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Abstract

Objective: The literature has approved that theafsthe concept of diagnostic reference level (DRk)a part of an
optimization process could help to reduce pati@sed in diagnostic radiology comprising the Comgpttemography
(CT) examinations. There are four public/governrabr@T centers in the province (Semnan, Iran) andotr
knowledge, after about 12 years since the launchheffirst CT scanner in the province there is rusichetry
information on those CT scanners. The aim of thiglys was to evaluate CT dose indices with the afnthe
establishment of the DRL for head, chest, censgpate, and abdomen-pelvis examinations.

Methods: Scan parameters of 381 patients wereatetleduring two months from 4 CT scanners. The 63edndex
(CTDI) was measured using a calibrated ionizatibancber on two cylindrical poly methyl methacryldEEMMA)
phantoms. For each sequences, weighted CTDI (CT,Dl@fumetric CTDI (CTDIv) and dose length produbi @)
were calculated. The 75th percentile was proposetecriterion for DRL values.

Results: Proposed DRL (CTDIw, CTDIlv, DLP) for thedul, chest, cervical spine, and abdomen-pelvis el
mGy, 46.1 mGy, 723 mGy x cm), (13.8 mGy, 12.0 m&Fi{ mGy x cm), (40.0 mGy, 40.0 mGy, 572 mGy x cng a
(14.9 mGy, 12.1 mGy, 524 mGy x cm), respectively.

Conclusion: Comparison with the others results fithn other countries indicates that the head, clredtabdomen-
pelvis scans in our region are lower or in the eanfithe other studies investigated in terms ofedds the case of
cervical spine scanning it's necessary to revied/r@gulate scan protocols to reach acceptableldusks.
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Introduction regions and countries [6-8], in order to decreastiept doses
during medical imaging procedures comprising CT n@xa
nations [6]. The DRL is a useful tool for optimizat [9] and
to managing patient dose [10]. The use of DRL & K has
led to about 50% reduction in the radiation doseyjpical
radiographic examinations in a period of 15 yead.|

The DRL is usually set at 75th percentile of meedwdose
in standard phantom or patient. If the level is lsated on
patients’ measurements, the mean of patients’ teigimd
weights should be nearly identical. A reductiorthie number
of measurements is the advantage of the use gbtihatom.
Although phantom does not fully match the charasties of
real patients, the use of phantom measurementeatss the
number of measurements by one or two for each guree So
in  multicenter studies, phantom measurements are
recommended [6,7].

DRL does not determine dose constraint for anviddal
patient, the goal of DRL is the delineation of aeleof doses
for special procedures higher than which are answali
unnecessary doses received by the patients [fhelfdose
arising from an x-ray based imaging modality, €g.scan, in

Computed Tomography (CT) scanning with the ability
perform scans in a very short time alongside higage quality
has become a common imaging modality in diagnostic
radiology [1]. The use of this imaging modality aratically
has increased in recent years by the emergence ultf- m
detector CT scanners (MDCT), about 12-fold in the€ &hd
more than 20-fold in the USA in last 25 years [2].

Although CT became one of the most useful x-rageda
imaging modalities, relatively high doses to théigrds during
CT procedures (about 1 to 24 mSv) have to be cersid[3].
CT is responsible for over 44 percent of the glotmadical
radiation to population worldwide, thus CT scamedtas one
of the high radiation dose imaging techniques [4].

According to ALARA principle (as low as reasonably
achievable), all medical ionization radiation-basedaging
equipments should be operating at optimum perfoomdBb].
As a part of optimization process, Diagnostic Refiee Level
(DRL) has been introduced by the International Cassion
on Radiological Protection in ICRP publication r& 1y 1996
for common diagnostic procedures and implementediious
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a certain anatomical regions is above national (NDRr
Local DRL (LDRL), the scan parameters should beereed
and revised. Typically, the establishment of DRlaipart of a
quality assurance programme and the proposed |emeds
advisory [6,12,13].

