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Abstract
The purpose of this study is to find an optimization approach to minimize the absorbed dose to adult patients undergoing CT examination, while maintain the
diagnostic image quality. A single detector CT was considered, to represent typical practice in King Hamad University Hospital. We included 626 patients in this
study and investigated radiation dose for three anatomical regions, head, chest and abdomen and pelvis. For each type of CT examination, two groups of patients were
considered. 383 patients in Group I: were imaged according to the protocols set by the manufacturer. Group II: 243 patients were imaged according to the protocols
set by our team after optimization. We were able to adjust the adjustable factors such as noise index, scan time, pitch, rotation time and slice thickness. For each
examination the weighted volume CT dose index (CTDIvol) and dose length product (DLP) were recorded and noise is measured. Each study was also reviewed for
image quality. Measured (CTDIvol, DLP) were compared to international reference levels. For Group I, the CTDIvol and DLP values were higher than the reference
levels. After Dose optimization the CTDIvol and DLP values were significantly reduced to have lower values than the reference levels. The results of our study showed
that the CTDIvol and DLP values taken from images done using the protocols set by the Ct machine developers are higher than the reference levels which indicate
that manufacturers are focusing their efforts toward improving image quality rather than the minimizing the dose that can be given to the patient.

Introduction
The use of helical, multislice CT (MSCT) is rapidly growing due
to technological improvements in the modern machines. Advances in
CT imaging techniques have resulted in a significant increase in the
frequency of CT examinations in both adult and children, replacing
more and more radiographic examinations. However, CT can be
responsible for the increase of carcinogenesis [1-4]. But we have to
accept the fact that with the vast improvement of technology, patients
benefited from a quicker and more accurate diagnosis and precise
anatomic information for planning therapeutic procedures. This lead to
a substantial increase in the collective dose, as reported by international
organizations (ICRP 2000 and United Nations Scientific Committee
2000) [5]. In spite of this constructive contributions of CT to modern
healthcare, attention must also be given to the health risk associated
with the ionizing radiation received during a CT exam. Because
of this potential radiation risk from this increased use of CT makes
it important that CT doses be kept as low as reasonably achievable.
However, modern CT scanners have a wide variety of exposure factors
and involve techniques that allow dose optimization to the patient
[6-9]. Guidelines to optimize the protection of patients during CT
procedures have been provided by various international organizations
[10-13]. All implemented guidelines include reference doses that
are defined as diagnostic reference levels (DRLs) or guidance levels.
These guidelines assist in the optimization and reduction of patient
protection and allow comparisons between the different CT scanners
and techniques. The dose parameters suggested in the guidelines are
the volume CT dose index (CTDIvol) and dose length product (DLP)
for the entire examination.
Although there is still adequate room for improvement, CT
dose reduction requires a combination of different approaches
or strategies. These include optimization of scanning protocols
according to age- or weight-based adjustments, justification of CT
use by referring physicians and emergency departments, decrease of
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unnecessary examinations, development of better exposure protocols
by manufacturers, and better training and education for radiological
technologists. However, to our knowledge, no reports are available
in Bahrain with regard to the investigation of CT scanning protocols.
There are no standardized procedures for CT imaging across hospitals
in Bahrain, as each hospital has its own specific protocol, which are not
necessarily optimized in terms of dose reduction.
The purpose of this study was to assess the adult CT practice, analyze
CT scanning parameters used in routine head, chest and abdomen and
pelvis imaging in the radiology department at King Hamad University
Hospital. Moreover, our practical goal was to find an optimization
approach to minimize the absorbed dose to adult patients undergoing
CT examination, while maintain the diagnostic image quality.
We hope that the results of this study could be used by radiologists
and medical imaging technologists to modify their existing practice and
serve as one of the basis for optimization of CT imaging. Additionally,
the medical community in Bahrain needs to better educate the public
to the risks and benefits associated with CT, such that they can make
conscience decisions based on scientific facts regarding their healthcare.

