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Background * CT is the standard equipment for assessing a variety of disorder
in children. More than half of pediatric CT examinations at King
Chulalongkorn Memorial Hospital (KCMH) are related to the brain.
Nevertheless, there is no available data of pediatric radiation
dose from CT brain at KCMH.

Objective : To investigate the radiation dose when CT brain is performed
and compare with the previously published dose reference
levels (DRLs) in order to minimize or eliminate the amount of

unnecessary radiation exposure.

Design * Retrospective descriptive data.

Setting : Department of Radiology, Faculty of Medicine, Chulalongkorn
University

Materials and Methods : Of the total 349 examinations in 2009, volume CT dose index

(CTD/VD), dose length product (DLP) and image noise were
collected. Effective dose was accomplished by multiply DLP
with age-specific conversion coefficients. Third quartile values
of these parameters were compared with the German and UK

DRL.

*Department of Radiology, Faculty of Medicine, Chulalongkorn University
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Results : CTD/w/ were lower than DRL from the UK and German in most
pediatric age groups. Only 4 patients aged below 5 years old
(2.3%) received higher CTD/m/' Two out of four age groups
showed greater DLP than DRL from the UK but still lower than
the German value. Approximately, 21% (75/349) performed
scanning more than twice in the same study. Effective dose in
patients younger than 10 years demonstrated greater value
which reflects overall higher DLP. Image noise displayed no
difference in each age group and comparable with previous
studies.

Conclusion : Most of our radiation dose parameters are within the appropriate
range. However, there is a little problem with rescanning and
over scan length. Stringent to CT protocol and proper pre-

scanning evaluation may be a good solution.

Keywords : CTD/VO/, DLP, effective dose, image noise.
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Computed tomography (CT) is the standard
equipment for assessing a variety of disorders in
children. " More than 65% of all CT examinations in
pediatric patients at King Chulalongkorn Memorial
Hospital (KCMH) are related to the brain either with
or without contrast studies.

The most concern relevant to CT modality
is radiation exposure. Three major reasons should
be considered for the pediatric population.
First, increased radiosensitivity of certain tissues,
particularly in infancy, and a longer lifetime for
radiation-related cancer may occur, and a lack of size-
based adjustments in technique. ® Second, small
children have a chance to receive greater radiation
doses than larger children or adults from the same
CT settings.” It is owing to more for smaller in body
diameter and shorter in length. Third, children have
a longer lifetime in which to manifest radiation-related
cancer because many radiation-induced cancers,
particularly solid malignancies, will not be evident for
decades. ¢

Nevertheless, at our hospital, there is no
available data of pediatric radiation dose from CT of
the brain. Therefore, we investigate the radiation dose
that pediatric patients received when CT of the brain
is performed and compare with dose reference levels
(DRLs) in previously published studies. To this end,
strategies should be developed that minimizes or
eliminates the amount of unnecessary radiation

exposure.

Materials and Methods
Data from a retrospective review of all
pediatric patients whom performed sequential CT of

the brain on our Somatom Sensation 4 and Somatom
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Sensation 16 (Siemens Healthcare, Forchheim,
Germany) from January 2009 to December 2009 were
collected. Inform consent was omitted by permission
of the director of KCMH.

Scanning parameters were reviewed on the
PACS system. Examinations were excluded when
absent data or inappropriately recorded, either
summation across the body regions or across
individual protocol.

The patients were classified into four groups:
<1 year, 1-5 years (1 year to 4 years 11 months), 5 -
10 years (5 years to 9 years 11 months), and 10 - 15
years (10 years to 14 years 11 months). For each
type of examination and each age group, the CT
scanning parameters, volume CT dose index (CTDIVD‘),
dose length product (DLP), head diameter, skull
thickness and image noise were collected. CTDIVD‘ is
a radiation exposure measurement (mGy), calculated
for the center location as well as at least one of the
peripheral positions when performed with one axial
scan and divided by pitch ratio. DLP is simply the
CTDIVO‘ multiplied by the length of the scan (in
centimeters) and is given in units of mGy" cm.

The calculated effective dose in each age
group was accomplished by applied the DLP multiply
by age-specific conversion coefficient (mSv' mGy”
‘cm™); newborn to 3 months = 0.011, 4 months to
2 years 11 months = 0.0067, 3 years to 7 years
11 months = 0.004, 8 years to 14 years 11 months =
0.0032.""

