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Abstract

Background:

Increasing the needs of Computed Tomography (CT) for children
is quietly augmented over the last decades, although it’s one of
the most important modalities in diagnostic finalization. How-
ever, it carries a higher risk for the patient in term of radiation
dose and cancer risk due to higher sensitivity to radiation than
the adult.

Aim:

This study was conducted to review the multiple methods of dose
reduction technique as presented by different authors where the
different scanning protocols, machine and types of the studies
were presented

Methods:

Here, more studies and books were selected, where they are care-
fully summarized and outlined into different categories for which
the result stated that; the most frequent examination done in the
CT department is head, neck, and sinuses in which where taken
as an example of dose reduction methods.

Results:

The use of the most modern technical advances was recommend-
ed in order to optimize the dose level, comfortable, constants (an-
esthesia if required) position and using low number of phases as
possible according to the pathology of interest (low phases with
better visualizations), scanning with thin collimation and view
thicker as possible, increasing pitch, automatic exposure con-
trol, only the area of interest should be examined, with low tube
voltage and using of tube current modulation system can give
better result of dose reduction and there were multiple methods
presented here.

Conclusion:

Where is most important for radiologist, technicians, and the
person who conduct such studies to increase their knowledge in
radiation protection, technical advances and how to interpret the
different CT protocols.
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Introduction:

A variety of doses has been reported for com-
puted tomography investigations of the same
area. Such variations caused by using differ-
ent scan procedures as well as different dose
units. Increasing the values of CT in diagnosis
of a majority of body disease in case of CT
brain, chest abdomen and neck in addition to
the bony structure of the body in both cold
and urgent cases, leads to increasing the use of
CT over other routine x-ray and MRI exami-
nation. Therefore, with increasing the number
of scans needs for such case where contrast
scan additional to the routine axial scan could
resulting for more radiation exposure dose due
to multi and high doses scans. Thus, dose re-
duction technique allows for acceptable image
quality and lower radiation doses .

Many researches of minimizing radiation ex-
posure during CT scans concluded the pos-
sibilities of using decreased dose in imaging
of high contrast as in case of lung scans with
same image performances and no any loss of
information effecting the diagnosis!?!. Still not
yet clear if low dose protocols could be used
in areas of low contrast CT studies as in cases
of intracranial brain constructions. In similar
cases of child brain abnormalities, a reduction
of ‘standard’ image considerations due to low-
er dose protocols could be occurred and possi-
ble in such CT investigations [\,

Image technicalities.

Its main aim must be to gain a high-quality im-
age performance rather than only optimizing a
protocol with a decreased radiation exposure
to the child. In addition to implementation of
ALARA principle with good image quality.
Inappropriately, up to now no stablished inten-
sities of CT noise descriptions have been be-
lieved adequate for investigative dedications,
particularly in children.

Minimum stages and collimation:

avoidance of multistage and dependence of
pre-contrast imaging is important; If further
characterization of a lesion by multiple pre-
and post-CM phases is indicated, these scans
should be kept to a minimum, and a low dose
technique often will suffice . Furthermore,
other imaging modalities such as US or MRI
should be used if possible. On other hand;
Small children need thin collimation, but this
will increase the image noise and as small
children usually lack visceral fatty tissue, less
noise can be tolerated than in adolescents and
adults. Therefore, the choice of collimation
depends on the clinical question and size of
the patient and should balance the necessary
z-axis resolution, gain in three-dimensional
(3-D) reformatting possibilities, noise level
and low radiation dose level. The higher noise
level usually can be solved by using the “scan
thin view thick” approach while interpreting
the images. Also using small FOV as possible
that gives higher spatial resolution, as the pix-
el size decreases with smaller FOV.

