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CT of the Head by Use of Reduced Current and
Kilovoltage: Relationship between Image Quality and
Dose Reduction

Mathias Cohnen, Hubert Fischer, Jurgen Hamacher, Evaldo Lins, Rolf Kotter, and Ulrich Modder

BACKGROUND AND PURPOSE: CT is a frequent examination that is performed using
ionizing radiation. We sought to assess image-quality changes on CT scans of the head when
the radiation dose is reduced by changing tube current and kilovoltage.

METHODS: A formalin-fixed cadaver was examined in conventional and helical mode by
use of two CT-scanners. Surface dose was measured with standard scanning parameters, and
after reduction of tube current and kilovoltage. Five experienced examiners independently
evaluated subjective image quality.

RESULTS: In the conventional mode, the highest surface dose was 83.2 mGy (scanner 1:
helical mode, 55.6 mGy), and 66.0 mGy (scanner 2: helical mode, 55.9 mGy). By changing kVp
and mAs, a dose reduction of up to 75% (scanner 1), and 60% (scanner 2) was achieved. No
observable differences in image quality between scans obtained with doses from 100% to 60%
of standard settings were noted. Ten of 20 images obtained with the highest dose and 13 of 20
images obtained with lowest dose (19-29.4 mGy) were reliably identified by subjective quality
assessment. Scans produced with a surface dose of less than 30 mGy were judged

uninterpretable.

CONCLUSION: Standard parameters used in cranial CT are oriented toward best image
quality. A dose reduction up to 40% may be possible without loss of diagnostic image quality.

In Germany, CT contributes one third to the col-
lective radiation dose given for medical purposes,
although it represents only 2% to 5% of al radio-
logic examinations (1, 2). Thirty-five percent of
these examinations comprise CT of the head, with
a mean effective dose of 1 mSv to 5 mSv (3, 4).
When examinations are repeated after administra-
tion of contrast material, the usual skin entrance
dose between 10 mGy and 50 mGy will be doubled
(5-9). The advent of helical scanning with rapid
acquisition times and new diagnostic fields (eg, CT
angiography) will lead to a further increase in CT
examinations.

Patients examined or treated for complex or
chronic disease (eg, malformation, tumors, trauma,
and vascular disease) often undergo multiple CT
studies. This applies, for instance, to children with
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malfunctioning ventricular shunts in hydrocepha-
lus. Although initial examinations are oriented to-
ward identification of subtle changes of intracere-
bral structures, the main purpose of control studies
is to identify complications and gross morphologic
changes. As this often involves structures with rel-
atively high contrast-enhancing features (eg, bleed-
ing or ventricular size), an alteration of *‘ standard”
scan settings seems possible.

Previous work concentrating on dose reduction
showed that in high-contrast imaging (eg, imaging
of lung or bone), low-dose examinations did not
result in a loss of diagnostic information. (10-13).
It remains unclear if a dose reduction may be fea
sible in view of the low contrast of intracranial
structures.

Therefore, this study was undertaken in order to
evaluate the possibility of a reduction in radiation
dose delivered during cranial CT in the conven-
tional and helical mode. Systematic changes of
scanning parameters were analyzed with respect to
resulting image quality.

Methods

Phantom

A human cadaver specimen served as phantom (head and
neck), which was formalin-fixed for more than 3 months.
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TABLE 1. Technical data of CT sanner

Manufacturer Siemens Toshiba

CT scanner type Somatom AR.SP  Xpress SX
Gantry 60 cm 72 cm
Distance focus 89 cm 105 cm

detector
Distance focus 51 cm 60 cm

isocenter
Tube filters 6.5 mm Al 1 mm Al
Additional filters — 2 mm Al, 0.1 mm Cu
Time of rotation/360° 3.0 sec 1.0 sec

(conventional mode)
Time of rotation/360° 1.9 sec 1.0 sec

(helical mode)

CT Scanners

Two CT scanners were used to perform CT examinations in
conventional and helical mode: (Xpress SX; Toshiba Medical
Systems, Japan/Somatom AR.SP; Siemens Medizingeratetech-
nik, Germany). Technical data are listed in detail in Table 1.
Apart from the geometry, the scanners differ in their filter sys-
tems. Furthermore, the Toshiba CT is a 1-second scanner,
whereas the Siemens CT needs 3 seconds in conventional and
1.9 seconds in helical scanning per rotation.

