CM] Original Research March 2018, Volume: 40, Number: 1
Cumbhuriyet Medical Journal 50-55

CT parameter change and radiation dose effect for
metastatic patients treated with palliative
radiotherapy
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SUMMARY
Objective: The aim of the present study was to determine the methods to reduce the radiation dose during imaging carried
out for patients with bone or other organ metastases who were treated with palliative radiotherapy. In planning stages of
treatment for these patients, tomographic imaging with computed tomography (CT) is performed on affected area using
three-dimensional (3D) conformal radiotherapy. To what level the radiation dose could be lowered in imaging was
investigated via changing the parameters used in CT scanning.
Method: Twenty seven patients with metastases treated in the Radiation Oncology department (16M, 11F, mean age 65.2
+ 11.9 years) were included in the study. These patients underwent a total of 30 palliative radiotherapy treatments.
Standard CT dose of 72 milli-ampere-second (mAs) and 130 peak kilo voltage (kVp) in CT 1 scanning carried out for
radiotherapy planning was lowered to 30mAs and 130kVp in CT 2 scanning.
Results: Radiation dose was reduced by 62.68% =+ 0.02 percent as a result of changes made in planning CT scan
(p<0.0001). Analysis of the images obtained revealed that despite the minimal reduction in image quality, results had no
effect on treatment planning.
Conclusions: It was concluded that the radiation dose could be reduced via making changes in the parameters of CT
scanning during palliative radiotherapy planning stage.
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INTRODUCTION

Radiotherapy is a therapy method using ionizing
radiation to shrink or destroy cancer cells. It is
commonly used for the treatment of malign tumors
and some benign tumors. The basic approach is to
protect critical organs and tissues from side effects
as much as possible while applying high rate of
radiotherapy to tumor.

For radiotherapy methods, three-dimensional
treatment planning is prepared using computed
tomography (CT) and magnetic resonance imaging
(MRI). Thus, target cancer volumes take the
planned dose with high accuracy and surrounding
normal tissues are protected at maximum level 1.
CT accounts for 5% of imaging methods using X-
rays and is commonly used in radiology practice 2.

Based on radiological developments, new
strategies are being developed to decrease radiation
dose using appropriate parameters without
deteriorating the image quality in CT 4. The aim
of the present study was to determine to what level
the effective radiation exposed by the patients
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For effective radiation dose measurement,
Computed Tomography Dose Index (CTDI) was
calculated. CTDI is calculated by dividing the
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could be lowered via changing CT scanning
parameters in metastatic patients treated with
palliative treatment. We hope to show that reducing
the radiation dose of metastatic patients with the
principles of ALARA (As Low As Reasonably
Achievable) in this study.

MATERIAL AND METHODS

Twenty seven patients (16 M, 11 F, average age
65.2+11.9 years) with metastasis having palliative
radiotherapy in Radiation Oncology Department
were included in the present study. Furthermore
three patients had previous radiotherapies in
different areas. In the first scanning which
constituted the basis for the palliative radiotherapy
planning of the patients, standard CT scanning
parameters of 72 milli-amper-second (mAs) and
130 peak kilo voltage (kVp) were used. Radiation
dose exposed by the patients during CT scanning
was calculated. Planning imaging of a patient who
had palliative radiotherapy in thoracic region was
given in figure 1.
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Figure 1. Planning images of patient whom palliative radiotherapy was planned in thoracic region.

integral (sum) of dose absorbed along with the
longitudinal axis by nominal dissection thickness
(s). Dose Length Product (DLP) is obtained by



multiplying CTDIvol by scanning length (L).
Conversion factor is used to calculate effective
dose (ED) value for different manufacturers and
different patient thicknesses. Effective dose is
calculated by the following formulae:

“ED (mSv x cm) = Conversion factor x DLP”
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Statistical Iterative Reconstruction (IR) method, on
the other hand, is based on lowering of noise using
statistical methodsin images basically obtained by
low kV and mA and high table feed and gantry
rotation speeds °. Standard CT scanning parameters
of the same patients were changed to 30 mAs 130
kVp at the start of the second radiotherapy session
(Figure 2).
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Figure 2. Changes in CT parameters in the first and second scanning for patients receiving palliative radiotherapy.

Radiation dose exposed during the CT scanning
was calculated again. In addition, images obtained
were studied and whether there were any
differences in imaging quality was investigated.

Data obtained were compared using Paired
Samples Test and Statistical Difference Test by
SPSS 18.0 software. P<0.05 was considered
statistically significant. An Ethics Board approval
was taken from Gaziosmanpaga University Clinical
Investigations Board for the present study.

RESULTS

Diagnoses of the patients included in the study
were as follows: lung cancer (eight patients,
29.6%), breast cancer (six patients, 22.2%),
multiple myeloma (three patients, 11.1%), prostate

cancer (two patients, 7.4%), and stomach, pleural
mesothelioma, cervix, renal cell, hepatocellular,
ovarian, bladder and colorectal cancers (one patient
each, 3.7%). Locations of metastatic lesions, on the
other hand, were axial skeleton (eighteen patients,
60%), appendicular skeleton (six patients, 20%)
and cranium (six patients, 20%).

Effective radiation dose exposed by the patients
during standard CT scanning with 72 mAs 130 kVp
parameters was calculated as milisievert (mSv).
Standard CT scanning parameters were changed to
30 mAs 130 kVp in the second session of scanning
of the same patients, and effective radiation dose
exposed was calculated again as mSv.
Demographic data of the patients and radiation
level exposed by them during CT scanning were
given in Table 1.