The image noise evaluation was expressed
as standard deviation (SD) of CT numbers (Hounsfield
Units, HU). These values were measured only in single
phase non-contrast study at two structures (the gray

matter and CSF) and background air by placing a



590 Tadin WIUNSAUENA LasANE

square region of interest (ROI). The ROl measurement
was performed at three predefined levels (cerebellum,
thalamus and centrum semiovale level) using our
PACS workstation. Following the measurement,
three measured values of three levels were averaged.
The ROl was drawn as large as possible within a
homogenous area of each organ (for organs, ROl up
to 100 mm?; for background air, RO fixed at 100 mm?).
Noise measurement was normalized by the factors
for noise dependence on kVp. The reference settings
were 120 kV and the standard reconstruction kernel
was C30s medium smooth. Finally, minimizing the
potential influence of window settings, image noise
was measured under a fixed window setting (width/
level) for brain (100/30) and background air (1500/-
700) (Fig.1).

1 50 - T

Cerebellum

Figure. 1 Location of rectangular region of interest for
image noise measurement of the brain
CT image. The image noise was measured at
the predefined three levels (A) cerebellum,
(B) thalamus, (C) centrum semiovale under
a fixed window setting (width/level) for brain
(100/30) and background air (1500/-700).

Chula Med J

Head diameter measurement was performed
by measuring the anterior to posterior and transverse
diameters at the level of the center of thalamus on
PACS workstation. The mean value represented
the head diameter of patients. The calvarial thickness
was also averaged by bilateral parietal, frontal and
occipital bones at the level of thalamus.

Mean, range and standard deviation of
CTDlvow DLP, effective dose and image noise for each
age group were expressed. Additionally, the third
quartiles of these values were compared with two
published German and UK CT dose surveys in each
age group. The correlation between image noise with
measured head diameter, skull thickness and other
CT parameters were performed using multivariate

linear regression by a statistical software package

Thalamus

Centram semiovale
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(SPSS 17.0). A p-value of <0.05 was considered

statistically significant difference.

Results

During one year period of all pediatric CT
brain, there were a total of 468 examinations from 210
children (118 males, 92 females; mean age 5.7 years),
most of them were performed more than once a year
(maximum 11 times per year). There were 119 studies
excluded due to the helical instead of sequential mode
of scanning, radiation dose parameter not sending to
PACS system, and summation dose across the brain
and neck. Number of examination in each age group
were comparable as shown in Table 1: 22% (79/349)
for <1 year, 27% (93/349) for 1 - 5 years, 22% (76/
349) for 5 - 10 years and 29% (101/349) for 10 - 15
years. The examinations were performed about 50%
in non-contrast study only, and the remaining were
both non-contrast and contrast studies.

According to KCMH protocols, the same
technique was executed for both the posterior fossa
and cerebrum in children’s age <6 years old which
beam collimation ranged from 1-1.5 mm and gantry
rotation time was 0.75 second. Whereas, children

whose age > 6 years old, the protocol technique was
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separated into the posterior fossa and cerebrum which
beam collimation were 1 mm and 8 mm, respectively,
and gantry rotation time was 1 second for both
regions. The tube potential was set unadjustable at
120 kVp. The maximum value of tube current was
300 mAs while the lowest was 110 mAs. The scan
length had a tendency to increase with age group.
Orbits and eye lens were included in all pediatric CT
of the brain, only in one case that the eye lens was
not exposed. Maxillary sinus and hard palate were
covered in some numbers.

The radiation dose parameters are displayed
in Table 2 for CTDlvol, DLP, effective dose and image
noise. The amount values of double series are
approximately two times in single series. Image noise
values show not much different in each age group.
The average image noise is about 2.7 HU.

As shown in Table 3, by comparison, DRL
in terms of CTDlvol, DLP and effective dose are
expressed as third quartile, compatible with the values
reported from Germany and the UK"*'¥. Most data
of both non-contrast and contrast studies were
comparable, therefore assembled data to one set was

demonstrated.

Table 1. Number of examination classified as single and double series in each age group.

Age group <1 year 1-5 5-10 10-15 Total
Protocol years years years
NC only 40 53 42 43 178
NC + C 39 40 34 58 171
Total 79 93 76 101 349

Note: NC referred to non-contrast study and C referred to contrast study.
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Table 4 demonstrates the associated factors
(CTDIvol, DLP, gantry rotation time, beam collimation,
head diameter and skull thickness) with image noise
by multivariable linear regression. There are three
significant factors, CTDIvol, beam collimation and
head diameter while the remaining factors are not
significant. The measured head diameter showed
direct variation with the image noise, whereas CTDIVO

and beam collimation reveal inverse variation.