Dosimeters

Lithium-fluoride-thermoluminescent dosimeters (LiF-TLD;
3.2¢3.2*0.9 mm) were used to measure the skin entrance dose
at the tuber frontale, the eye lenses, and the thyroid gland,
respectively. Within 24 hours after exposure, the LiF-TLD
were read out by use of an automatic detector system type
(Filtrol 2000 D; Harshaw, Cleveland, USA). As accuracy rang-
es of LiF-TLD lie between 5% and 10%, reliability of mea-

HELICAL CT 1655

surements was improved by using three dosimeters per loca-
tion and performing each study protocol twice. Surface
entrance doses were defined and calculated as a mean of the
resulting data.

Protocols

After acquiring a digital projection radiograph (topogram,
scout) the scan volume was manually defined with a gantry
angulation, according to the supraorbitomeatal line. First, a
standard CT examination of the head was performed. For the
Toshiba scanner, the parameters were 135 kVp, 270 mA (con-
ventional), and 120 kVp, 185 mA (helical); for the Siemens
scanner, the parameters were 130 kVp, 105 mA (conventional)
and 130 kVp, 83 mA (helical). Helical reconstruction mode
was set to “‘slim” (180° reconstruction agorithm). Generally,
dlice thickness was chosen according to routine procedures so
that, in conventiona scanning, it was set at 3 mm for the skull
base, 5 mm at the petrous bone, 7 mm supratentorialy (To-
shiba CT), and 5 mm for the entire examination for the Sie-
mens scanner. For the Toshiba scanner, this was changed to a
2-mm slice thickness (skull base, petrous bone) and a 7-mm
slice thickness supratentorially during helical scanning. For de-
tails on scanning protocols, see Tables 2 and 3.

Second, tube current and voltage were reduced both in the
conventional and helical mode. In the conventional mode, scan-
ning parameters were reduced stepwise to 120 kVp, 100 mA
(Toshiba), and 110 kVp, 63 mA (Siemens). In the helical mode,
parameters were decreased to the lowest kVp and mA setting
possible, which in the case of the Toshiba scanner was the CT
fluoroscopy setting (80 kVp, 50 mA). For the Siemens scanner,
settings were 110 kVp, 63 mA.

Owing to the limited heating capacity of the tube, pitch factor
had to be increased twofold when using the Siemens scanner, with
higher kVp and mAs settings (see Table 3B) in order to scan the
entire phantom. Consequently, protocols were performed with a
dice thickness of 5 mm and a table movement of 10 mm. One
protocol was done with 3-mm dlice thickness and a 6-mm table

TABLE 2A: Scan parameter, skin entrance dose, and image noise of cerebellar and supratentorial parenchyma (conventional mode,

Xpress SX)
Scan Parameter Skin Entrance Dose [mGy] Noise [HU]
Code KVp MA mAs Tuber Frontale Eye Lens Thyroid Post. Fossa C. Semiov.
M 135 270 6580 83.2 (100%) 17.6 13 85 34
\Y 135 200 4970 58.7 (70.5%) 427 11 8.6 3.7
Y 135 100 2670 30.7 (36.9%) 7.6 0.6 114 52
L 120 270 6580 55.6 (66.8%) 14.8 0.9 9.8 4
H 120 200 4970 45.9 (55.2%) 16.9 0.8 9.6 48
D 120 100 2670 24.6 (29.6%) 16.1 0.6 133 59

Note—Slice thickness: 3 mm (skull base), 5 mm (petrous bone), 7 mm (supratentorial). Table movement corresponding (pitch factor: 1); 23
slices per examination. Scout view: 120 kVp, 370 mAs.

