
ample, of 8 insufficient ratings for the internal auditory canal
fundus, each sample received only 1 insufficient rating, and
these ratings were given by a single person, while the other 2
reviewers considered the image quality to be sufficient. Thus,
despite >5% insufficient ratings for some structures, the anat-
omy was in fact sufficiently visible in most cases by most re-
viewers. All other structures had <<5% insufficient ratings.

Among the otologists (Fig 1B), score 1 alone was not sig-
nificantly more frequent in low-dose scans versus high-dose
scans (0.8% versus 0.5%, respectively, P > .15). In contrast,
scores 2 (5.2% versus 3.0%, respectively, P < .004) and 3
(53.9% versus 20.7%, respectively, P < .002) were signifi-
cantly more frequent in low-dose scans. The highest scores (4
and 5) were given less frequently in low-dose compared with
high-dose scans (24.4% versus 61.1%, respectively, P < .0001;
and 13.4% versus 14.5%, respectively, P > .34), though the
difference was only statistically significant for the score 4.
When we pooled scores 1 and 2 into a group of insufficient
scores, the frequency attributed to the insufficient group was
significantly higher for low-dose scans versus high-dose scans
(6.0% versus 3.4%, respectively, P < .004; Fig 1C).

Eight structures/conditions had >5% insufficient ratings
in the low-dose scans reviewed by otologists: cochlear patency
(7%, n = 8/114 ratings), the vestibular aqueduct (16.7%), the
cochlear aqueduct (20.2%), the bony lamella at the internal
auditory canal fundus (13.2%), the mastoid segment of the
facial nerve (14.9%), the stapes (28.1%), the round window
(7.9%), and the oval window (11.4%). Six structures had >5%
insufficient ratings in high-dose scans reviewed by otologists:
modiolus (6.3%, 3/48), the vestibular aqueduct (14.6%), the
cochlear aqueduct (12.5%), the mastoidal segment of the fa-
cial nerve (10.4%), the stapes (12.5%), and the oval window
(6.25%).

The interobserver agreement k for neuroradiologists was
very high, with a mean for all structures of 0.96 (range, 0.72—
1.0) for low-dose and 0.97 (range, 0.83-1.0) for high-dose
scans. For otologists, the interobserver agreement k was lower,
with a mean of 0.82 (range, 0.5-1.0) for low-dose and 0.88
(range, 0.5-1.0) for high-dose scans.

The mean window/level settings (= 1 SD) used by neuro-
radiologists were 1212 = 391 HU and 6136 = 1552 HU for
low-dose and 854 * 348 HU and 4265 * 1118 HU for high-
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Fig 1. A and B, The relative frequencies of scores 1-5 are shown for the neuroradiologists
(A) and the otologists (B) and for high-dose and low-dose CT. C, The pooled insufficient
scores are shown for the neuroradiologists and the otologists for high-dose versus
low-dose CT.

dose scans. The mean window/level settings used by otologists
were 1003 = 508 HU and 4396 * 1933 HU for low-dose and
656 = 359 HU and 3383 = 1234 HU for high-dose scans. The
differences between the window and level settings used for the
low- and high-dose scans were statistically significant (P < .05,
Mann-Whitney U test) in both reviewer groups.

Dosimetry

Dosimetric data, including CTDI, DLP, and the effective doses
of both the protocols used at our institution and literature-
derived protocols, are shown in Table 2. Effective radiation
doses of low-dose scans were approximately 6 times lower
compared with those of high-dose scans and approximately
3-8 times lower compared with those of literature-derived
protocols.

Discussion

The results of our study show that the normal temporal bone
anatomy can be adequately assessed with low-dose CT in small
children with a significant reduction in radiation exposure
compared with the previously used high-dose protocol at our
institution and among literature-derived protocols.®>’ Image
quality is clearly reduced when using the low-dose protocol;
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however, the loss of image quality is reflected mainly by a shift
from the subjective image-quality score of excellent to the
scores of good and acceptable, while the frequency of insuffi-
cient scores was only nonsignificantly increased by using the
low-dose protocol for neuroradiologist reviewers (Fig 1C).
We, therefore, conclude that for neuroradiologists, the diag-
nostic image quality level is still maintained for low-dose scans
despite the significant radiation dose reduction.

