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Dose Exposure of Patients Undergoing
Comprehensive Stroke Imaging by Multidetector-
Row CT: Comparison of 320-Detector Row and

SAFETY 64-Detector Row CT Scanners

SAFETY

S. Diekmann BACKGROUND AND PURPOSE: Recently introduced 320-detector row CT enables whole brain perfusion

E. Siebert imaging compared to a limited scanning area in 64-detector row CT. Our aim was to evaluate patient
R. Juran radiation exposure in comprehensive stroke imaging by using multidetector row CT consisting of
I'Vl Roll standard CT of the head, CTA of cerebral and cervical vessels, and CTP.
. Ro
W. Deeg MATERIAL AND METHODS: Organ doses were measured by using LiF-TLDs located at several organ

sites in an Alderson-Rando phantom. Effective doses were derived from these measurements. Stroke
protocols including noncontrast head CT, CTA of cerebral and cervical vessels, and CTP were per-
formed on 320- and 64-detector row scanners.

H.-C. Bauknecht
F. Diekmann

R. Klingebiel RESULTS: Measured effective doses for the different scanning protocols ranged between 1.61 and
G. Bohner 4.56 mSy, resulting in an effective dose for complete stroke imaging of 7.52/7.54 mSv (m/f) for
64-detector row CT and 10.56/10.6 mSv (m/f) for 320-detector row CT. The highest organ doses within

FELLOWS' the area of the primary beam were measured in the skin (92 mGy) and cerebral hemispheres (69.91

s mGy). Use of an eye-protection device resulted in a 54% decrease of the lens dose measured for the

combo protocol for whole-brain perfusion with the 320-detector row CT scanner.

CONCLUSIONS: Phantom measurements indicate that comprehensive stroke imaging with multide-
tector row CT may result in effective radiation doses from 7.52 mSv (64-detector row CT) to 10.6 mSv
(320-detector row CT). The technique of 320-detector row CT offers additional information on the time
course of vascular enhancement and whole-brain perfusion. Physicians should weigh the potential of
the new technique against the higher radiation dose that is needed. Critical doses that would cause
organ damage were not reached.

ABBREVIATIONS: CCT = cerebral CT; CTA = CT angiography; CTDI = CT Dose Index; CTP = CT
perfusion; ICA = internal carotid artery; ICRP = International Commission on Radiological Protec-
tion; LiF = lithium-fluoride; mAs = effective milliampere-second; m/f = male/female; PMMA =
polymethylmethacrylate; TLD = thermoluminescent dosimeter; W (T) = weighting factor
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scanning of the entire intracranial vasculature (4D CTA). The
cervical vessels are imaged by acquisition of an additional spi-
ral CT scan, analogous to 64-detector row CT. Data on the
radiation exposure of 320-detector row CT examinations are
still limited. The aim of the present study, therefore, was to
compare the radiation exposure of stroke imaging performed

c TP in conventionally used multidetector row CT scanners
used to be hampered by perfusion data only being ob-
tained for a small scanning area compared with MR imag-
ing."” The scanning-area width is determined by the detector
width and ranges from approximately 32 to 40 mm for 64-
detector row CT scanners from different manufacturers. To

overcome this problem, Roberts et al’ presented in 2001 the
so-called toggling technique for scanning of a larger region by
acquisition of alternating scans in 2 different toggling-table
positions after administration of a single bolus of contrast me-
dium. Recently introduced CT with 320 detector rows now
enables perfusion imaging of the entire neurocranium. Re-
garding CTA, the increased detector width enables dynamic
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on 320-detector row CT scanners with that of 64-detector row
CT and to discuss the radiation exposure in relation to the
diagnostic benefit expected from dynamic scan data and
whole-brain perfusion imaging.