TABLE 2B: Scan parameter, skin entrance dose, and image noise of cerebellar and supratentorial parenchyma (conventional mode, so-

matom AR.SP)
Scan Parameter Skin Entrance Dose [mGy] Noise [HU]
Code KVp MA mAs Tuber Frontale Eye Lens Thyroid Post. Fossa ~ C. Semiov.
130 105 8855 66.0 (100%) 70.3 13 53 45
G 130 83 7073 58.7 (88.9%) 48.3 12 55 48
S 130 63 5453 45.6 (69.1%) 38.8 0.9 6.7 58
(0] 110 105 8855 49.2 (74.5%) 51.8 0.8 6.6 55
z 110 83 7073 42.7 (64.7%) 40.2 0.9 7.2 59
E 110 63 5453 29.4 (44.5%) 28.6 0.6 7.8 6.1

Note—Slice thickness: 5 mm, table movement corresponding (pitch factor: 1); 27 slices per examination. Topogram: 110 kVp, 350 mAs.
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TABLE 3A: Scan parameter, skin entrance dose, and image noise of cerebellar and supratentorial parenchyma (helical mode, Xpress SX)

Scan Parameter Skin Entrance Dose [mGy] Noise [HU]
Code KVp MA mAs Tuber Frontale Eye Lens Thyroid Post. Fossa ~ C. Semiov.
P 120 185 10390 55.6 (100%) 235 12 7.6 38
U 120 150 8525 44.2 (79.5%) 25.0 13 7.7 37
R 120 100 5860 29.6 (53.2%) 8.1 0.9 9.2 45
Q 100 185 10390 39.6 (71.2%) 8.9 0.8 11 4.6
N 100 150 8525 28.5 (51.3%) 75 0.7 115 4.9
C 100 100 5860 19.0 (34.2%) 6.4 0.6 13.9 6.5
| 80 50 3195 5.8 (10.4%) 2.8 0.3 355 139

Note—Slice thickness: 2 mm (skull base, petrous bone), 7 mm (supratentorial). Pitch factor: 1, 53.3 sec scan time. Scout view: 120 kVp, 370

mAS.

TABLE 3B: Scan parameter, skin entrance dose, and image noise of cerebellar and supratentorial parenchyma (Helical mode, Somatom

AR.SP)
Scan Parameter Skin Entrance Dose [mGy] Noise [HU]

Code KVp MA mAs Tuber Frontale Eye Lens Thyroid Post. Fossa ~ C. Semiov.
B 130 83 4766 55.9 (100%) 32.3 0.9 7.3 6.1

T 130* 105* 4540* 51.3 (91.8%) 354 0.7 8.1 6.6

A 130** 105** 5138** 32.1 (57.4%) 22.6 0.7 9.1 6.4

X 130 63 3701 27.3 (48.8%) 25.1 0.5 9.8 7.7

W 110* 105* 4540* 29.1 (52.1%) 15.4 0.5 8 7.7

J 110 83 4766 29.0 (51.9%) 24.7 0.6 9.2 8.9

F 110 63 3701 19.4 (34.7%) 209 0.4 9.9 8.8

Note—Slice thickness: 5 mm, pitch factor: 1, 53.2 sec scan time. *Slice thickness, 5 mm, pitch factor: 2, 39.9 sec scan time. ** Slice thickness
3 mm (skull base, petrous bone), 5 mm (supratentorial), pitch factor: 2, 45.6 sec scan time. Topogram: 110 kVp, 350 mAs.

movement (skull base, petrous bone), and a 5-mm dlice thickness
and 10-mm table movement supratentorially.

The resulting 13 protocols per scanner (six conventional,
seven helical) were documented as hardcopy film with com-
parable window widths (WW) (WW:200 HU at the skull base,
100 HU at the posterior fossa/frontobasis, 85 HU supratento-
rially; window level [WL]:35 HU; and magnification factor).

Quality Assessment

Primarily, the resulting films were ranked and numbered ac-
cording to falling surface dose measured at the tuber frontale.
This ranking order was defined as our standard of reference.
Presuming that higher radiation dose results in better image
quality, a detectable image quality degradation was expected
in scans obtained with a reduced surface dose.

The scans were reviewed in four groups. for each scanner
type and scanning mode separately (Toshiba: conventional and
helical; Siemens. conventional and helical). Films were named
by randomly assigned letters and presented in a masked fash-
ion so that the reviewers were blinded to technical data or
surface dose. Five examiners with several years experiencein
CT of the brain (two radiologists [M.C., U.M.], two neurora-
diologists [H.F, E.L.], and one neurosurgeon [JH.]) were
asked to list all films according to subjective image quality,
with the film considered to be of best subjective image quality
numbered 1, and the scans with the worst quality numbered 6
or 7, respectively. Quality differences between examinations
(helical or conventional) obtained from the same scanner had
to be assessed semiquantitatively: no difference, just detect-
able, and important quality difference. Thus, images obtained
with the highest dose and the ones with the lowest dose had
to be identified by quality, and the examiners had to comment
on unacceptable image quality.

