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Objective: To determine the lowest miliampere-second (mAs) of a cranial computed tomography (CT) scan
that can maintain acceptable image quality on cranial CT scan which might help reducing the risk of cataract
formation.

Material and Method: The present study was performed on the 148 patients in routine daily practice sent for
diagnosis of intracranial conditions by a cranial CT scan. During the cranial CT scanning, each lens’s
radiation dose on patient’s eyes was measured by a thermoluminescent dosimeter. Clinical image quality,
particularly in analysis of gray and white matter differentiation, was evaluated independently using a 5 point
scale by two radiologists.

Results: During standard cranial CT scan protocol with 250 miliampere-second (mAs), the total dose of left
and right lens’s dose were about 50.93 miligray (mGy) and 51.66 mGy, respectively. When applying low dose
cranial CT scan protocols by decreasing mAs to 200, 150 and 100 mAs, the total dose of right and left lens were
of 45.68 mGy and 46.04 mGy for 200 mAs, 34.65 mGy and 34.77 mGy for 150 mAs, 28.73 mGy and 29.25 mGy
for 100 mAs respectively.

Conclusion: A low dose cranial CT scan at 100 miliampere-second provides not only an acceptable clinical
image quality, but also decreases the lens’s radiation dose by 43%.
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Computed tomography (CT) of the head
provides information about head injuries, brain
tumors, and other brain diseases. The main side effect
of cranial CT scan is the radiation absorbed by the
orbits. Previous study found that repeated cranial CT
scan increased the risk of irradiation cataract, especially
in infants and children®. The Beaver Dam Eye Study
reported that both nuclear and posterior subcapsular
cataracts were associated with a history of head CT
scan®@. A threshold of 0.5-2 Gray (Gy) for detectable
lens opacities and a threshold of 4-5 Gy for visual
impairment with lens opacification (cataract) have been
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reported®. Another study indicated that the radiation
doses for development of cataract were 2 Gy with single
dose exposure and 10-15 Gy with long-term exposure®,
One possible way to reduce the radiation dose in
cranial CT scan for cataract protection is to decrease
the tube current milliampere-second (mAs). The goal
of the present study was the determination of the
lowest mAs of a cranial CT scan that can maintain
acceptable image quality on cranial CT scan and thus
reduce the percentage of lens’s radiation dose.

Material and Method

The present study was performed by using
cranial CT scan of 148 patients who were on daily routine
schedule for diagnosis of intracranial conditions by a
cranial CT scan. To homogenize the control of external
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Fig. 1 TLD-100H for dose measurement on lens’s eyes of
patient

factors from the CT machine, a single unit of CT scan
(spiral CT scan) was used with parameters as the x-ray
tube, generator and gantry being the same for all
patients. Only miliampere-second (mAs) was varied
from group to group of patients. The patients were
randomly divided into four groups (each group = 37
patients) applying one of four different mAs; 250, 200,
150 and 100 mAs to each group. During the cranial CT
scanning, each lens’s radiation dose to the patient’s
eyes was measured by a thermoluminescent dosimeter
(Fig. 1). Clinical image quality, particularly in analysis
of gray and white matter differentiation, was evaluated
independently by two radiologists using a 5 point scale
which is detailed as follows: 5 = excellent visualized
image quality of the brain parenchyma attenuation and

excellent in differentiation between gray and white
matter (Fig. 2), 4 = good image quality of the brain
parenchyma attenuation and good in differentiation
between gray and white matter (Fig. 3), 3 = adequate
image quality of the brain parenchyma attenuation and
moderate in differentiation between gray and white
matter (Fig. 4), 2 = marginally acceptable image quality
of the brain parenchyma attenuation and fair in
differentiation between gray and white matter (Fig. 5)
and 1 = unacceptable image quality of the brain
parenchyma attenuation and poor in differentiation
between gray and white matter (Fig. 6).