For measurement of the radiation dose in CT, the CTDI is
used. CDTI 100 is determined by using a 100-mm pencil ion
chamber with a cylindrical PMMA dosimetry phantom. This
definition of CTDI 100 is adequate for CT scanners with a
detector width of =10 cm but needs to be modified for appli-
cation to multisection CT scanners with greater detector
widths.*® The radiation dose of CT with a scanning length
>10 cm is, therefore, given as CTDI “extended.” To ensure
accurate assessment of patient doses by using standard dosim-
etry methods, Mori et al” developed a conversion factor for
CT dosimetry on a 256-section CT scanner. A recently pub-
lished article by Geleijns et al® emphasizes the need for devel-
opment of new metrics in CT dosimetry for application in
wide conebeam CT. CTDI values that are provided by the

AJNR Am J Neuroradiol 31:1003-09 | Jun-Jul 2010 | www.ajnr.org 1003



Table 1: Doses measured for all protocols on 64-row scanner (Toshiba Aquilion 64)

Noncontrast Head CT Perfusion CTA
Dose Weighted Dose Dose Weighted Dose Dose Weighted Dose

Organ W (T) (mGy) (mSv) (mGy) (mSv) (mGy) (mSv)
Hemispheres 0.01 33.31 0.33 66.22 0.66 24.34 0.24
Skin (within scan area) 33.17 75.41 26.27

Skin (total) 0.01 17.43 0.17 379 0.38 13.87 0.14
Eye lenses 41.69 6.74 14.86

Pituitary gland 33.7 14.26 20.07

Bone marrow (scan area) 8.4 41 22.05

Bone marrow (total) 0.12 46 0.56 2.36 0.28 11.88 1.43
Thyroid gland 0.04 1.49 0.06 1.04 0.04 39.17 1.57
Lung 0.12 0.8 0.1 0.48 0.06 299 0.36
Esophagus 0.04 0.36 0.01 0.55 0.02 278 0.1
Breast 0.12 1.69 02 0.39 0.05 1.47 0.18
Liver 0.05 0.37 0.02 0.28 0.01 0.94 0.05
Stomach 0.12 0.53 0.06 0.44 0.05 0.92 0.1
Ovaries 0.08 0.28 0.02 0.33 0.03 0.35 0.03
Lower colon 0.12 0.74 0.09 0.28 0.03 0.24 0.03
Bladder 0.04 0.73 0.03 0.34 0.01 0.57 0.02
Testes 0.08 0.31 0.02 0.27 0.02 0.28 0.02
Effective dose (women) 1.65 1.62 427
Effective dose (men) 1.65 1.61 4.26

scanner after each protocol, therefore, vary according to the
detector width of the scanner. To overcome problems with
different CTDI definitions for comparison of dose exposure
by using CT scanners with different detector widths, we used
TLDs and phantom-based dose measurement to achieve accu-
rate and reproducible results.

Materials and Methods

Phantoms and Dose Measurement

The experiments were performed by using an anthropomorphic Al-
derson-Rando phantom (Phantom Laboratory, Salem, New York)
and an LiF-TLD (TLD 100, Harshaw, Cleveland, Ohio), 6 X 1 mm,
for dose measurement. By using a BV-25 (Philips Medical Systems,
Best, the Netherlands), we calibrated the TLDs according to the tube
potential: 1) 80 kV, 4-mm Al filtering (inbuilt and additional filters),
dose of approximately 4 mGy; 2) 100 kV, 4-mm Al filtering, dose of
approximately 6 mGy. Group 1 TLDs were used for combined scans
(so-called “combo” scans, see “Protocols” for details) (80 kV); those
of group 2 were used for all other protocols (120 kV). The TLDs were
read out after heating and annealing (TLDO oven; PTW, Freiburg,
Germany) in a Harshaw reader (TLD3500, Harshaw) within 24 hours
of measurement.

A total of 27 TLDs were placed in defined sites for each protocol.
The sites included relevant organs in the scanning area (brain, eye
lenses, pituitary gland, thyroid, skin) and sensitive organs outside the
scanning area (spinal cord, ovaries, testes). Two TLDs were placed per
site in these organs. The mean values measured for each site are sum-
marized in Tables 1 and 2 .

The skin dose was measured in the frontal, temporal, and occipital
regions. Temporal skin dose dosimeters were placed within the scan-
ning area of 64-detector row CT (Figs 1 and 2E). The spinal cord dose
was measured by using TLDs placed at the levels of C1 and C5 (within
the scanning area) and T3 and T8 (outside the scanning area). Fol-
lowing the ICRP 103 recommendations, we placed additional TLDs in
the relevant organs and tissues for calculation of the effective dose (1
TLD per site).'” Because the primary aim of our experiment was to
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determine organ doses in the head region for comparison of 64-de-
tector row and 320-detector row CT and because the dose drops
sharply outside the scanning area, we did not measure doses at all
remaining sites of the body according to ICRP 103. The sites of TLDs
are shown in Fig 1. Because the measurement sites in the simulated
organs were determined by the bores in the phantom, accurate place-
ment in smaller organs was not possible. Therefore, 2 TLDs were
placed in the pituitary gland, 1 frontally and 1 posteriorly, adjacent to
the sellar fossa. The TLD for measuring the breast dose was attached
to the phantom surface; an additional breast phantom was not used.
Superficially attached TLDs were also used for measuring the doses to
the eye lenses and the testes.