In total, 20 subjective rankings (four modes, five examiners)
were compared with the standard-of-reference ranking order

generated by falling surface dose. Statistical analysis was per-
formed using the Wilcoxon signed rank test with a significance
level of P = .05.

Image Noise

Regions of interest were placed bilateraly in the cerebellar
parenchyma (* posterior fossa’’) as well as in the periventric-
ular white matter (*‘centrum semiovale’’), with a mean area of
2.5 cm? = 0.2. The attenuation values calculated by the im-
plemented CT software were used to evaluate image noise.

Results

Dose Measurements

The maximal skin entrance dose depended on the
scan mode. At the tuber frontale, a surface dose of
83.2 mGy (Toshiba Xpress SX), and 66.0 mGy
(Siemens Somatom AR.SP) was found for standard
parameters in conventional scanning. Surface dose
in standard helical scanning was 55.6 mGy (Toshi-
ba scanner) and 55.9 mGy (Siemens scanner).

As the tuber frontale was exposed by the primary
beam in all examinations, the measurements on this
region of the forehead were used to compare the
different protocols. The other organs were posi-
tioned at the border of the field of interest (eye
lenses) or definitely outside with scatter exposure
only (thyroid gland). At the thyroid gland, between
0.9 and 1.3 mGy were found. The skin entrance
dose at the eye lenses tended to be lower than the
values at the tuber frontale apart from protocol
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“K’” (conventional mode, Siemens Somatom
AR.SP), where the observed difference was within
the accuracy range of LiF-TLD. Detailed infor-
mation on dose values in all tested protocols are
displayed in Tables 2 and 3.

The stepwise reduction of kilovoltage and mil-
liamperage resulted in a gradual decrease of the
skin entrance dose at the tuber frontale. Single
analysis of kVp reduction reveas that, in conven-
tional scanning, the maximal dose can be decreased
by a mean of 15.5 mGy per 15 kVp (25%, Toshiba)
and 16.3 mGy per 20 kVp (28%, Siemens), re-
spectively. In helical CT, the mean values are 14.1
mGy per 20 kVp (33%, Toshiba) and 19 mGy per
20 kVp (40%, Siemens).

The effect of altering milliamperage similarly led
to a decrease in surface dose in conventional CT
between 9.7 mGy per 70 mAs (17.4%), and 28
mGy per 100 mAs (47.7%, Toshiba). For the Sie-
mens scanner, 7.3 MGy per 66 mAs (11.1%), and
13.3 mGy per 60 mAs (31.1%) were found.

In total, the alteration of scanning parameters re-
sulted in a decrease of the skin entrance dose at the
tuber frontale in conventional CT by 58.6 mGy
(70.4%, Toshiba) and 36.4 mGy (55.5%, Siemens).
In helical CT, a dose reduction of 36.6 mGy
(63.8%, Toshiba) and 36.5 mGy (65.3%, Siemens)
was achieved.

Quality Assessment

The subjective semiquantitative rating according
to image quality was incongruent to the ranking
according to falling surface dose. Only one of 20
subjective ratings reflected this dose-related order.
In general, films obtained with 100% to 60% of the
initial dose could not be reliably identified by sub-
jective assessment of image quality. Ten (50%) of
the 20 images produced with maximal skin en-
trance dose were correctly named, whereas 13 of
20 images obtained with the lowest entrance dose
were identified (65%). One examiner identified the
minimal dose scans in all four cases, and two ex-
aminers identified the minimal dose scans in three
of four cases.

Analysis of the most prominent dose reduction per
group (M to V [24.5 mGy], Toshiba conventional; G
to O [9.5 mGy], Siemens conventional; Pto U [11.4
mGy], Toshiba helicadl; T to A [19.2 mGy], Siemens
helical) showed that a clear quality difference with a
better subjective image qudity of the higher dose im-
age was seen in one of 20 cases, whereas in 10 films,
only a marginaly better image quality was noted for
the images produced by higher dose. Other judge-
ments (no quality difference, images obtained with
lower dose judged as better quality) were made in
40% (eight of 20).