The diagnostic accuracy of our protocol for pathologies
was not assessed directly. However, diagnostic work-up before
middle ear surgery or cochlear implantation is possible with
our protocol. First, findings of an otomastoiditis with fluid in
the middle ear or mastoid, which are a concern in the preop-
erative work-up for any ear surgery, can still be reliably de-
tected. Furthermore, the details of the cochlear anatomy that
are important for inner ear surgery, like the modiolus and the
cochlear patency, were still well-delineated on low-dose scans.
The bony lamella between the internal auditory canal fundus
and the cochlea may be helpful in the preoperative work-up
for cochlear implantation because a bony dehiscence may be
associated with a CSF gusher during the procedure. This struc-
ture is very thin and proved, indeed, to be marginal in low-
dose scans; it was, however, rated as sufficiently visible in 93%
and, hence, could be evaluated in most cases (Fig 2). Even if
this structure is not assessable in some cases, the clinical rele-
vance would be limited because an otologist is usually trained
to solve an unexpected gusher intraoperatively and because
the overall surgical strategy is not greatly influenced by a po-
tential gusher. This potential shortcoming of low-dose proto-
cols makes it, however, advisable to involve otologists, when
such protocols are designed, so that they can have input on the
degree of uncertainty that may remain.

Other pathologies may present a more challenging situ-
ation. Specifically, soft-tissue complications of mastoiditis,
like intracranial or subperiosteal abscesses or sinus throm-
bosis, may not be adequately delineated due to the low soft-
tissue resolution; hence, higher radiation doses are required for
these purposes, particularly when intravenous contrast media are
used.

As outlined above, we consider the image quality to be
sufficient to delineate the anatomy (Fig 3). Nevertheless,
the significantly higher fraction of insufficient ratings given
by the otologists in the low-dose scans indicates that image
quality is critical for small structures, like the vestibular and
cochlear aqueduct, the bony lamella separating the cochlea
from the internal auditory canal fundus, the modiolus, the
oval window, the stapes, and the tympanic facial nerve seg-
ment. These structures must be reviewed with special atten-
tion when a low-dose protocol is used so as not to miss
subtle abnormalities.

While no low-dose protocol for children has been de-
scribed in the literature before, we found some temporal bone
CT protocols in the literature for comparison (Table 2). The
pediatric protocol (120 kV, 200 mAs) by Thomas and Wang,’
for example, results in 68 times higher effective doses com-
pared with our protocol. In a widely used textbook® on tem-
poral bone imaging, the radiation dose issue and dose-reduc-
tion techniques for pediatric patients are discussed
extensively. Age-adapted protocol recommendations are de-
tailed for different age groups, including neonates, but the



Fig 2. Axial CT section of the right temporal bone obtained
with a CTDI,,, of 63 mGy (A) (14-month-old patient; DLP, 223
mGy cm; estimated Dy, 1.4 mSv) and with the low-dose
protocol (B) (16-month-old child; CTDI,,,, 10.8 mGy; DLP, 46.9
mGy cm; estimated Dy, 0.35 mSv). Critical structures like the
modiolus and the thin bony lamella separating the internal
auditory canal from the cochlea (1) and the spiral osseous
lamina (2) are delineated well despite the higher image
noise.

Fig 3. The same patients as in Fig 2. Oblique axial image,
reformatted in the stapes main plane, a high-dose scan (A4)
versus a low-dose scan (B). The posterior stapes crus (1) and
the incudostapedial articulation (2) are identifiable on both
scans.

Table 2: Mean effective doses (millisievert) for 3 age groups when scanned with local low- and high-dose protocols in comparison with
literature-derived calculated effective doses and literature-derived effective doses

Age Low-Dose Protocol High-Dose Protocol

Swartz et al 2009%

Thomas et al 2008 Lutz et al 2007

CTDl DLP D, CTDI DLP D, CTDI

1 year old 8.8 40 0.3 63 285 1.8 34
5 year old 10.8 49 0.25 63 288 1.4 45
Adult - - - - -

120 320

kV mAs Dot kv mAs Dot kv mAs Dot
120 150 0.9-1 120 200 2.6 - - -
120 200

0.97-1.1 120 200 1.7 - - -
1.2-13 - - - 120 140 0.3

@ Indicates literature derived calculated effective doses.
b —indicates literature-derived effective doses.

When available, CTDI (milligray), DLP (milligray X centimeter), and kilovolt/milliampere-second are shown also for literature-derived protocols.

settings, nevertheless, produce 3 times higher radiation doses
compared with our protocol. The recommendations in the
textbook likely strive for optimal image quality with justifiable
radiation exposure, while our approach aims instead to reach
the lowest radiation dose achievable as long as basic, yet diag-
nostic, image quality is maintained. For an adult temporal
bone CT protocol, Lutz et al® calculated effective doses that
were similar to those resulting from our protocol.