The dose reduction was accomplished with use of an eye lens
shield made of an alloy mainly consisting of bismuth, antimony, gad-
olinium, and tungsten25 (CT-Eye Protex, Somatex Medical Technol-
ogies, Teltow, Germany) and was investigated by using a film dosim-
etry technique (Kodak X-Omat V, Eastman Kodak Company,
Rochester, New York) with a cylindrical PMMA head phantom (160
mm in diameter). Film dosimetry was used in addition to the previous
measurement with thermoluminescent dosimetry because of its su-

12-14 indicate

perior spatial resolution.'' Results of previous studies
that the accuracy of film dosimetry is approximately *15% compared
with that of thermoluminescent dosimetry. The lens dose was mea-
sured for the combo protocol on the 320-detector row CT scanner
without and with both eye lens shields, which were used for the mea-
surements with both the 64- and 320-detector row scanners. The
verification films were analyzed after calibration (Diados, PTW) by

using optical attenuation (calibrated film verification method).

Protocols

Radiation dose measurements were performed on a 64-detector row
CT scanner (Aquilion 64; Toshiba Medical Systems, Tokyo, Japan)
and on a 320-detector row scanner (Aquilion ONE, Toshiba Medical
Systems) by using standardized protocols for comprehensive stroke
imaging,'> which include noncontrast head CT scans, perfusion im-
aging, and scanning of the cervicocranial vessels starting at the aortic



Table 2: Doses measured for all protocols on a 320-row scanner (Toshiba Aquilion ONE)

Noncontrast Head CT

Noncontrast Head CT

Volume Incremental CTP + CTA (Intractranial) CTA (Neck)
Dose Weighted Dose Dose Weighted Dose Dose Weighted Dose Dose Weighted Dose
Organ W (T) (mGy) (mSv) (mGy) (mSv) (mGy) (mSv) (mGy) (mSv)
Hemispheres 0.01 31.42 0.31 41.91 0.42 69.91 0.7 3.34 0.03
Skin (scan area) 36.86 42.34 92 3.84
Skin (total) 0.01 19.19 0.19 21.47 0.21 46.49 0.46 3 0.03
Eye lenses 40.23 44.31 44.01 2.39
Pituitary gland 25.24 38.93 52.69 5.3
Bone marrow 7.67 12.77 30.17 14.8
(scan area)
Bone marrow 0.12 42 05 6.97 0.84 15.81 19 8.57 1.03
(total)
Thyroid gland 0.04 2.54 0.1 3.39 0.14 5.37 0.21 58.6 23
Lung 0.12 0.78 0.09 0.4 0.05 0.61 0.07 4.36 0.5
Esophagus 0.04 0.5 0.02 0.63 0.03 0.46 0.02 351 0.14
Breast 0.12 1.52 0.18 0.59 0.07 0.98 0.12 217 0.26
Liver 0.05 0.77 0.04 0.42 0.02 0.29 0.01 1.16 0.06
Stomach 0.12 0.63 0.08 0.3 0.04 0.29 0.03 1.18 0.14
Ovaries 0.08 0.48 0.04 1.01 0.08 0.42 0.03 0.36 0.03
Lower colon 0.12 0.46 0.06 0.43 0.51 0.23 0.03 0.29 0.03
Bladder 0.04 0.68 0.03 0.59 0.02 0.74 0.03 0.33 0.01
Testes 0.08 0.29 0.02 0.53 0.04 0.43 0.03 0.34 0.03
Effective dose 1.64 243 3.61 456
(women)
Effective dose 1.62 2.39 3.61 456
(men)

Fig 1. Alderson-Rando phantom. Numbers indicate the sections in which TLDs were placed (Table 1).

arch. For a 64-detector row scanner, the recommended protocol con-
sists of a noncontrast incremental CCT; a CTP, which has a length of
32 mm on the scanner we used; and CTA in the helical mode extend-
ing from the origin of the cervicocranial arteries from the aortic arch
to the vertex (34 cm). A slight deviation from the standardized pro-
tocol had to be made in terms of angulation because this was influ-
enced by the shape of the phantom (see below).