Pitch:

An increase in the playing field outcomes in a
shorter scan time and (in some scanner types)
in a dose reduction for the patient. But this is
not the best option in MDCT; this is explained
by the negative dose effects of the so-called
over-ranging which will be exaggerated by
increasing the pitch. Furthermore, the spa-
tial resolution will decrease by increasing the
pitch. In those scanner types in which effective
mAs is used, an increase in pitch will result in
an increase in the tube current. Therefore, it is
usually more dose efficient to keep the pitch as
low as possible (<1) and if needed manually
decrease the tube current, in order to achieve
a similar tube current/pitch ratio (effective
mAs) as would be the case with a higher pitch.
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Tube Power (voltage - kVp):

According to the reduced size of children, low-
er voltage with maintaining the image quality
is required. In most children a tube voltage of
80—100 kVp will suffice, especially in chil-
dren with a body weight <45 kg. Adolescents,
a tube voltage of 100 kVp for the thorax and
120 kVp for the abdomen is usually sufficient.
However, the scanner-related parameters, such
as, scanner geometry, tube filtration, detector
design and efficiency, sometimes negatively
influence the image quality with lower tube
voltages, for instance by inducing artifacts.
Recent studies with phantoms suggest that the
optimal tube voltage in children may be even
lower (approximately 60 kVp), at least for
some indications.

Current of the Tube (mA):

decreasing the tube current will directly de-
crease the dose. But increasing the noise is
a major drawback, but so the adapted selec-
tion of noise is acceptable (. Although several
studies in phantoms have shown that the mA
can be halved for each 3.5- to 4-cm reduction
in body diameter (half value layer, HVL), in
clinical practice a less stringent HVL of 4-6
cm is used in children. This is because small
children usually lack large amounts of viscer-
al fatty tissue and, therefore, less image noise
1s desirable. Based on the aforementioned,
several body size or weight-based pediatric
CT protocols have been suggested [ % -7,

Tube spinning:

Majority of recent MDCT scanner models
with a tube rotation times of 0.3 -to- 0.5 sec-
onds giving a shorter investigation time. This
is beneficial to children by reduction in move-
ment and respiration artifacts. Nevertheless,
minding that a shorter spins period can pro-
duce a reduced number of profiles that will

be used in image rebuilding, concerning the
increase of the noise image. Then a spinning
time of 0.5 seconds is the option of choice for
image quality. Concerning the procedures of
radioactive dose modulation, approximately
all recent MDCT scanners are now fitted out
with some type of programmed exposure con-
trol (AEC) or Automatic Tube Current Mod-
ulation (ATCM) system. Such a systems are
acting as a dynamic tube current controller
during the process of scanning then adjustable
and modified to the body building construct-
ed geometry. By this way, an improved image
performances and quality can be gained be-
cause of the decreasing of constant noise level
and radiation exposure. Variation in mod-
els is conceivable for axial horizontal plane
(XY-modulation as well as angular), or joined
systems 1%,

The procedure and settings of various models
are different ">, Some medical systems rec-
ommended using the old good quality images
as quality control for new investigations. By
using ATCM methods, a drop of radiation ex-
posure received by individual patient is com-
monly achievable >3], Depending on opera-
tors the dose will optimized. For example, if
ATCM is used in the upper body the tube cur-
rent will rise in the shoulder and liver area to
keep a constant noise level.

Exposure Lessening in Head
and PNS CT of Kids:

A report by Brenner et al., (2001) estimat-
ed the mortality risk for cancers as (0.18%
and 0.07%) for pediatric CT abdominal and
head CT respectively, which is 10-fold huger
than for adult individuals (14). Their findings
strongly recommended dropping the CT dos-
age exposure for children to the lower possible
level, and not applying the same CT protocols
of adults for the youngsters’ population, as
was a common trend at that time "> While the
CT image excellence and quality mainly dis-
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tinguished X-ray fluency dependent; accord-
ingly, pediatrics CT method factors should be
reduced compared to those of adults, due to
the fewer X-ray attenuation by smaller bod-
ies of children. Consequently, similar scan
performances and quality must be provided
even with lower dose methodology. Further-
more, CT energy values for pediatrics are al-
ways less than for grown person %, Cranial
CT is the investigations of high frequency in
children. Around 30% of neonate’s bone mar-
row is located in the skull, while only about
10% in adults. The marrow-absorbed high ra-
diation exposure even more than the chest or
abdomen!”), Chan, et al., (1999) demonstrated
the possibility of using lower tube current for
a pediatric brain CT scan with the same im-
age performances and quality '®. No change
in image performances recorded for seven
anatomical regions with low dose image pro-
cedure. Maximum antero-posterior diameter
(MAPD) was used by Wong, et al., (2001)
as a respectable principle for tube current as-
sortment to measure child head diameters '
Boone et al., (2003) recommended using CT
system charts which depends on the body size
and circumference of the child with reduced
dose scanning protocols ?". All measured sta-
tistics were taken via phantom chambers with
different thicknesses. An exponential relation
among X-ray diminution versus patient di-
ameters leads to a significant dose drop in the
smallest body sizes as kids *!. Diagnostic ref-
erence levels (DRL) could be useful for mod-
ification of dose to age agreement. Such alike
surveys in Europe are now in hand ' 22: 23]
In case of CT brain of pediatric, extra dose
exposure lessening practice could be held for
some signs and indications as hydrocephalus
assessment ['?l: a standard dose procedure is
used for ‘higher dose’ suggestions: trauma,
encephalopathy, seizure, congenital anomalies
and acute neurologic deficit. Low dose CT is
highly recommended even for 10-15 yrs old
patient.

Dose adaptation & Lessening of CT Skull
and Neck Area:

In a CT study of skull phantom done by (24)
with 120 kV tube voltages, six set of inves-
tigations were done with 50 percent of mAs
reduction every time. Similar research also
handled with 28-fold dose reduction for coro-
nal scan, and other of 60 volunteers in a same
way subdivided to six groups each of them
undergone coronal CT as for the phantom. 30
patients were scanned with lower mAs; same
procedure was followed also for the phantom.
The gained CT scan results were of high-qual-
ity image performances in diagnostic point of
view for the lowest dose procedures. Some
latest researches agreed with the finding of the
earlier ones concerning the excellent and di-
agnostic clearness results of the low dose CT
protocols 2} 261 271 1281 - Conversely a modern
CT system can provide an outstanding diag-
nosable image quality with low dose levels 27
211" Also mentioned, the effect of high contrast
in sinus CT could allow the use of low dose
protocol easily. The only challenging point
is the comparison between various CT scan-
ners because they are not suppling extra dose
descriptors as CTDI or effective dose. Then,
straightly comparing mAs values alone, cross-
wise studies with different scanners, has re-
strictions *. Also Tack et al., (2003) calculat-
ed the effective dose of these earlier described
low-dose CT studies of the sinuses [!.

At eight different sinus nasal anatomical lo-
cations in mucosal deformities study, weighty
divergence comments reported by three differ-
ent reviewers, while the image result outcome
by different dose levels showed no significant
variances. This could be explained, observa-
tional dissimilarities concomitant with the re-
duction in dose levels, although they conclud-
ed and decided that low dose MDCT should
be deliberated as routine procedure for the
evaluation and assessment of chronic sinusitis.
the Pediatrics Academy of USA on (2001)
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recommends replacing the routine use of si-
nusitis imaging in case of not improved pa-
tients or/and deteriorates during treatment in
addition to the event of recurrent illness (due
to lack of sensitivity). CT use is almost limited
to children who have very tenacious or recur-
rent sinus infections, not reactive to medical
managing and whereby surgical procedure is
considered, and for those of acute sinusitis.
CT exams provide a much well detailed scan
of the anatomy of sinus, which will be useful
guide of surgical treatment. Aforementioned
studies already presented the imprecision of
radiographic diagnosis of children sinusitis in
comparison to CT exams. More than 70% of
the results were not in agreement with each
other in around 40% of normal radiographs
patients, there were signs of pathology showed
on CT scans and vice versa.