However, when pediatric and adult effective doses are
compared, an important point of consideration is that both
the resulting effective dose from a particular set of scanner
settings and the biologic impact of the effective dose differ
between adults and children.>'>"" The lifetime cancer mortal-
ity risk is estimated to be approximately 14% per sievert for a
1-year-old child, 5% per sievert for a middle-aged adult, and
<2% per sievert for a person older than 60 years.'> Hence,
even if the effective dose resulting from our protocol is com-
parable with the dose from an adult low-dose protocol, the
associated stochastic risk is still approximately 2-3 times

higher for an infant. This fact emphasizes the importance of
using adequate settings during pediatric CT.

Considering our experiences, we propose the following
procedure to obtain a low-dose temporal bone CT offering a
sufficient image quality and advantageous effective doses:
Start with 80 kV and an empirically known CTDI,;. Then,
reduce the tube current stepwise as long as image quality re-
mains sufficient. The structures that were the most difficult to
visualize on low-dose scans were the stapes and the thin
bony lamella separating the cochlea from the fundus of the
internal auditory canal. It makes sense, therefore, to use
these 2 structures as indicators of critical image quality
when a low-dose protocol is implemented in practice. This
approach should allow effective doses below 0.5 mSv for
young children.

On the basis of our results and data from literature,* we
further propose reviewing low-dose scans with broader win-
dow settings compared with high-dose scans because broader
windows reduce the conspicuity of the image noise.
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Limitations

Our study has some limitations. First, image quality was only
subjectively assessed by using a 5-point scale. No objective
methods, such as measuring image noise or spatial resolution
by using a high-contrast phantom, were applied. Despite this
shortcoming, the use of subjective image quality scores is an
accepted method and in widespread use in clinical radiol-
ogy.>"? In addition, the good interobserver variability of our
readers validates the approach used in the study.

Another limitation, as previously outlined, is the fact that
we did not assess the diagnostic accuracy of low-dose scans in
pathologic temporal bone conditions. It would be difficult to
validate the diagnostic accuracy of low-dose scans without the
availability of high-dose scans of the identical patients for
comparison. Such a study protocol would require a double
radiation exposure and would be ethically difficult to justify.
Instead, we recommend implementing stepwise dose-reduc-
tion protocols into clinical practice. The image quality obtained
at each step should be assessed critically by reviewing several cases
with different temporal bone pathologies before proceeding to
the next lower dose, and otologists should be involved.

The inclusion criterion “normal anatomy” we used in our
low-dose patient group leads to a selection bias because many
infants with profound sensorineural hearing deficits do not
show pathologic findings, as opposed to children scanned for
infection or trauma. Furthermore, emergency studies, which
were performed with a scanner from a different manufacturer
located in the emergency department, were not included be-
cause image quality would not be comparable due to differ-
ences in scanner design and image reconstruction algorithms.
These facts explain the high number of patients investigated
for congenital hearing impairment in our study group; the
distribution of indications in our cases does not reflect the
whole spectrum of indications.

One might reason that CT of the temporal bone should be
replaced by MR imaging because this approach would reduce
the radiation exposure to zero. This approach may be justified
for certain indications. However, there are still several reasons
to use CT; a logistic reason may be the lack of MR imaging at
an institution, and a more medical-based reason is the fact that
temporal bone fractures or ossicular dislocations are not visu-
alized on MR imaging. Another indication for CT is the pre-
operative assessment of cochlear implant candidates, in which
the course of the facial nerve must be assessed and fibrous
obliteration must be distinguished from cochlear ossifica-
tion." Furthermore, ossicular anomalies and traumatic
changes cannot be evaluated by MR imaging. For the reasons
mentioned here, we believe that there is still a need for pedi-
atric temporal bone CT, and whenever children are exposed to
ionizing radiation, it should be done with a dose-optimized
protocol.
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Conclusions

Low-dose temporal bone CT scans allow an accurate evalua-
tion of middle and inner ear structures in infants and young
children with radiation doses 3—8 times below literature-de-
rived protocols with diagnostic, though reduced, image qual-
ity compared with that in high-dose scans. The image quality
of small structures, such as the stapes or the bony lamella sep-
arating the cochlea from the fundus of the internal auditory
canal, is, however, critical. These structures should be evalu-
ated with special care on low-dose scans in order not to miss
subtle pathologies. A close collaboration of neuroradiologists
and otologists is therefore advised when low-dose temporal
bone CT protocols are to be introduced into clinical routine.
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