The corresponding protocols for the 320-detector row CT scanner
were comparable in terms of scanning technique and diagnostic in-
formation. We used both scanning modes available on the 320-detec-
tor row CT scanner for unenhanced CCT: 1) acquisition of a volume
dataset during a single rotation, and 2) an incremental CT scan anal-
ogous to the protocol for 64-detector row CT. With the 320-detector
row scanner, a perfusion study and dynamic angiography of the cere-
bral arteries and veins can be performed in 1 procedure. This so-called
combo protocol was used with coverage of the entire neurocranium
(14-cm scanning length). The dataset acquired with the combo pro-
tocol allows generation of both whole-brain perfusion maps and

time-resolved angiograms of the cerebral arteries and veins. The ex-
amination on the 320-detector row CT scanner was supplemented by
neck CTA (spiral scanning analogous to the 64-detector CT proto-
col), resulting in a total scanning length of the CTA protocol of 34 cm
(ie, the same as for 64-detector row CT). Details of the scanning
parameters are summarized in Tables 3 and 4.

Following scanogram acquisition in lateral and frontal projec-
tions, we manually prescribed the noncontrast CCT in accordance
with clinical standards and aligned the gantry angulation to the su-
praorbitomeatal line (Fig 2). Gantry angulation was limited by the
fact that the metallic stabilizers at the head end of the phantom had to
lie outside the scanning area to minimize beam-hardening artifacts;
therefore, parts of the orbits and eye lenses were within the scanning
area. Care was taken to ensure use of identical angulations, section
thicknesses, and scanning areas on both CT scanners investigated.
The standard CT protocols were acquired in the sequential mode on
both scans as in the routine clinical situation. On the 320-detector
row CT scanner, an additional volume scan was acquired. Noncon-
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D, neck CT. Scanograms of the 64-detector row CT scanner: £, CTP; F, CTA

Fig 2. Scanograms of the 320-detector row CT scanner: A, incremental CCT; B, volume CCT; C, combo protocol;

(head and neck) (incremental CCT is analogous to A).

combo, and CTA were performed with a lens-protection device (CT-

trast head CT was performed without lens protection because the eye

Somatex Medical Technologies). For simulation of con-

Eye Protex,

lenses are outside the scanning area when standard gantry angulation

bolus-tracking sequences

>

trast administration in the CTA protocols

is used. Gantry angulation was also used for planning CTP on the

Toshiba Medical Systems) were performed.

>

(SureStart Protocol

64-detector row CT scanner with placement of the scanning area at

tracking sequences were performed to determine the arrival of

Bolus

detector

the level of the basal ganglia. The combo protocol on the 320

the contrast medium bolus in the target area and to start the scanning

row CT scanner (combining CTA of the intracranial vessels and CTP)

at the time of optimal contrast enhancement. A SureStart time of 14

with a 14-cm scanning length and covering the entire neurocranium

during which continuous scans

seconds was used on both scanners,

detector

CTA on the 64
detector row scanner were

was performed without gantry angulation

were acquired at the selected level to simulate manual bolus tracking.

A 14

row scanner and cervical CTA on the 320-

second SureStart time corresponds to a very long circulation

also performed without gantry angulation

time in patients. In the actual clinical situation, SureStart sequences

The CTA scanning extended from the origin of the cervicocranial

are acquired with a delay of 10 seconds after contrast injection be-

from the

arteries from the aortic arch to the superior sagittal sinus (ie,

cause no contrast medium is expected to arrive in the target vessels

T5 vertebra to the vertex). CTA of the cerebral vessels on the 320-

before that time. No test bolus simulation was performed for the

detector row scanner consisted of the combo protocol and neck CTA,

combo protocol or CTP imaging.