Materials and methods
Patient examinations
In this study, medical images taken by Optima CT660 system
(GE Health Care, WI, USA) are considered. Adult head, chest, and
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abdominal and pelvis CT examinations were chosen for the evaluations
because they are most common procedures performed in the radiology
department. The hospital ethics committees of King Hamad University
Hospital approved the study protocol.

Radiation dose
Radiation dose to the patient was monitored for each study by
means of the two standard dose indicators, volume CT dose index
(CTDIvol) and dose length product (DLP), that were calculated by the
CT scanner for each CT study. The CTDIvol parameter is representative
of the average dose delivered within the reconstructed section. The
CTDIvol represents the weighted CT dose index divided by the pitch
and describes the average dose throughout a 160-mm-diameter
circular Plexiglas phantom, incorporating the central dose weighted by
a 1/3 factor and the peripheral dose weighted by a 2/3 factor. The DLP
can be related to energy imparted to organs and can thus be used to
assess the overall radiation burden of a given examination. It is equal
to the product of the CTDIvol and the length of the scan in centimeters
(Huda and Mettler 2011 [14]).

Effective dose estimate
The effective dose estimate was determined by using a DLP-based
method in which CT dose estimates are calculated by multiplying a DLP
value and an appropriate conversion factor. Accordingly, conversion
factors for the DLP-based method should be updated (ICRP 2007,
Deak et al 2010 [15]) (Table 1).

Statistical analysis
For each type of CT study, differences between the two groups of
patients in terms of radiation dose values were evaluated for statistical
significance. Differences were considered significant at P <0.05 and
0.01.

the pitch to ≤ 1.37, as sampling gaps occur if higher pitch values are
used that lead to image reconstruction artifacts. In planning the scan,
issues that are related to quality had to be considered include image
noise and image contrast. For the purpose of minimizing radiation
dose exposure, noisier images, if sufficient for radiological diagnosis,
should be accepted. Dose reduction efforts were matched with this
critical component in order to maximize the quality/dose ratio. For
chest examination we restricted our protocol for a slice thickness of
5mm, while we allowed the value to be 2.5 or 5mm for abdominal and
pelvic examination. We initially tried 5 mm, but this section thickness
was judged sometimes to be insufficient by our radiologists in terms
of spatial resolution. Hence, for abdomen and pelvis CT the slice
thickness was chosen to be either 2.5 mm for renal or 5 mm for routine
evaluation. However, a thinner section thickness (1.25 or 0.625mm)
was required in few cases to achieve better spatial resolution and enable
assessment of fine anatomic details in these studies.
The range of the modulated tube current in milliamperes was
decided subjectively by a registered radiology technologist, in a range
set by the technologist, on the basis of different factors. The noise
index NI was initially set at its lowest value and slowly increased until
the image quality was determined to be sufficient by the radiologists.
A lower NI leads to lower noise and thus into an improved image.
However, a lower NI (better image quality) requires higher tube
current for a given pitch and tube rotation time and therefore delivers
higher patient radiation dose. The rotation time for most types of scans
was lowered from 1 second to 0.5 second.
The important technical factors and radiation doses, including
volumetric CT dose index and DLP values, at routine head, chest, and
abdominal CT for Group I and group II are listed in Tables 3, 4, and
5, respectively.

The studied data included patient sex, and age; tube voltage and
tube current settings; pitch; section thickness; number of sections;
volume CT dose index (CTDIvol) and dose length product (DLP).
Patients in Group I was imaged according to the protocols set by the
GE. Group II were imaged according to the protocols set by our team
after optimization.

Both CTDIvol and DLP were significantly lowered from for
unenhanced female adult brain from (79 to 40 mGy) and for male
adult from (79 to 46 mGy) (Table 3). Regarding adult abdomen and
pelvis CT (Table 4), CTDIvol were lowered from (20.7 to 19.0) for
adult females and for adult males from (37.3 to 17.8 mGy) when dose
optimization was considered compared with CTDIvol and DLP when
dose optimization was not used. Regarding chest CT in adult patients
(Table 5), CTDIvol and DLP were lowered from (21.4 to 14.2 mGy)
and from (22.3 to 14.3 mGy) for adult males.