While in 35% of suspicious abnormality in
radiographs the CT results were normal. 2%
Another weakness of sinus radiograph is the
huge variability in the interpretation and clar-
ification between radiologists B!l. The use of
sedation was often essential in youngsters to
accomplish a good quality CT exam.

Many other organs could be visualized at the
same time of CT sinuses as middle ear, mas-
toids and adenoids. Using and performing
this technique of CT the whole ear, nose and
throat section could be displayed in one in-
spection, which is impossible in radiographic
exam. A weakness in sinusitis imaging is the
high prevalence of soft tissue variations. 32
331, Recently the Use of the tube current mod-
ulation systems in CT has been publicized for
dose reduction purposes. Will significantly re-
duce the dose by 20-60% B4

Cone Beam CT in the Head and Neck area:
This is a new modality which is provide a
dose reduction procedure and 3 dimension-
al images for bones of head and neck areas,
also found to be very useful for follow up of
cochlear implantations . Other studies were
used for evaluation of lung parenchyma, and

lung cancer surveying programs using a signif-
icantly reduced dose protocolsP®.

Interpretations of the literature:

Contemporary research indicates that (CT)
procedures are a major cause of radiation ex-
posure for patients when conducted repeated-
ly in the course of healthcare treatments and
therapies, especially for those with chronic
health conditions *”. Demonstrative organ ab-
sorbed doses in CT are significantly lower than
threshold doses for the instruction of deter-
ministic effects. However, extended exposure
following the advent of helical, fluoroscopic
and multi-slice techniques exposes patients to
the same levels of radiation repeatedly within
different procedures, thereby significantly in-
creasing their overall levels of radiation expo-
sure, ¥, Furthermore, the use of CT scanning
has also increased through new applications
including cardiac CT, CT colonography, an-
giography and urology *°!. The increased fre-
quency in the use of CT investigations from
4% to 15% of procedures along with the rise
in the diagnostic radiation dose received by
patients from 40% to 75 has led to a statisti-
cally important increase in malignance occur-
rence related to scanning !4 B9 140 371

According to Dougeni et al., (2012) most phy-
sicians underestimate the exposure risk for
patients, as evidenced by the increased use of
CT scans on children and the limited imple-
mentation of exposure parameters considering
the clinical question under investigation and
the patients’ size *?). Hence, dose reduction in
pediatric CT scanning demands significant at-
tention to prevent high-risk radiation exposure
among children ¥, Alarmingly, only 43% of
image departments acknowledge having ad-
justed CT parameters for children !, Further-
more, the reasons for conducting pediatric CT
scans sometimes fail to confirm their neces-
sity. According to Donnelly (2005), unnec-
essary pediatric CT scans are a public health
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problem in America ',

In their study, Hollingsworth et al., (2003) dis-
covered that 11-26% of CT examinations of
children younger than nine years of age were
done using more than 150mA, while 20-25%
of radiologists did not adequately understand
the specific parameters for the helical CT
scans of the body they oversaw #*. Ironically,
pediatricians have limited power to effectively
manage the levels of radiation exposure their
patients receive when undergoing CT scans
since it remains the role of the radiologists
conducting the scan . Consequently, pedi-
atricians mainly focus on educating the pa-
tient’s family on the potential dangers of CT
scanning and limit recommending its use until
an absolute necessity ).

Bischoff et al., (2009) argue that radiation
doses of 6.4-27.8mSv are adequate for spiral
CT angiography image acquisition 4. How-
ever, the international Prospective Multicenter
Study on Radiation Dose estimates of Cardi-
ac CT Angiography I maintains the optimal
median dose-length-product as 885mGy. cm,
with an effective radiation dose of 12mSv.
The technical considerations in radiation dose
management generally focus on optimizing
the trade-offs between noise, artefacts, scan-
ning speed and contrast . There are several
factors worth considering when determining
dose reduction measures during CT scans in
paediatric care. According to Yu et al., (2011),
the process depends on the size of the patient
and the diagnostic task being conducted. The
main limitations are the scanner speed and the
power limits of the CT scanner . In their
study, critically evaluated the use of automat-
ic exposure control and optimal tube potential
in improving image quality and reducing the
radiation dose in pediatric CT examinations.
They argue that low tube potential improves
contrast enhancement and reduces radiation
exposure for children, even though their use
increases noise output during the process ©*,
431, One effective strategy for reducing the ra-