>

resulting in an identical overall scanning length of 34 cm. CTP
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Table 3: Parameters of the protocols used on the 64-row CT
scanner

Noncontrast Head CT Scan

Parameter Infratentorial ~ Supratentorial ~ CTP CTA
Lens protection No Yes Yes
Collimation (mm) 2 X 4 4x8 05X 64
Table increment (mm) 8 mm 8 mm None 205
Pitch 1 No 0,614
Tube current (mAs,) 375 250 50 150
Tube current (mA) 250 50 300
Voltage (kV) 120 1202 120
Rotation time 15s 10s 1s 05s
Scan length (mm) 140 32 340.8
Total scan time 248s 457 s 23s
Gantry angulation Yes Yes No

@ The Aquilion 64 scanner at the Department of Radiology, Charité Campus Mitte (Berlin,
Germany) was one of the first scanners of this type installed. Due to a technical limitation,
this Aquilion 64 scanner does not support CTP with 80 kV. Newer versions of the Aquilion
64 scanner allow performing CTP with 80 kV in the same way as the Aquilion ONE does.

Calculation of Effective Dose

The effective dose is defined as the sum of the organ-equivalent doses
weighted by the ICRP 103 organ-weighting factors. Not all organ
doses listed for the remaining body regions in the ICRP 103 guideline
were taken into account in this calculation. These body regions have a
very small weighting factor (0.0086) and are far away from the scan-
ning area (except for the thymus and oral mucosa); therefore, we
assumed that their contribution to the effective dose would be negli-
gible. For organs only partially in the scanning area (skin, bone mar-
row [spinal column]), a mean total organ dose was calculated from
the mean values measured within and outside the scanning area. Ef-
fective doses were calculated separately for men and women.

Results

Organ Doses. The highest organ dose measured in the neu-
rocranium was 92.0 mGy (combo protocol skin dose in the
scanning area on the 320-detector row scanner). The maxi-
mum mean thyroid organ dose was measured for the se-
quences that contain SureStart scans (helical CTA in 64-detec-
tor row CT and helical neck CTA in 320-detector row CT) and
was 58.6 mGy on the 320-detector row CT scanner and 39.17
mGy on the 64-detector row scanner (CTA). The maximum
doses to organs in the head differ between the 2 perfusion
protocols (CTP on the 64-detector row scanner and combo on
the 320-detector row scanner) because the scanning area is
smaller for 64-detector row CTP. The eye lenses and pituitary
gland are outside the scanning area for 64-detector row CTP.

The low doses determined for 320-detector row CTA in
neurocranial organs compared with 64-detector row CT
(mean maximum values determined by skin dosimeters of 3.8
versus 26.3 mGy) can be attributed to the 320-detector row
CTA protocol being restricted to the neck vessels (scanning
area from T5 to the skull base versus T5 to the vertex for
64-detector row CTA), while the cerebral vessels are scanned
as part of the combo protocol. The measured genital doses
ranged from 0.3 mGy (ovaries, noncontrast head CT on the
64-detector row CT scanner) to 1.0 mGy (ovaries, noncontrast
incremental head CT on the 320-detector row CT scanner).

Eye Lens Dose. Incremental CCT without eye lens protec-
tion resulted in mean eye lens doses of 41.7 mGy (64-detector
row CT) and 44.3 mGy (320-detector row CT). The doses
determined for the same protocols with eye lens protection

were the following: 6.7 mGy (CTP, 64-detector row CT), 14.9
mGy (CTA, 64-detector row CT), 44.0 mGy (combo, 320-
detector row CT), and 2.4 mGy (neck CTA, 320-detector row
CT). To verify this result and to exclude potential bias result-
ing from the use of different eye lens protectors, we addition-
ally measured the lens dose of the volume CTP protocol by
using the calibrated film verification method (CTDI phantom
and measurement films) without and with both lens-protec-
tion shields investigated (same manufacturer and type). This
second measurement yielded a surface dose for the eyes (com-
parable with the eye lens dose) for the combo protocol for
whole-brain perfusion by using the 320-detector row CT scan-
ner of 140 mGy without and 65 mGy with lens protection,
corresponding to a 54% lens dose reduction for this protocol.
There were no differences between the 2 lens-protection de-
vices used. The markedly higher skin doses measured by using
the film method can be explained by the fact that the distance
between the surface detectors and the radiation source is
shorter when the CTDI phantom is used because the Alder-
son-Rando phantom has a smaller skull diameter.