The statistical analysis of the subjective assess-
ment of image quality in relation to surface dose
revealed that, in conventional scanning with the
Siemens scanner, a significant quality difference
could only be observed between images produced
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Fic 1. Subjective quality assessment (grade 1-6) plotted
against surface dose (mGy) used in conventional scanning with
the Toshiba Xpress SX, showing an inverse linear relationship.
Dotted lines represent the standard error of the mean in scans
with 135 kVp, full lines in scans with 120 kVp.
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Fic 2. Subjective quality assessment (grade 1-6) plotted
against surface dose (mGy) used in conventional scanning with
the Siemens Somatom AR.SP, showing an inverse linear rela-
tionship. Dotted lines represent the standard error of the mean
in scans with 130 kVp, full lines in scans with 110 kVp.

by the two highest doses in contrast to the images
produced by the two lowest surface doses. Con-
ventional scanning with the Toshiba scanner did not
show a significant difference in subjective quality
dependent ranking when compared with surface
dose (Figs 1 and 2).

For helical scans, findings were dependent both
on changing tube current and kilovoltage. Films
with constant 120 kVp obtained from the Toshiba
Xpress SX scanner (scans P, U, and R) did not
show a significant difference in subjective quality
assessment in relation to surface dose. Among the
scans with 80 or 100 kVp, a significant subjective
quality difference was found when comparing
scans Q and N to C and I, respectively. C and |
were unanimously characterized as not suitable for
routine purposes and reliably identified as lowest-
dose images. Comparing the different levels of kil-
ovoltage, subjective image quality of scans P U,
and R (120 kVp) was significantly better than that
of scans C and | (100 kVp). With the exception of
scans P and Q, no quality difference was observed
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Fic 3. Subjective quality assessment (grade 1-7) plotted
against surface dose (mGy) used in helical scanning with the
Toshiba Xpress SX. Dotted lines represent standard error of the
mean of scans with 120 kVp, full lines of scans with 100 kVp.
The 80 kVp scan was unanimously rated as a 7.

between scans B, U, R, Q, and N. The difference
in subjective assessment between scans P and Q (P
= .042) represents a dose reduction of 26 mGy or
28.8% (Fig 3).

Helical scans (B, T, A, and X) obtained with the
Siemens Somatom AR.SP scanner did not show a
significant quality difference expressed by subjec-
tive quality assessment apart from scans B and A.
They represent a dose difference of 23.8 mGy
(42.6%). Furthermore, scan A was performed with
a pitch of 2, so that a broader section-sensitivity
profile may be the reason for this finding. No dif-
ference was found among scans with a lower kVP
(W, J, and F). When comparing scans performed
with 130 kVp and 110 kVp, a significant difference
in subjective quality assessment could be demon-
strated between B and W as well as B and F, re-
spectively. Detailed analysis revealed in scans with
the same pitch (p = 1) and lower mAs (B vs F) a
dose reduction of 36.5 mGy (65.3%), whereas with
an increase in pitch (p = 2) and comparable mAs
(B vs. W), a dose reduction of 26.8 mGy (47.9%)
was reached (Fig 4).

Images obtained from both scanners with less
than 30 mGy skin entrance doses were judged un-
suitable for diagnostic purposes (scans D, C, I, F).

Image Noise

Image noise was inversely related to surface
dose. CT software determined image noise to be
between 4.5 HU and 9.9 HU with the Siemens CT
scanner, and 3.4 HU and 35.5 HU with the Toshiba
CT scanner. Results are listed in detail in Tables 2
and 3. For both scanners, image noise in the cere-
bellar parenchyma (*‘ posterior fossa’) was signifi-
cantly higher than in the centrum semiovale (P =
.05). Compared with the Siemens scanner, image
noise was higher on conventional scans obtained
by the Toshiba Xpress SX scanner. For helica
scans, no significant difference in measured image
noise between the two CT scanners could be found.
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Fic 4. Subjective quality assessment (grade 1-7) plotted
against surface dose (mGy) used in helical scanning with the
Siemens Somatom AR.SP. Dotted lines represent the standard
error of the mean of scans with 130 kVp, full lines of scans with
110 kVp.

