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Radiation Dose to the Lens Using Different

paTient sarety | Temporal Bone CT Scanning Protocols
Y. Niu BACKGROUND AND PURPOSE: Temporal bone CT is performed frequently in clinical practice. At the
Z. Wang same time, the eye lens are exposed to ionizing radiation without any useful diagnostic information
Y. Liu delivered. Our aim was to investigate the radiation dose to the lens of the eye by using temporal bone
o CT scanning with different protocols.
Z. Liu
V. Yao MATERIALS AND METHODS: Direct axial and coronal CT by using a conventional sequential scanning

mode (140 kV, 220 mAs/section, 1.25-mm thickness, 1.25-mm increment, 16 X 0.625 mm collimation,
the glabellomeatal line as a scanning baseline), a routine helical scanning mode (140 kV, 220 mAs/
section, 0.315 pitch, 0.67-mm thickness, 0.33-mm increment, 16 X 0.625 collimation, the orbitomeatal
line as a scanning baseline), and a modified helical scanning mode (acanthiomeatal line as a scanning
baseline; other parameters, same as above) was performed on an exsomatized cadaveric head. CTDI,,
and DLP were recorded for each scanning mode, and effective doses were calculated. Organ doses
for the lens were measured with TLDs.

RESULTS: When the sequential scanning mode was used, the gross effective dose was 1.21 mSv and
the organ dose to the lens was 50.96 and 1.73 mGy, respectively, for direct axial and coronal imaging.
The effective dose was 0.803 mSv in routine helical scanning, while the lens dose was 40.17 mGy.
With the modified helical scanning mode, the effective dose was as same as that for the routine helical
scanning, but the lens dose was reduced significantly to 10.33 mQGy.

CONCLUSIONS: The effective doses resulting from sequential axial and coronal scanning were 1.51
times higher than the dose from helical scanning, and the lens dose was 1.31 times higher. With the
modified helical scanning mode, thinner section images could be used to reformat axial, coronal, and
sagittal images with a further 74.3% reduction in lens dose beyond that achieved with the conventional
helical protocol.

ABBREVIATIONS: CTDI,,, = volume CT dose index; DLP = dose-length product; MSCT = multi-
section CT; TLD = thermoluminescence dosimeter.

Materials and Methods
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H igh-resolution CT is the technique of first choice for im-
aging the temporal bone and enabling accurate delinea-
tion of normal temporal bone anatomy and complex osseous
pathologies. When performed by using conventional sequen-
tial direct axial and coronal methods, parallel to the glabel-
lomeatal or orbitomeatal line, the patient’s eyes are positioned
within the scanning range where they are exposed to radiation

Subjects

Four exsomatized cadaveric heads were included in the study. The
cadaveric heads were removed from the formalin solution and posi-
tioned upright approximately 12 hours before scanning to discharge
the solution from the nasal cavity and external auditory canal. A pilot

directly. This is a major concern, because the lens is one of
the most radiation-sensitive organs in the human body—
especially in children, in whom the risk of developing lens
opacities (eg, cataracts) may be higher when considering cu-
mulative lifetime doses. With the innovation of multisection
CT technologies and postprocessing software, images parallel
to the proper baseline can be obtained by reformatting thin-
section helical acquisitions to axial and coronal images. In this
study, we investigated the radiation dose to the lens by using
temporal bone CT scanning with sequential scanning tech-
niques and multisection helical techniques. Our goal was a
lens organ dose as low as reasonably achievable while still de-
livering sufficient diagnostic information.
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study of 4 cadaveric heads was performed to select the head most fit
for the experiment.

CT Technique

All the images in this study were acquired on a Brilliance 64-section
CT scanner (Philips Healthcare, Cleveland, Ohio) by using 3 scanning
modes: sequential, conventional helical, and modified helical.

For the sequential scanning mode, so-called conventional direct
axial and direct coronal CT was performed with 140 kVp, 220 mAs/
section, and 16 X 0.625 mm collimation. Images were reconstructed
witha 1.25-mm section thickness and a 1.25-mm section interval. The
axial images were acquired with the subject’s neck flexed and the
gantry angled in the cranial direction so that the skull base (ie, the
glabellomeatal line) was parallel to the scanning plane (Fig 1). The
coronal images were acquired with the neck extended in the hanging-
head cradle, and the gantry was angled maximally (30°) in the caudal
direction to obtain images in a plane as perpendicular to the hard
palate as possible. In this study, each cadaveric head was placed on the
table similar to the conventional axial and coronal CT positions.