Comparison of the doses measured in different body re-
gions and organs (Table 1) shows that the organ doses in the
head (hemispheres and pituitary glands) are smaller for the
320-detector row volume scan than for incremental CCT on
the same scanner, while the overall dose distribution is similar
for both protocols.

Effective Dose. The effective dose for complete stroke im-
aging was calculated by adding the measured organ doses mul-
tiplied by weighting factor (ICRP 103). The calculated effec-
tive dose resulted in 7.52/7.54 mSv (m/f) for 64-detector row
CT and 10.56/10.6 mSv (m/f) for 320-detector row CT. The
dose differences are due to the approximately 4 times larger
z-coverage of the 320-detector row CT (14 cm in the protocol
investigated here) compared with 64-detector row CT (3.2
cm).

Discussion
To our knowledge, this study is the first to investigate the
radiation dose of stroke imaging on the new 320-detector row
CT scanner in comparison with conventional 64-detector row
CT scanners. Our results show the radiation dose of complete
stroke imaging to be higher on the new scanner. However, one
has to keep in mind that z-axis coverage for whole-brain per-
fusion imaging is clearly larger. Moreover, the protocols used
on the 2 CT scanners are not fully comparable. The 2 most
important differences are the following: 1) the scanning areas
of the perfusion protocols are different (ie, whole-brain cov-
erage in 320-detector row CTP versus 3.2-cm fractional brain
coverage in 64-detector row CTP), and 2) the intracranial part
of the cerebral CTA is performed as a dynamic study in 320-
detector row CTA. An analysis of both CTA protocols in terms
of image quality for evaluation of vessel caliber, small arteries,
and aneurysms has been performed in another study.'®
Initial results have also been reported by Klingebiel et a
Tube potential also is an important factor for improvement of
radiation dose and image quality. The use of a lower tube
potential on the 320-detector row CT scanner is also sup-
ported by other investigators who see this as an option to re-
duce the radiation dose while at the same time increasing the
contrast-to-noise ratio of CTA and CTP.'® The 64-detector

1'17
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Table 4: Parameters of the protocols used on the 320-row CT scanner

Noncontrast Head CT

Noncontrast Head

(Incremental)

Combo (Cerebral

Parameter CT Scan (Volume) Infratentorial Supratentorial CTA + CTP) Neck CTA

Lens protection No No Yes Yes

Collimation (mm) 0.5 X 280 2 X 4 2 X 4 0.5 X 320 0.5 X 64

Table increment (mm) No 8 8 none 205

Pitch 1 1 no 0.614

Tube current (mAs,) 320 375 250 100 Tube current modulation
Tube current (mA) 320 250 100 Tube current modulation
Voltage (kV) 120 120 80 120

Rotation time 1s 15s 1s 1s 05s

Scan length (mm) 140 140 160 216

Scan time 7.2 268 s 298 s 3099 s

Gantry angulation Yes Yes Yes No No

row CT scanner we used in our study was a first-generation
Aquilion 64 (Toshiba Medical Systems) and did not support
perfusion imaging at 80 kV, which is possible on newer gen-
eration scanners of this type and also on the Aquilion ONE
(Toshiba Medical Systems). According to the CTDI, data due
to the read out from a CT scan console, the use of perfusion
imaging at 80 kV could result in an approximately 73.8% re-
duction of the dose when using the same protocol. In our
phantom measurements, we used the standard protocols op-
timized for comprehensive stroke imaging on each scanner.

A possible advantage of fast scanning during a single rota-
tion is the reduction of motion artifacts compared with incre-
mental CCT. On the other hand, if motion occurs during a
single-rotation scan, the resulting artifacts affect all sections.
Studies concerning the value of volume scanning compared
with incremental scanning in terms of image quality are not
yet available, to our knowledge. The radiation dose for volume
scanning is comparable with the radiation dose of incremental
CCT in a 64-detector row CT scanner (effective dose in men:
volume scan, 1.62 mSv; 64-detector row incremental CCT,
1.65 mSv).

Concerning measured organ doses of the thyroid, the dis-
crepancy between the 2 scanners cannot be explained by the
protocols used alone; it may be due to a measurement error.
The experimental setup used in our study overestimated the
thyroid dose. A SureStart scanning time of 14 seconds corre-
sponds to a very long circulation time. The high thyroid dose
resulting from manual bolus tracking in the neck area by using
the SureStart technique underlines the importance of protocol
design and the search for alternatives to reduce excessive radi-
ation exposure. The thyroid dose is lower in the routine clin-
ical setting because scans for bolus tracking are acquired with
a delay of 10 seconds.