Discussion

Seventy-five percentile values of CTDlvol, DLP
and effective dose from CT scanning performed in
the United Kingdom in 2003 and Germany in 2006

218 DRLs from European group and

were reported. ¢
from the UK are also recommended by IAEA for any
CT unit to use as reference levels.

Our study shows that third quartile value of
CTDlvol is lower than DRL of the UK in most of pediatric
age group. In the age group between 5-10 years old,
CTDlvol was about the same. Note that CT brain in 4
out of 172 patients aged below 5 years (2.3%) was
not performed according to the department protocol

for age. They received higher CTDlvol than the others

in the same age group, and the CTDlvol in two of them

Chula Med J

were higher than the UK DRL. On the contrary, 55 out
of 177 patients (31%) between 5-15 years old did not
follow the department protocol, but mostly using the
lower CTDlvor In this latter group, none was receiving
CTDIVol higher than the UK DRL. The explanation of
this phenomenon in older children is that we had two
CT machines and protocols for older children were
different, and technologists might mixed up the
parameter settings. What we can conclude from
our CTDlvol data are: (1) our CTDlvol was within
the international-standard reference level; (2) only in
small percentage (2.3%) with personal error and
higher dose protocol was used; (3) high percentage
of not following protocol should be solved and
monitored.

Even our brain CTDIVol were within DRL in
almost all cases, our DLP were not. Two out of four
age groups showed higher DLP values than reference
levels. This reflects longer scan length and/or repeated
scanning area. Retrospective review of the CT studies
from PACS confirmed that both happened. There were
75 out of 349 patients (21%) had been performed
scanning more than twice in the same study.
Repeated scanning from patient’s motion gave an

additional higher DLP in some patients, varying

Table 4. Associated factors with image noise by multivariate linear regression.

Coefficients Standard error p-value
CTDI | -0.03 0.01 <0.05
DLP 0.00 0.00 0.94
Gantry rotation 0.42 0.40 0.29
Beam collimation -0.35 0.07 <0.05
Head diameter 0.19 0.03 <0.05
Skull thickness -0.02 0.04 0.60
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in degree from rescanning only a few slices to
rescanning the entire brain. In the other two age
groups where our DLP values were lower than the
international reference levels, analysis of both CTDIVoI
and DLP clearly showed the same situation with long
scan length and/or repeated scanning area. And the
problem of rescanning should be prevented by proper
immobilization and pre-scanning evaluation whether
sedation is needed or not.

The effective dose of CT brain in children
younger than 10 years of age at KCMH showed higher
values than dose in the UK. Effective dose in both
studies had been calculated in the same way by using
the coefficient factors specific for different ages. So
it reflects the overall higher DLP in our patients.

According to the previous mentioned study,
Dong Hyun Yang and Hyun Woo Goo demonstrated
that the average image noise for pediatric CT brain
was 3.7 HU", whereas our data display the average
image noise of 2.7 HU. Our image noises in different
age groups had no statistical difference. Because
there are only a few studies regarding image quality
in pediatric CT imaging studies, further work is needed
to certify the standard diagnostic level of image quality
for specific pediatric CT protocols. A point of view,
our results of image noise seem to be helpful for future
studies.

From the multivariate linear regression, we
found an agreement with the recent published study"”
that the image noise was less in children with small
head diameters than in those with large head
diameters. Correlations between CTDlvol, beam
collimation and head diameter with image noise
corresponded to the physical principles. Uncorrelated

DLP values and gantry rotation time with image noise
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in this study may result from repeated scanning as
described earlier.

There are some limitations in our study,
however. First, the CT parameters including kVp,
mAS, gantry rotation time and beam collimation
do not necessarily convey as equal values among
different models of CT scanner and each patient
in the same age group. Second, the validation of
radiation dose with dosimetric measurement was not
performed directly, the fixed formula has been used
instead. Lastly, image noise measurement was
performed by only single technique, so clinical
application may be troubled and prejudice is

unavoidable.

Conclusions

KCMH is on the front line medical school
and also has a great number of pediatric patients.
Therefore, the collected data could be used as
references for other hospitals and potentially national
applied. Despite almost CTDIVO‘ in all children are less
than recent published DRL, the important concerns
at KCMH are exceeding values of DLP and effective
dose. In order to solve this problem, stringent CT

parameter protocol should be followed.
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