The conventional helical scanning mode used 140 kVp, 220 mAs/
section, 16 X 0.625 mm collimation, and 0.315 pitch. The images
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Fig 1. Scanning baseline and coverage of temporal bone CT: glabellomeatal line, the
baseline of the sequential axial scanning mode (a); a line parallel to the acanthiomeatal
line passing by the superior edge of the temporal bone, the upper limit of the modified
helical scanning mode (b); the acanthiomeatal line approximately parallel to the hard palate
(c); and the scanning range of the temporal bone CT (d). The arrow is the position of lens.

were reconstructed with a section thickness of 0.67 mm and an incre-
ment of 0.33 mm. Axial, coronal, and oblique sagittal images used for
clinical diagnosis were reformatted with a 1-mm section thickness
and a 1-mm increment. Routine helical CT was performed without
gantry angulation and with the head and neck in a neutral position (ie,
the orbitomeatal line was approximately perpendicular to the table).

The scanning parameters of the modified helical scanning mode
were the same as those for the conventional helical mode, with the
exception of the scanning baseline. As with conventional helical scan-
ning, no gantry angulation was used. The cadaveric head was placed
on the table with the scanning baseline parallel to the acanthiomeatal
line.

All scans were obtained by using a gantry rotation speed of 0.75
seconds, an 18-cm FOV, a high-resolution scanning mode, a Y-Sharp
(YC, bone) filter (Philips Healthcare, Cleveland, Ohio) with an edge
enhancement factor of 1, a focal spot size of 1 X 1 mm, and a 512 X
512 image matrix.

Image Processing

Analyses were performed by using a dedicated postprocessing work-
station (Extended Brilliance Workspace, Philips Healthcare). The ax-
ial, coronal, and oblique sagittal reformatted images used for diagno-
sis with a section thickness of 1 mm and an increment of 1 mm were
each reviewed. For each scanning mode, the clarity of the temporal
bone anatomic and microanatomic structures was evaluated.

Radiation Dosimetry
A single batch of TLDs was acquired and used for this study to mea-
sure radiation dose. The TLDs were calibrated for diagnostic x-ray
energies with an accuracy and precision of 10%. Two TLDs were
placed under the right eyelid and side-by-side at the position of the
lens for each scan. The mean of the 2 TLD doses in each scan was
assumed to be equal to the dose delivered to the lens in that scan.
For calculation of the effective radiation dose for the entire imaged
region, DLP values were used. Estimation of the effective dose was
calculated for each scan by multiplying the DLP with a standardized
conversion factor of 0.0031 mSv mGy~ ' cm ™' for examinations of
the head and neck (including the temporal bone).! The DLP was
provided automatically by the scanner and is the product of the
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CTDI,,, and the length of the exposed volume (ie, the scanning
range).
The effective dose, E, is related to the DLP as follows:

E =k X DLP(mSv),

where the unit of DLP is mGy/cm and k is the region-specific normal-
ized effective dose conversion factor (mSv mGy ' cm™').!

Results

The images obtained from sequential axial and coronal scans
are shown in Fig 2A, -B. Figures 2C-F are axial, coronal, and
oblique sagittal images reformatted from the modified helical
scanning data. All the images delineate the microanatomy of
the temporal bone clearly and can be used for clinical
diagnosis.

In sequential axial and coronal scanning, it was necessary
to tilt the gantry. As a result of this angulation, the correspond-
ing CTDI,; changed as shown in Table 1.

As can be seen in Table 2, the combined effective dose of the
direct axial and coronal scans was 1.21 mSv, compared with a
total effective dose of 0.803 mSv in either the routine or mod-
ified helical scans. According to the organ-dose values ob-
tained from the TLDs, the lens dose in the modified helical
scan was 10.33 mGy, which was much lower than the 52.69
mGy of the sequential scan and the 40.17 mGy of the routine
helical scan. The lens dose in the coronal scan was 1.73 mGy,
the lowest of all scans.