Another option to reduce the radiation dose is to use dis-
continuous scanning. Instead of the SureStart option, the
scanning delay can be determined by test bolus administration
for calculating the arrival time and scanning delay for the sub-
sequent diagnostic scan. A study of coronary artery CT has
shown enhancement to be more homogeneous when bolus
tracking is used compared with the test bolus method."” We,
therefore, use bolus tracking for CT scanning of head and neck
vessels in routine clinical examinations. Test bolus adminis-
tration is used for perfusion imaging: The scan for determin-
ing arrival of the test bolus is positioned intracranially, pre-
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cluding relevant exposure of the most radiation-sensitive head
and neck organs. When one performs CT perfusion in the
setting of stroke imaging, it is recommended to determine the
delay for CTA of the neck vessels from test bolus administra-
tion instead of acquiring an additional SureStart sequence.
This will significantly reduce the thyroid organ dose.

The discrepancy between the measured genital doses for
both scanners may be due to the fact that in this region only
scattered radiation is measured and TLDs are not exact for the
measurement of low doses.

As with all dose measurements, the doses determined in
our study are dependent on the protocols used. The protocols
we used in this experimental investigation were implemented
and optimized in cooperation with the manufacturer in the
setting of feasibility studies. Their practicality is also ensured
because they have run smoothly and successfully under rou-
tine clinical conditions for >1 year."” Our experience with
these protocols suggests that they are suitable for stroke imag-
ing in terms of image quality. Because we do not use other
protocols like a toggling technique in our institution, those
were not included in this study. Expanding the study to in-
clude other stroke protocols, such as the toggling technique,
could provide another important data point for dose consid-
erations. Because the protocols we used here have been opti-
mized for the intended purpose, dose reduction efforts should
not aim at changing these protocols but rather at selecting the
most suitable method for determining circulation time and
using new techniques such as volume imaging instead of in-
cremental CCT.

Comparison of our Results with Published Organ Doses.
Table 3 lists all organ doses of the entire stroke protocol inves-
tigated in our study. The doses determined with the parame-
ters used on the 64-detector row CT scanner are slightly above
the values reported in the literature'’; however, the reported
doses were obtained for multisection CT scanners from differ-
ent manufacturers with different z-coverages and the use of
different tube potentials (kilovolts) for perfusion imaging. No
data are available for comparison with the doses we measured
for the 320-detector row CT protocol.

The lens dose for volume perfusion imaging on the 320-
detector row CT scanner is higher than the dose for perfusion
imaging on the 64-detector row scanner. Several factors con-
tribute to this difference: The eyes are not within the scanning
area in 64-detector row CT, z-coverage is much larger for the



320-detector row CT protocol (14 versus 3.2 cm), and the
volume scan simultaneously provides the data for CTA. For a
true comparison, one would have to add the doses for the CTA
protocol on the 64-detector row CT scanner. Nevertheless, the
lens dose is clearly highest for the volume CTP protocol even
when lens protection is used. The dose-reducing effect of the
lens protection shield is clearly evident for CTA and the
combo protocol and comparable with that in the litera-
ture.”**> With standard settings without gantry angulation,
the eye lenses are within the scanning area. We used no lens
protection for the incremental scans. Lens protection is not
absolutely necessary because the lenses are outside the beam
when a standard scanning area with angulation at the supraor-
bitomeatal line is used. In our department, we use lens protec-
tion for all routine head CTs. The metallic fixation of the
phantom precluded optimal gantry angulation, which is why
the lenses were within the scanning area in our experimental
setup.

Conclusions

The new 320-detector row CT scanner generation enables per-
fusion imaging of the entire neurocranium and dynamic CTA
of the intracranial vessels. Our experimental results suggest
that perfusion imaging on the new CT scanner is associated
with a higher effective dose while z-coverage is also larger.
Here, the physician has to weigh the expected diagnostic ben-
efits against the risks of a higher radiation dose. Further stud-
ies are needed to evaluate the advantages of the new imaging
options and to define those diagnostic questions that will jus-
tify the higher radiation exposure as opposed to cases in which
a multisection CT scan with a smaller z-coverage field may be
preferred.
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