Results

Discussion and conclusion

We evaluated our three most frequent types of CT studies: adult
brain CT performed without contrast material (unenhanced CT),
abdomen and pelvis CT, chest CT in adult patients. Data from 626
examinations for the two studied groups of patients who underwent
routine head, chest, abdominal and pelvic CT were collected. Group
I was for patients before optimization, while Group II for the patients
after optimization. These subjects included 152 patients who underwent
head CT, 422 who underwent chest CT, and 52 who underwent
abdominal CT.

In this study we investigated the DRLs for three anatomical
regions, head, chest and abdomen and pelvis for both females and male
patients. Two groups were considered, in Group I patients were imaged
according to the protocols set by the GE and in Group II patients were
imaged according to the protocols set by our team after optimization.

Data collected

Prior to the introduction of dose optimization, and to evaluate the
dose, patients’ data were collected, analyzed and compared with the
international standards [16-18]. The general results are shown in Table 2.
The CTDIvol and DLP values were higher than the reference
levels given by of the international standards. Dose reduction through
optimization of the examination protocol was then considered. We
were able to adjust the adjustable factors such as noise index, scan
time, pitch, rotation time and slice thickness. However, we limited
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The results of our study demonstrate that the radiation doses for
Group I were higher than the international guidelines. This indicates
that manufacturers are focusing their efforts toward improving
image quality regardless to the radiation limits and guidelines. After
optimization (Group II) radiation doses were lower than the DRLs for
the head, abdomen and chest CT examinations.
The mean weighted CT dose index CTDIvol for head after
optimization (Group II) (43.8 mGy) for head CT in the entire sample
(Female and Male patients) was comparable to values reported by other
authors (34–56 mGy) [19,20] (58-66) [8], and in the range of the value
reported by the IAEA coordinated research project (19-51 mGy) [11].
The mean DLP (760 mGy.cm) for head CT was comparable also to
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Table 1. Adult Conversion Factors for Dose-Length Product-Based CT Dosimetry Based on International Commission on Radiological Protection (ICRP) Publication 103, (ICRP 2007)
and summarized by [15].
Age

Male

kVp
80

Adult

Female

Head

Neck

Chest

Abdomen

Pelvis

Head

Neck

Chest

Abdomen

Pelvis

0.0017

0.005

0.0107

0.0132

0.01

0.0019

0.0055

0.0188

0.017

0.0157

100

0.0018

0.0049

0.0104

0.0132

0.0099

0.002

0.0053

0.0183

0.017

0.0155

120

0.0018

0.0049

0.0105

0.0134

0.01

0.002

0.0053

0.0185

0.0173

0.0157

140

0.0018

0.005

0.0107

0.0134

0.0102

0.002

0.0055

0.0188

0.0173

0.016

Table 2. Comparison of Head, Chest, and Abdominal CT Dose Values with DRLs given in the international standards [16,17,18]. Group I was imaged according to the protocols set by the
GE. Group II were imaged according to the protocols set by our team after optimization.
Examination
Head CT
Chest CT

Dose Parameter
CTDIvol (mGy)

Group I

Group II

EU 2004

UK 2003

79

44

60

100

IAEA 2006
47

DLP (mGy·cm)

1218

760

1050

1050

1050

CTDIvol (mGy)

22

14

30

14

9.5

DLP (mGy·cm)

794

401

650

580

447

Abdominal CT

CTDIw (mGy)

31

18

35

13

10.9

DLP (mGy·cm)

1097

831

780

560

696

Table 3. The important technical factors and radiation doses, at routine head, for Group I and group II. Group I was imaged according to the protocols set by the GE. Group II were imaged
according to the protocols set by our team after optimization.
Head

Group I

Group II

Adult Females

Adult males

Adult Females

No of Patients

44

50

25

Adult males
33

Average Age

53.4

54.4

53.2

53.9

Milliampere

224-322

202-385

157-344

202-409

CTDIvol (mGy)