Regarding surface dose and image noise, an in-
verse linear relationship was noted. A dose reduc-
tion of 10 mGy led to an average increase of image
noise of 0.5 HU to 1.8 HU, yielding a correlation
coefficient (r) between 0.62 and 0.97.

The subjective assessment of image quality and
noise showed a direct linear correlation. This be-
came particularly evident when reviewing images
obtained by conventiona mode with the Siemens
CT scanner and on images obtained by helical mode
with the Toshiba X press SX. Conventional CT scans
considered to be adequate for diagnostic purposes
did not reveal more than 6 HU of noise at the height
of the centrum semiovale or 11 HU at the height of
the posterior fossa (Tables 2 and 3).

Discussion

The frequency of CT examinations, and its con-
comitant radiation dosing, is steadily increasing
since its advent 25 years ago. Our results show that
in new fourth-generation helical scanners, surface
doses used in earlier studies are till in use (7, 9,
14-16). With conventional CT, we found a surface
dose of 66 MGy to 83 mGy caused by direct ex-
posure of the primary beam. A tendency toward
lower doses (56 mGy) was seen in helical scanning
because of different preset scan settings with lower
milliamperage and kilovoltage.

In general, helica CT with a pitch factor of 1
does not reduce radiation dose (17, 18). Owing to
the limited heating capacity of X-ray tubes, lower
scan parameters are often chosen for helical CT.
These data are consistent with findings from other
studies (7, 8, 14, 19). The doses described herein
are well below any critical threshold for cataract for-
mation, as this occurs after a single dose of 2 Gy or
more. Slight lens calcifications were observed after
irradiation with 0.5 Gy (6, 20). Even repeated ex-
aminations do not reach critical dose values in this

respect.
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A threshold for the development of thyroid ma-
lignancies, however, is not known, and therefore
any radiation exposure may be hazardous. In the
present study, surface doses of 0.9 to 1.3 mGy were
found, which correspond to an effective dose of
approximately 0.06 mSv when multiplied with the
weighted conversion factor 0.05 (ICRP 60), con-
firming results of earlier studies (7).

The radiation exposure to the bone marrow in the
skull may be important, which is believed to rep-
resent 5% to 10% of the total marrow in adults (8,
21). Thus, an approximate effective dose of 0.1 mSv
may be applied during ‘‘standard” crania CT. In
children, CT of the brain results in a possible effec-
tive dose of up to 0.4 mSv to the cavarium, in
which 25% to 30% of the bone marrow is localized
(22). Because multiple scans may be performed in
pediatric patients, (eg, shunt and ventricle size con-
trol), emphasis should be placed on radiation pro-
tection and lowering exposure when possible.

In this context, the exemption of risk organs
from primary beam exposure has to be emphasized.
The surface doses at the eye lenses are sometimes
comparable to the doses measured at the tuber fron-
tale, but may be four times lower. This can be at-
tributed to the fact that the scan plane was posi-
tioned manually according to the supraorbitomeatal
line by help of a digital projection radiograph. If
gantry angulation is carefully chosen in a way that
the orbit is spared from primary beam exposure, a
dose reduction of up to 75% is achievable without
any loss of information. Previous experience re-
veals that dose may be reduced by a factor of 5 to
10 when the scan volume is properly positioned (9,
23, 24).

Alteration of kilovoltage and milliamperage rep-
resents a different way to reduce radiation expo-
sure. Our data show that a maximal dose reduction
up to 70% in conventional scanning and 65% in
helical CT may be achievable. As there is a direct
relation between image noise and photon flux, dose
reduction by lowering kVp and mAs may lead to
a degradation of image quality (18). The higher the
radiation exposure, the more photons are detected
by the CT system, and the lower the image noise
will be (19, 25). Image noise, geometrically or soft-
ware-related (eg, reconstruction algorithms) char-
acteristics of a CT scanner and individual patient
factors (eg, skull thickness) influence contrast res-
olution. With crania CT, relatively low-contrast tis-
sues are to be visualized. Because there is no es-
tablished objective method to quantify diagnostic
image quality, the present study had to rely on a
semiquantitative subjective assessment of image
quality by five examiners experienced in CT scan-
ning of the brain.