There are four public/governmental hospitals irmSan
province in Iran (1 CT scanner per 150,000 indigidu The
first CT scanner was installed in 2007 and thréeoscanners
were installed in 2009, 2012 and 2015. To our keolge, after
about ten years of the first installed CT scantieere is no
dosimetry information on these CT scanners. Thudight of
the aforementioned views, the goal of this studg teaprovide
data from CT scan procedures and the establishofi@RL of
the head, cervical spine, chest, and abdomen-peBiis
procedures in adult patients in Semnan provindeaim

Material and Method

Survey framework

This study was carried out using questionnairesotiect scan
details of the most frequent CT examinations of akerage-
size adult patients referring to public/governmehtsspitals in
the Semnan province of Iran. Questionnaires went¢ teethe
hospitals and asked the centers to complete eaitleof for an
average-size patient. The information on the goestire
included: hospital name, CT scanner model, year
installation, patients’ age, patients’ height anelight for the
calculation of Body Mass Index (BMI), tube potehtitube

current-time, pitch factor, total collimation, scéngth and
anatomical region of the scan. The CTDI values wegasured
with the average scan parameters for each scanthathid of
appropriate dosimeter and phantoms. The CTDIw, @Tdvd

the DLP values were calculated. The 75th percentilaes of
the calculated CTDIw, CTDIv and DLP were proposs®&L

in each sequence.

CT scanners
In this study, four CT scanners, including one kinglice

of

(Siemens Emotion), one 2-MDCT (Siemens Emotion DUO)

and two 16-MDCT (Toshiba Aquilion, Toshiba Activiowere
investigated.

Dose measurement
Table 1. Details of scanners participated in this stly.
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The standardized scattering media for CT dose meamsnts
approved by FDA are two cylindrical poly-methylmathylate
(PMMA) phantoms [14]. All measurements were perfednon
PMMA head and body phantoms with the length of dband
the diameter of 16 and 32 cm, respectively. Thdsnipms
contain one hole in the center and four holes atptriphery
near the surface (1 cm below the surface). Thegiated
absorbed dose (D(z)) along the z-direction/pati@inéction
was measured from one axial scan by a calibrateizdtion
chamber (model DCT-10 - RTI Electronics, Swederthven
active length of 100 mm using Barracuda multi-megtef|
Electronics, Sweden). The ionization chamber pldggeat the
intended hole and the other holes filled by PMMAISOThis
procedure was done for each of five holes. GiPiwhich
refers to the active length of the ionization chambwas
calculated by dividing the measured absorbed dosehb
nominal total beam width (N x T) according to tledldwing
formula:

1 50mm

CTDI]_OO = E f—SOmm

D(z)dz Eq. 1

For each sequences the CTDIw, CTDIv and DLP were

calculated using:quations 2 3 and4:

1 2
CTDI, =3 (CTDIyg0,) + S (CTDILp0,) Eqg. 2
CTDI, = CTDI,, /pitch Eq. 3
DLP = CTDI, X scan length Eq. 4

Results

During a period of 2 months, data from 381 patients

undergoing routine head, cervical spine, chest ardbmen-

pelvis scans were collected in the four public Ginters of

Semnan province, Iran. From total examinations, gaffents

(31%) went for head scan which was the most fregagam.

Other 98 (26%), 86 (22%), and 80 (21%) patientsewwad

routine chest, cervical spine and abdomen-pelviansc
performed on them, respectively. It's notable tthet number
of the patients were 425, patients with normal BMI
(21 <BMI < 24.7) being included and the over/undiivil
values being rejected.