79

79

40

46

DLP (mGy.cm)

1198

1207

655

831

Slice thickness (mm)

2.5

2.5

5

5

Rotation time (second)

1.2

1

0.5

0.5

pitch

0.78

0.76

0.98

0.98

Conversion factor

0.002

0.0018

0.002

0.0018

E (mGy)

2.4

2.2

1.3

1.5

Table 4. The important technical factors and radiation doses, at routine abdomen and pelvis, for Group I and group II. Group I was imaged according to the protocols set by the GE. Group
II were imaged according to the protocols set by our team after optimization.
Abdomen and pelvis

Group I

Group II

Adult Females

Adult males

Adult Females

No of Patients

95

167

70

Adult males
90

Average Age

44.5

44.1

39

42.2

Milliampere

308-429

303-410

304-403

299-408

CTDIvol (mGy)

20.7

37.3

19.0

17.8

DLP (mGy.cm)

1090

1100

814

838

Slice thickness (mm)

2.5

2.5

2.5-5

2.5-5

Rotation time (second)

0.85

0.85

0.5

0.5

pitch

1.35

1.35

1.37

1.37

Conversion factor

0.0173

0.0134

0.0173

0.0134

E (mGy)

18.9

14.7

14.1

11.2

Table 5. The important technical factors and radiation doses, at routine chest, for Group I and group II. Group I was imaged according to the protocols set by the GE. Group II were imaged
according to the protocols set by our team after optimization.
Chest

Group I

Group II

Adult Females

Adult males

Adult Females

No of Patients

14

13

12

Adult males
13

Average Age

60.7

57.2

59.1

46.5

Milliampere

342-426

218-376

330-425

250-380

CTDIvol (mGy)

21.4

22.3

15.2

14.29

DLP (mGy.cm)

770

819

480

401

Slice thickness (mm)

2.2

2.1

5

5

Rotation time (second)

1.25

1.13

0.5

0.5

pitch

0.85

0.88

1.37

1.37

Conversion factor

0.0185

0.0105

0.0185

0.0105

E (mGy)

14.2

8.6

8.9

4.2
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the results reported by other authors such as [21] (740 mGy .cm) and
[22] (587 mGy. cm) (31), and [17] (787 mGy.cm). It should be noted,
however, that all of these authors reported values that were much lower
than the European and IAEA DRL (1050 mGy.cm).
The mean weighted CT dose index for abdominal CT after
optimization was 18.2 mGy, which is in the range of values (16–29
mGy) reported by a number of other authors [17,19,23]. On the other
hand, the mean DLP for abdominal CT (830 mGy. cm) is higher than
the values reported by [23] (493–551 mGy.cm). It should be noted,
however, that the above values were taken in the upper part of the
abdomen and not in the entire abdominal region, so the scanned
region in the patient was substantially decreased. On the other hand,
all of the abdominal CT examinations performed in the KHUH were in
fact abdominal-pelvic examinations, and this partially explains why the
mean DLP for abdominal CT (696 mGy.cm) at our hospital was higher
than the mean DLP for our entire sample (549 mGy.cm).
Moreover, the mean weighted CT dose index (14.3 mGy) for
chest CT was lower than the value reported in the previous IAEAcoordinated research project (16.2 mGy) (IAEA 2004) [10]. The mean
DLP (401 mGy. cm) for chest CT was lower than the IAEA-reported
value (455 mGy.cm) [11].
Our study was limited by the decision to examine only adult
patients from our hospital, so the results did not include smaller health
centers or private hospitals in the country.
We found that dose optimization resulted in significant reductions
in radiation dose to adults (P≤0.001). As our study was performed
in one center only and with one type of CT scanner, hence these
obtained data and results should be confirmed in studies that evaluate
CT scanners from other manufacturers. In conclusion, we recommend
routine use of dose optimization for all CT examinations, because
this approach affords a significant dose reduction while preserving
image quality. Implementation of dose optimization requires a finetuning process to identify optimal signal-to-noise level for each type
of CT study performed. Although, we investigated the effect of dose
optimization on all our CT protocols, but this study is limited to our
radiology department and further investigation should be done in
other hospitals in the country.
References
1. Committee to assess health risks from exposure to low levels of ionizing radiation NRC
(2006) Health risks from exposure to low levels of ionizing radiation: BEIR VII Phase
2. Washington, DC: National Academies Press: 2006.
2. Hall EJ, Brenner DJ (2008) Cancer risks from diagnostic radiology. Br J Radiol 81:
362-378. [Crossref]
3. Berrington de González A, Mahesh M, Kim KP, Bhargavan M, Lewis R (2009)
Projected cancer risks from computed tomographic scans performed in the United
States in 2007. Arch Intern Med 169: 2071-2077. [Crossref]
4. Mathew JD, Forsythe AV, Brady Z, Butler MW, Goergen SK, et al. (2013) Cancer risk
in 680,000 people exposed to computed tomography scans in childhood or adolescence:
data linkage study of 11 million Australians. BMJ 346: f2360. [Crossref]
5. United Nations Scientific Committee on the Effects of Atomic Radiation (2000) Report
to the general assembly, annex D: medical radiation exposures. New York, NY: United
Nations.