diation dose in pediatric CT scanning involves
hybrid interactive reconstruction. Singh et al.,
(2009) compared the effectiveness of hybrid
interactive reconstruction and the convention-
al filtered back projection and determined that
hybrid interactive reconstruction such as hy-
brid adaptive statistical iterative reconstruc-
tion (ASIR) reduced the radiation dose signif-
icantly without adversely affect the quality
of the images or diagnostic confidence when
analyzed.

Similarly, Lee et al., (2012) compared radia-
tion dose reduction among pediatric patients
undergoing chest CT scans when using ASIR
and filtered back projection. They found that
the CT dose index decreased by 60.3% from
18.73 to 7.43 mGy, the dose-length product de-
creased by 56.2% from 307.42 to 134.51mGy
x cm and the effective dose decreased by
55.2% from 4.12 to 1.84 mSv compared to the
filtered back projection results 6],
Contrastingly, Lee et al., (2012) analyzed the
effectiveness of a kilo-voltage (Kvp)-lower-
ing strategy in mitigating dose reduction on
chest CT scans for children, where Kvp was
reduced from 120 to 80 for children below 15
kg and reduced to 100 for children 15-60 kg
at a reduced mA rating of 65-55 mA. The CT
dose index, dose-length product and effective
dose reduced by 73%, 75% and 73%, respec-
tively, for children below 15 kg. The measures
declined by 45%, 44% and 48%, respectively,
for children 15-60 kg !,

Another innovative strategy for radiation dose
reduction in pediatric CT scanning is mod-
el-based iterative reconstruction (MBIR). Ac-
cording to GE Healthcare (2012), MBIR is
superior to both filtered back projection and
ASIR due to its capacity to develop multi-
ple iterations using multiple models. Unlike
filtered back projection, MBIR analyses the
x-ray beam in three different ways: at its focal
spot, as it passes through the body and at the
level of the x-ray detector. It uses these three
points to create three-dimensional representa-
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tions of the areas scanned using multiple iter-
ations. The MBIR algorithm models two parts
of the CT system: the system statistics, in-
cluding noise and system geometry or optics.
Moreover, CT scanning using MBIR can take
from 5-40 minutes, depending on the amount
of data required and the complexity behind
reconstructing an image from the data beam
analysis 8. Hence, the image quality is supe-
rior to both ASIR and filtered back projection.

Conclusions:

There was greater challenge meeting us in CT
for the babies where the adjustment of proto-
cols to implement the better imaging sequence
with low dose to the patient, where it need
much knowledge and carful parameter selec-
tion in addition to the use of advance technical
improvement as mentions can lead to the safe
scan with better quality of imaging and diag-
nosis.

Key points:

* CT is one of sensitive tools for diagnosing
many of child’s disease, more frequently than
other method medical imaging (e.g. Brain
CT). so increasing the sensitivity of radiations
among baby’s lead to increase the cancer risk
so dose reduction techniques should be con-
sidered.

+ Children are more sensitive to radiation than
adults they need significant dose reduction
(low dose) and separate CT protocols for each
part of the baby body. (Low dose CT is highly
recommended even for 10-15yrs old patient).
» Small size, with accurate collimations, low
mAs as possible, lower Kvp and increasing
pitch they consider important in philosophy of
dose reductions.

 Using of new technological advances such
as effective mAs, ASIR, and automatic tube
current modulations ATCM are greatly reduce
the amount of received dose by child’s body.
* Reducing the number of scans and specify-
ing the dose into its specific area is consider

significant in term of radiation induced soft
tissue toxicity.
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