Gantry aperture Focal spot Total filtration Number of Tube current
Scanner X-ray tube . Detector ; .
(cm) (mm) (mm Al equivalent) detectors in z-axis __ range (step)
. . . 0.4x0.8 Ultra-Fast . .
Siemens Emotion Siemens Dura 302-MV 70 07x08 6.4 (80 kVp) Ceramic single slice 30-240 (10 mA)
. ) . 0.4x0.8 Ultra-Fast
Siemens Emotion Duo Siemens Dura 352 70 07x08 6.4 (80 kVp) Ceramic 2 30-240 (1 mA)
. - . 0.8x0.9 1.5-10 (wedge .
Toshiba Aquilion Toshiba Megacool 72 14%x16 dependent) Solid state 40 50-500 (10 mA)
. - 0.9x0.7 .
Toshiba Activion CXB-400C 72 14x14 11 (120 kVp) Solid stare 28 10-300
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Table 2. Scan parameters and patient characteristiasvestigated in this study.
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Anatomical site CT scanner No. of patients  Age (years) BMI kVp mAs  Pitch Total E:r(;lrl:;atlon SC?;TISE gth
Siemens Emotion 24 43 +13 224 130 170 Axial 8 0m1.1
Head Siemens Emotion Duo 23 52+21 225 110 160 Axial 8 151+1.3
Toshiba Aquilion 32 57 +£19 21.8 120 225 Axial 5 A&1.4
Toshiba Activion 38 49 + 16 23.8 120 150 Axial 8 .az1.3
Siemens Emotion 21 55+11 21.8 130 100 1.8 20 320
Siemens Emotion Duo 21 48 £ 16 219 130 140 1 20 16323
Chest Toshiba Aquilion 30 5017 23.8 120 160 14 20 1302.4
Toshiba Activion 26 43+12 24.0 120 75 1.2 8 30.6+3.3
Siemens Emotion 20 40 +11 24.2 130 170 Axial 8 3100.9
) . Siemens Emotion Duo 25 39+7 23.8 130 130 Axial 8 158+1.6
Cervical spine . . .
Toshiba Aquilion 21 50+ 10 23.1 120 150 Axial 5 1429
Toshiba Activion 20 51+18 215 120 188 Axial 8 8415
Siemens Emotion 20 55+21 24.2 130 130 1.2 16 429
Abdomen- Siemens Emotion Duo 20 51+18 24.1 130 160 1 20 3425
Pelvis Toshiba Aquilion 20 49 +12 23.6 120 170 14 20 442 +4.7
Toshiba Activion 20 44 +19 23.4 120 113 1.2 8 4426
* mean value + standard deviation
Table 3. The mean values of the CTDIw, CTDIv and DLP vales.
Anatomical site CT scanner ((:;gl)\/’\)’ c(:,:g;,\; DLP (mGyxcm)
Siemens Emotion 34.3 34.3 480
Siemens Emotion Duo 31.6 31.6 477
Head Toshiba Aquilion 49.9 49.9 804
Toshiba Activion 33.1 33.1 430
Mean of four scanners 37.2 37.2 547
DRL 46.1 46.1 723
Siemens Emotion 10.6 5.9 177
Siemens Emotion Duo 12.7 12.7 401
Toshiba Aquilion 14.1 10.1 304
Chest . -
Toshiba Activion 6.9 5.7 175
Mean of four scanners 11.1 8.6 264
DRL 13.8 12.0 377
Siemens Emotion 40.4 40.4 416
Siemens Emotion Duo 34.9 34.9 552
) . Toshiba Aquilion 36.1 36.1 510
Cervical spine . o
Toshiba Activion 39.2 39.2 579
Mean of four scanners 37.7 37.7 515
DRL 40.0 40.0 572
Siemens Emotion 11.8 9.9 462
Siemens Emotion Duo 12.3 12.3 533
) Toshiba Aquilion 15.8 11.2 497
Abdomen- Plevis . o
Toshiba Activion 11.4 9.5 391
Mean of four scanners 12.8 10.7 471
DRL 14.9 12.1 524

All the procedures were performed without the adstiation
of a contrast agent. All the head and cervical sgicans were
axial and all the chest and abdomen-pelvis scans wgiral
with a pitch factor of 1 and abov&able 2 represents scan
parameters and patient characteristics particigatinpresent

study.

On all CT scanners, the CT{yd were measured using the
head and body PMMA phantoms and 100 mm-length
ionization chamber, and the CTDIw, CTDIv and DLPreve
calculated. The 75th percentile values were prapeseDRL.
Table 3 presents mean value of the CTDIw, CTDIv and DLP

on each scanner, in addition to the mean valudl gtanners
and the proposed DRL values.
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Figure 1. The DRL values of the CTDIw, CTDIv and DLP. Canparison between scan region and the other works véiewed.

Discussion

In this study, we did a calculation of the CTDIwWJ@Iv and
DLP to assess doses arising from four CT examingtim
establish the DRL of the head, cervical spine, thaad
abdomen-pelvis examinations in Semnan province, Ira

Inter-hospitals comparison

As the results indicate dose indices vary from fabkgo
hospital which is due to using different scan partars for the
same scan region.