Table 1. Demographic data of patients and effective dose values exposed by patients in the first scanning with the
parameters of 72 mAs 130 kVp and in the second scanning with the parameters of 30 mAs 130 kVp.

Number of Scanning 1%t Scanning 2" Scanning
Lesion Localization Applications Length (cm) (mSv) (mSv) Difference %
Whole brain 6 29.8+4.1 33.9+4.7 12.7+1.7 62.7
Cervical Vertebrae 2 42.6+3.8 48.6+4.3 18.1£1.5 62.7
Thoracic Vertebrae 9 44.1£8.9 50.2+10.2 18.74£3.8 62.7
Lumbar Vertebrae 9 48.4+6.1 55.04£7.1 20.5+£2.6 62.7
Pelvis 4 56.2+5.2 63.9+£5.9 23.9+2.2 62.7
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Comparative effective radiation levels exposed by the patients due to scanning were illustrated in figure 3.
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Figure 3. Comparison of effective dose levels exposed by patients in the first and second scanning.

Radiation level exposed by our patients using the second scanning parameters was decreased by 62.68+0.02%
and this change was statistically significant (p<0.0001) (Figure 4).
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* p<0,0001
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Figure 4. Radiation dose exposed by patients in the first (standard parameters) and second scanning (changed parameters)
during planning CT.

In addition, images of the first and second CT scanning were evaluated visually in terms of lesion localization.
CT scanning samples of our patients were shown in figure 5.
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Figure 5. CT images of a patient having palliative radiotherapy in the first scanning using 72 mAs 130 kVp dose (A and
C) and in the second scanning using 30 mAs 130 kVp dose (B and D). Lesions in transaxial slices were shown by arrows.

DISCUSSION

In the absence of an efficient radiotherapy
planning, sufficient tumor treatment cannot be
achieved, and early and late term side effects could
be seen in normal tissue. Therefore, anatomic
scanning methods such as CT and MRI are
frequently used for radiotherapy planning °.
Especially CT technology is essential in
radiotherapy treatment planning systems. Use of
CT technology has been common especially after
the advent of spiral CT and multi-slice CT
techniques ’. In the present study, CT was used in
3D conformal radiotherapy planning for metastatic
patients for whom palliative radiotherapy was
suggested.

Increased cumulative radiation exposure has
become a major health issue after the introduction
of CT technology * 8. A survey revealed that 30%
of the society had at least three CT examinations
throughout their lives °. As in the present study,
palliative radiotherapy patients take repeating
radiotherapy sessions. Unfortunately, lowering the
radiotherapy dose is not an option because it could
prevent delivery of an efficient dose to cancerous
tissue of patient. Therefore, we aimed to show the
effect of lower planning CT radiation dose before
treatment.

Higher level of radiation used during CT
examination increases signal noise ratio, resulting
in better images. However, it also leads to higher
amount of exposure by patients. Studies to lower
radiation level reported that acceptable dose limit
of cumulative radiation which has the risk of

causing cancer is 100 mSv . Pitch of X-ray tube
and detector number were also reported to increase
radiation amount. It has been shown that average
effective radiation dose is 7.4 mSv in single slice
spiral CT and 8.1 mSv in four-detector CT 1.
Weight-dependent study protocols are available for
spiral CT %2,

Parameters employed for reducing CT dose are
number of slices going through the region to be
studied, slice width, entrance speed of patient into
gantry (table feed speed), rotation speed of gantry,
kilo voltage and tube current. The most commonly
used parameter to reduce radiation exposure is tube
current. Tube current specifies number of photons
coming from X-ray tube. Multiplying gantry
rotation time (as full rotation, second) by number
of photons give mAs, which is the unit considered.
While higher tube current results in poorer image
quality in direct radiography, it leads to better
image quality but also causes higher radiation
exposure in CT. Lower tube current, on the hand,
causes lower signal noise ratio, spatial resolution
and image quality. In general, when the tube
current is lowered by 50%, amount of radiation
exposure also drops by 50%. Similarly, shortening
of gantry rotation time from one second to half a
second lowers the amount of exposure to 50%.
Studies about lowering the radiation exposure
reported that head-neck, thorax, abdomen and
pelvis could be studied using lower tube current
without any major loss of image quality % 4,
Lower mAs use has been suggested especially for
thorax CT examination because number of solid
organs through which X-ray photons pass is fewer



in thoracic region 2. In the present study, CT
scanning was carried out using lower mAs levels in
an effort to decrease radiation exposure by patients.

In CT examination for radiotherapy planning for
oncology patients with bone metastasis, adjustment
of technical parameters based on ALARA
principles is crucial to lower the exposure to
radiation *°. In accordance with these principles,
the present study aimed to lower CT radiation dose.

Although various parameters have been suggested
to measure the radiation exposure by patients, the
most commonly used parameter in daily practice
for this purpose is effective dose, whose unit is
mSv, because it allows comparison of radiation
exposure caused by different methods °.
Therefore, we employed mSv as effective dose
measurement method in the present study and were
able to calculate dose values of CT scanning using
standard and modified parameters.

CONCLUSION

Cancer patients with metastasis are subjected to
repetitive examinations involving radiation for
both diagnosis and treatment purposes. CT has an
important place among diagnostic examinations.
Results of the present study suggested that during
3D conformal radiotherapy planning process in
patients with metastasis, CT parameters could be
changed and radiation level exposed by patients
could be lowered without resulting in any major
loss of image quality of CT examination. This
method of making changes in the CT parameters
can also be used in patients receiving curative
radiotherapy.
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