Fig. 3 Good visualized image quality (score = 4)

Fig. 2 Excellentvisualized image quality (score = 5)
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Fig. 4

Acceptable visualized image quality (Score = 3)
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Results

The present study showed no significant
difference in visual assessment of the clinical image
quality by two radiologists. The mean value of visal
assessment score between patients with standard
protocol 250 miliampere-second (mAs) and 200 mAs
protocol for providing good image quality (grade 4).
However, the authors can further reduce the radiation
dose to 150 mAs and 100 mAs where clinical image
quality in differentiating between gray and white
matter still remained as acceptable visalized image
quality (grade 3) (Table 1). During standard cranial CT

Fig. 5  Marginal visualized image quality (Score = 2)

Fig. 6  Unacceptable visualized image quality (Score = 1)
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scan protocol with 250 mAs, the total dose of left and
right lens’s dose were about 50.93 miligray (mGy) and
51.66 mGy, respectively. When applying low dose
cranial CT scan protocols by decreasing the mAs to
200, 150 and 100 mAs, the total dose of right and left
lens were 45.68 mGy and 46.04 mGy for 200 mAs, 34.65
mGy and 34.77 mGy for 150 mAs, 28.73 mGy and 29.25
mGy for 100 mAs respectively (Table 2). Therefore, with
a low dose cranial CT scan at a minimum of 100 mAs,
the authors can reduce the lowest radiation dose up to
43% (Fig. 7) with an acceptable image quality.

Table 1. The results of image quality for various mAs setting
at 250, 200, 150 and 100 mAs, respectively

Observers 250 mAs 200 mAs 150 mAs 100 mAs
1.00
Mean 4.0 4.0 3.4 3.0
n 37 37 37 37
Std. deviation 0.6 0.7 0.9 1.0
2.00
Mean 3.6 3.8 3.3 2.8
n 37 37 37 37
Std. deviation 0.7 0.8 0.9 1.1
Total
Mean 3.8 3.9 3.4 2.9
n 74 74 74 74
Std. deviation 0.7 0.7 0.9 1.0

Table 2. The lens’s dose of cranial CT scan on left and right
side, when various mAs setting

Left side lens ‘s dose (MGy)

mAs  Base of skull  Above base of skull Total dose
(5 mm, 140 kVp) (10 mm, 120 kVp)
250 29.10 + 4.40 23.98 + 3.69 50.93 + 6.37
200 24.55 + 2.66 21.13+2.61 45.68 + 5.12
150 19.47 + 3.27 15.18 +2.82 34.65 +5.73
100 15.95 + 2.79 12.79 + 2.90 28.73+5.35
Right side lens ‘s dose (mGy)
mAs  Base of skull  Above base of skull Total dose
(5 mm, 140 kVp) (10 mm, 120 kVp)
250 29.08 + 4.79 24.08 + 3.69 51.66 + 7.53
200 24.84 + 2.88 21.20 +2.61 46.04 + 4.83
150 19.54 + 3.27 15.22 + 2.82 34.77 + 5.83
100 16.42 + 2.97 12.82 +2.90 29.25+5.72
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Fig. 7 The percent reduction of lens’s radiation dose were

increase with various mAs setting decrease

Discussion

The optimal milliampere-second (mAs)
settings for cranial CT scan that can provide excellent
image quality were 250 and 200 mAs, but a low dose
cranial CT scan at 100 mAs provides not only an
acceptable clinical image quality, but also decreases
of the lens’s radiation dose by 43%. The low dose
technique should be considered in groups of patients
with a high incidence of cataract formation such as
the pediatric population and patients who may need
serial follow up cranial CT scan. In Germany®, CT
contributes one third to the collective radiation dose,
which thirty-five percent of these examinations
comprised of CT brain with a mean effective dose of
1 millisivert (mSv) to5mSv. In 1997, S E Kearney, et al®
reported reducing mAs in the sinus CT scans of two
groups of 20 patients with normal sinuses, or minimal
sinus diseases. There was no discernible difference
between the two examinations in which both clearly
showed the relevant anatomy. In 2001, SA Sohaib
et al® studied the effect of reducing mAs on the
diagnostic quality of images and the radiation dose
to the orbits in patients undergoing sinus CT. No
significant difference was shown between any of the
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four groups in term of image quality. Mean radiation
dose to the orbits was reduced by 77%, from 13.5 mGy
at 200 mAsto 3.1 mGy at 50 mAs. From the knowledge
gained from these previous studies, it is judged
that there was a direct association of adjusting the
technique parameter such as mAs, image quality of CT
scan and radiation dose. It is also important to be
concerned with the diagnostic purpose of CT scan
when adjusting the technique parameter (mAs setting)
in order to reduce to radiation dose, without a loss of
image quality.
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