Head Scan:The CTDIw and CTDIv ranged from 33.1 mGy
(on Toshiba Activion) to 44.9 mGy (on Toshiba Adpil). The
DLP values ranged from 430 mGy x cm (on Toshibawviarn)
to 804 mGy x cm (on Toshiba Aquilion). The highatues of
the CTDIw, CTDIv and DLP on the Toshiba Aquilionsut
from the use of higher tube current-time (225 maAn) this
scannerTable 3).

Chest Scan:The CTDIw ranged from 6.9 mGy (on Toshiba
Activion) to 14.1 mGy (on Toshiba Aquilion). Theghier dose
from Toshiba Aquilion is due to the use of highdve current-
time (160 mAs). The CTDIv ranged from 5.7 mGy (arsfiba
Activion) to 12.7 mGy (Siemens Emotion Duo). DLmhgad
from 175 mGy x cm (on Toshiba Activion) to 401 m&ycm
(Siemens Emotion Duo) Table 3). Although CTDIw on
Toshiba Aquilion is higher than the other CT scaanthe use
of lower pitch on Siemens Emotion Duo (pitch=1)ules in
highest CTDIv and DLP on this scanner.

54

Cervical spine Scan:The CTDIw and CTDIv ranged from
34.9 mGy (Siemens Emotion Duo) to 40.4 mGy (Siemens
Emotion). The range of the DLP varies from 416 m&gm
(on Siemens Emotion) to 579 mGy x cm (on Toshib&vfan)
(Table 3). The highest values of the CTDIw and CTDIv belong
to cervical spine scans due to using high tubeeotitime (170
mAs) and tube potential (130 kVp). Also, using e§3 scan
length on this scanner results in lowest DLP (41&ym cm).
Abdomen-Pelvis Scan:The CTDIw ranged from 11.4 mGy
(on Toshiba Activion) to 15.8 mGy (on Toshiba Aduil). The
range of the CTDIv varies from 9.5 mGy (on Toshiba
Activion) to 12.3 mGy (Siemens Emotion Duo). The BOL
ranged from 391 mGy x cm (on Toshiba Activion) t835
mGy x cm (Siemens Emotion DuoJdble 3). Although the
highest value of the CTDIw was for Toshiba Aquili¢tb.8
mGy), using higher pitch relative to Siemens Emofiuo (1.4
vs. 1) causes lower CTDIv and DLP values.

Comparison with the other studies

Figure 1 reveals that the DRL values of the CTDIw, CTDIv
and DLP for the head scan are lower than the ctheties
which have been investigated in the present stidy. the
chest scan, the CTDIw was lower than the otherissud
whereas the CTDIv is higher than the Ireland [§jor¢ and
lower than the Switzerland [1] and Malaysia DRL3s® the
DLP for chest scan is higher than the Mazandar&} &hd
Netherlands [17] and is lower than the other regidn the
case of cervical spine the CTDIw (about 5 timeshhigthan
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Mazandaran value), CTDIv and DLP values are higiwen the
other reports. For the abdomen-pelvis scan, thel@Malue is

higher than Mazandaran DRL. The CTDIv is lower than

Switzerland and Ireland and the DLP is lower thatahd and
higher than Wales [18] reports.

Conclusion

Beside of the fact that CT scan provides usefubesaand aids
to physicians in diagnosing a wide range of disgasdatively
high dose from CT examinations relative to the oiheging
modalities is a matter of concern. Therefore, isWwaportant
to know the magnitude of doses received by theeptti The
literature shows the DRL as a part of optimizatmograms
can help to reduce patient’'s doses over the time.Sudy is

Pol J Med Phys Eng 2019;25(1):51-55

the first dose assessment survey in the provinoeesthe
installation of the first MDCT scanner in 2007.

According to our results, as anticipated, the G¥Dalues
are higher in the head and cervical spine scanshnbidue to
using smaller phantom size (16 cm diameter vs.32nchody
region). This argument cannot be used for CTDIv &ndP
which is influenced by the pitch factor and scamgté,
respectively.

Our results reveal that doses from the head, chast
abdomen-pelvis scans in our region are lower ¢hérange of
the other studies investigated. In the case oficanspine
scanning it's necessary to review and regulate poatocols to
reach an acceptable dose level. Protocol optinozatvas
beyond of the scope of this study.
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