The lens doses for sequential axial scans with 3 different
coverages of 40, 60, and 80 mm are shown in Table 3.

Discussion

During temporal bone CT, radiation exposure of the eye lens is
unavoidable. Therefore, it is very important to reduce the ra-
diation exposure as much as possible to reduce the determin-
istic effects of radiation on the lens. In this study, we compared
the effective dose and lens organ dose of 3 temporal bone CT
scanning modes: sequential, routine helical, and modified
helical.

In our department, the baseline used for sequential tempo-
ral bone scanning is parallel to the glabellomeatal line; how-
ever, the American College of Radiology recommends that the
infraorbitomeatal line be used as the baseline.”> When the in-
fraorbitomeatal line is the baseline, the lenses are also included
in the scanning range and receive direct radiation exposure.
Once the lenses are included in the scanning range, the lens
organ dose does not change substantially (only 0.66 mGy) as
coverage increases from 40 to 80 mm.

The lens dose from a cranial CT scan varies from 22.4 to
100 mGy, depending on beam width, reconstruction interval,
tube voltage, tube current, angulation, coverage, etc.’™® To re-
duce the lens dose, the 2 methods often used are the following:
changing the scanning baseline to avoid the lens or adjusting
the scanning parameters to reduce the dose without changing
the baseline. From the point of view of organ dose, the former
can decrease lens dose considerably, and the latter can reduce
the dose to a certain extent while increasing image noise nota-
bly. Torizuka et al® evaluated the radiation dose to the lens and
the visualization of temporal bone structures by scanning
along the orbitomeatal line parallel to the hard palate. The



Fig 2. Sequential axial and coronal CT images and reformatted images from the modified helical scan. A and B, Sequential axial section of the vestibulum auris (4) and a coronal section
of the cochlea (B), with the structures delineated vividly. C—F, Axial, coronal, and sagittal reformatted sections from the modified helical scan with the microanatomy displayed clearly and
more diagnostic information delivered.

Table 1: CTDI,,, as a function of gantry angulation®

Tilt CTDI,, (mGy) Tilt CTDI,,, (mGy)
30 448 0 51.6
25 469 -5 51.6
20 486 —10 51.1
15 50.1 —15 50.1
10 51.1 —20 186
5 51.6 —25 46.9

@ Scanning parameters were identical for each angle. Positive tilt values correspond to the
caudal direction; negative tilt values correspond to the cranial direction.

Table 2: The effective doses and lens doses in different temporal
bone CT scanning protocols

Lens Organ
CTDl,,  Effective Dose Dose
Scanning Mode (mGy) (mSv) (mGy)
Sequential axial 51.6 0.640, 1.21 50.96, 52.69
Sequential coronal 46.0 0.570 1.73
Routine multisection helical 51.6 0.803 40.17
Modified multisection helical 51.6 0.803 10.33

Table 3: Lens dose with 40, 60, and 80 mm scanning coverage

Coverage (mm) Lens Dose (mGy)

40 50.96
60 51.53
80 51.62

change of the baseline decreased the lens dose from 12.7 to
0.274 cGy but resulted in difficulty in evaluating the pneu-
matic space of the temporal bone and the auditory ossicles.
However, most previous studies have focused their attention
on reducing the dose through reductions in scanning param-
eters such as tube voltage and tube current. Funama et al'’
investigated lens-dose reduction in pediatric high-resolution
CT temporal bone scanning and reported satisfactory image
quality after reducing the tube current to 120 mAs. Some re-
searchers have suggested that tube current should be set be-
tween 150 and 200 mAs to protect the lens, while others have
concurred with Funama et al'® and found that satisfactory

images could be acquired with as low as 120 mAs.'"'* Addi-
tional studies on low-dose pediatric temporal bone CT recom-
mended further reductions in the scanning technique to 120
kV, 50-75 mAs, and 0.75 pitch.'*'> Other authors have re-
ported using a heavy metal (eg, bismuth) shield to enable up to
50% reduction in radiation to the lens during routine cranial
CT; however, patients felt discomfort, and image artifacts in
near the eye were serious.'®

High-resolution thin-section direct axial and coronal CT is
the standard technique for temporal bone imaging. The axial
scanning baseline is usually the glabellomeatal line with man-
dible adduction and gantry tilt in the cranial direction. This
leads to a higher lens organ dose because the lens receives
direct radiation exposure. During coronal scanning, the lenses
receive lower doses from scattered radiation. To compare the 2
sides of the temporal bone, absolute bilateral symmetry in
both axial and coronal sections is required. In addition, the
direct coronal technique requires significant neck extension
(hanging-head position) and a special head holder. Conse-
quently, repeated acquisitions are often needed after reposi-
tioning the patient’s head, leading to decreased throughput
and increased discomfort and radiation dose.