In earlier studies working on low contrast reso-
lution, only a slight correlation could be found be-
tween reduced dose and a recognition of high-qual-
ity image criteria (26). In high-contrast imaging
(eg, imaging of the lung or bones), a relevant loss
of information does not occur even if dose is re-
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duced by 50% or more (10-13). In addition, detec-
tion of mediastinal abnormalities was not impaired
(12). On the other hand, streak artifacts due to
beam hardening at the border of high-contrast
structures became more prominent on low-dose im-
ages. Although this rarely affects the diagnostic
value of a scan (13), artifacts play an important role
in scanning of the posterior fossa.

Analysis by CT software showed that, in both
scanners, image noise was significantly higher in
the cerebellar parenchyma (** posterior fossa’’) than
at the centrum semiovale, suggesting the influence
of beam hardening due to the petrous and facial
bones. Image noise tended to be higher in helica
scanning, taking into account the different ways of
image reconstruction from raw data as well as the
lower dose applied in helical CT. Particularly, low-
ering tube current led to an increase in image noise
so that higher kVp should be recommended for
scanning the skull base to minimize beam harden-
ing. Despite comparable surface doses that were
applied, the reason for higher image noise on con-
ventional scans obtained from the Toshiba as com-
pared with that from the Siemens scanner remains
unclear. This phenomenon may be attributed to in-
herent hardware components.

Minimal tube current and kilovoltage will be
necessary to produce diagnostic images. In our
study, images obtained with less than 30 mGy sur-
face dose in the area of the primary beam were
unanimously considered inadequate in diagnostic
quality. Interestingly, a significant difference in
subjective image quality between scans obtained
with 100% to 60% of the maximal surface was not
found. As more minimal- than maximal-dose scans
were correctly identified (13/20 vs 10/20) low-dose
scans may be easier to identify owing to increas-
ingly grainy images.

Although higher dose means less image noise on
CT scans, previous studies did not show a signifi-
cant improvement of image quality with high-dose
CT (26). The present study confirms this finding.
Subjective quality assessment of CT scans gener-
ated by high-dose technique was not significantly
different from that of films generated with doses as
low as 60% of the maximal surface dose.

In accordance with other data (11), our study
implies a nearly linear inverse relation between
surface dose and image noise. A dose reduction
of 10 mGy leads to an average increase of image
noise by 0.5 HU to 1.8 HU. Conventional CT did
not show more than 6 HU noise at the centrum
semiovale and 11 HU at the posterior fossa on
images obtained by both scanners considered to
be of diagnostic quality. Previous studies assumed
10 HU as the threshold for image noise sufficient
for diagnostic purposes of CT (10). Obviously,
this cannot be generalized, because noise not only
depends on anatomic region, but on inherent tech-
nical details of the scanner and the chosen param-
eter settings.
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A limitation of our study is the use of a human
anatomic phantom. After preparation and formalin
fixation, X-ray attenuation and morphologic struc-
ture are different from that of normal human tissue.
Assessing image quality in the context of a cadaver
cannot be compared with a clinical diagnostic sit-
uation. However, in the context of repetitive scan-
ning, a phantom experiment was mandatory. As
relative image quality and its dependance on sur-
face dose reduction had to be assessed, the de-
scribed method seemed appropriate. Nevertheless,
further studies will be necessary to evaluate how
much radiation doses can be reduced and how these
new parameters may be applied in a clinical con-
text. We suggest that such a reduction will most
likely be feasible where multiple control CT scans
are required.

Conclusion

Scan parameters of *‘ standard’” examination pro-
tocolsin cranial CT implemented by manufacturers
are oriented toward attaining best image quality in
order to meet the highest diagnostic criteria. The
parameter settings are chosen under aspects of ra-
diation protection as well as physical tube limita-
tions. Nevertheless, considerable dose reduction
without loss of relevant information or image qual-
ity can be achieved in situations in which relatively
high contrast-enhancing pathologic characteristics
are suspected (eg, postoperative bleeding, ventricle
size in shunt control). Our study suggests that sur-
face dose in standard scanning may be reduced by
up to 40% by changing kilovoltage and milliam-
perage. Knowledge of the radiation dose applied in
ones own institution and individual adaptation of
scan parameters by the examiner may contribute
substantially to radiation protection according to
the ALARA (as low as reasonably achievable)
principle.
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