With the advent of and widespread adoption of MSCT,
many have investigated the quality of the delineation of tem-
poral bone anatomy and the radiation dose associated with
multisection helical scanning techniques. Caldemeyer et al'’
have shown that helical CT using a 0.5-mm reconstruction
produces diagnostic images comparable with or superior to
conventional 1-mm reconstructions. Another study indicated
that compared with 4-section CT, a low-dose 64-section CT
technique facilitates temporal bone imaging with sufficient
anatomic detail.'® The lens dose on a multisection scanner is
still substantially less than the threshold dose of 0.5-2.0 Gy,
which has been attributed to detectable lens opacities.'® How-
ever, dose reduction is still a priority, given that some patients
need many CT scans. This cumulative dose is of particular
concern for children and other populations who are more sen-
sitive to radiation.
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The submillimeter collimation available with MSCT allows
thin sections to be reformatted to axial, coronal, and oblique
sagittal images by using advanced processing techniques.
These reformatted images deliver more anatomic information
to physicians and give greater flexibility in imaging. For exam-
ple, patient position can be changed to have the mandible
extended with the acanthiomeatal line perpendicular to the
table in order to allow the lens to be moved out of the scanning
range. Such a helical scan with no gantry angulation yields
images parallel to the hard palate that have a different appear-
ance compared with routine images; however, images that
correspond to those resulting from conventional scanning
with a baseline of the glabellomeatal line can be easily gener-
ated with flexible postprocessing tools. The operator must lo-
cate the lens 1 cm above the upper edge of the scanning range
to avoid direct radiation because of overranging and reduced
scatter radiation to the lenses. If the lens is the upper bound of
the scanning range, the lens dose increases greatly. The lens
dose varies little with scanning coverage once it is included in
the scanning range.

In helical scanning, it is usually difficult to locate the start
and the end of scanning range necessary to image the temporal
bone. Additional scanning range is also necessary to facilitate
multiplanar reformation. As a result, the scanning range is
generally larger (approximately 50 mm) than that for sequen-
tial imaging in clinical practice. Furthermore, in sequential
scanning, gantry angulation results in a decrease in CTDI,; to
some degree, but this is unavailable in helical scanning. The
effective dose (0.803 mSv) of temporal bone CT in the helical
scanning mode is higher than the doses of direct axial (0.64
mSv) and coronal scanning (0.57 mSv) alone but lower than
their combined effective doses. The 2 direct scanning modes
are usually performed consecutively in a single examination,
leading to a gross effective dose of 1.21 mSv and a lens dose of
52.69 mGy. These doses reflect an increase relative to those in
the helical mode of 1.51 and 1.31 times, respectively. A mod-
ified helical mode obtained in a plane that will avoid direct
radiation to the lens can reduce the lens organ dose by 74.3%.
We recommend that the modified helical scanning mode be
used to image the temporal bone in clinical practice.

There are 2 main limitations to this study. First, the exso-
matized cadaveric heads were stored in a formalin solution for
along period. The muscular tissues and encephalic structures
dehydrated noticeably during this time. As a result, there was
decreased x-ray attenuation in the cadaveric heads, and the
radiation dose measured with TLDs was likely higher than that
which would be measured in a living human. Second, the Bril-
liance 64-section CT scanner used in this study displays mAs
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section (ie, effective mAs) equal to the mAs of 1 tube rotation
divided by pitch. In this study, we required that the CTDI,; of
each helical scan be equivalent to that of the sequential scan to
compare the 2 lens dose values; however, the real tube output
is 220 mAs in the sequential scanning mode and 69.3 mAs in
the helical scanning mode. We did not optimize the dose of the
sequential scan to find a fitting mAs.
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