6. McCollough CH, Primak AN, Braunc N, Kofler J, Yu L, et al. (2009) Strategies for
Reducing Radiation Dose in CT. Radiol Clin North Am 47: 27-40. [Crossref]
7. Graser A, Wintersperger BJ, Suess C, Reiser MF, Becker CR (2006) Dose reduction
and image quality in MDCT colonography using tube current modulation. AJR Am J
Roentgenol 187: 695-701. [Crossref]
8. Foley SJ, McEntee MF, Rainford LA (2012) Establishment of CT diagnostic reference
levels in Ireland. Br J Radiol 85: 1390-1397. [Crossref]
9. Yates SJ, Pike LC, Goldstone KE (2014) Effect of multislice scanners on patient dose
from routine CT examinations in East Anglia. Br J Radiol 77: 472-478. [Crossref]
10. IAEA, International Atomic Energy Agency (2004) Optimisation of the radiological
protection of patients undergoing radiography, fluoroscopy and computed tomography.
Document no. IAEA-TECDOC-1423. Vienna, Austria: International Atomic Energy
Agency.
11. Tsapaki V, Aldrich JE, Sharma,R, Staniszewska MA, Krisanachinda A, et al. (2006)
Dose Reduction in CT while Maintaining Diagnostic Confidence: Diagnostic Reference
Levels at Routine Head, Chest, and Abdominal CT—IAEA-coordinated Research
Project. Radiology 240: 828-834. [Crossref]
12. International Commission on Radiological Protection 2000: managing patient dose
in computed tomography. In: Annals of International Commission on Radiological
Protection. ICRP 84. Didcot, Oxfordshire, England: Pergamon, 2000.
13. European Guidelines on Quality Criteria for Computed Tomography. Report EUR
16262. Brussels, Belgium: European Commission, 1999.
14. Huda W, Mettler FA (2011) Volume CT Dose Index and Dose-Length Product
Displayed during CT: What Good Are They? Radiology 258: 236-242. [Crossref]
15. Deak PD, Smal Y, Kalender WA (2010) Multisection CT Protocols: Sex- and Agespecific Conversion Factors Used to Determine Effective Dose from Dose-Length
Product. Radiology 257: 158-166. [Crossref]
16. Bongartz G, Golding SJ, Jurik AG, Leonardi M, van Persijn van Meerten E, et al.
(2004) Quality criteria for multislice computed tomography. Results from a European
concerted action on CT (FIGM-CT-2000-20078) Appendix B: European field survey
on MSCT
17. Shrimpton PC, Hillier MC, Lewes MA, Dunn M (2005) National Radiological
Protection Board (NRPB): doses from computed tomography examinations in the
UK—2003 review. Document NRPB-W67. Chilton, England: National Radiological
Protection Board.
18. Shrimpton PC, Hillier MC, Lewis MA, Dunn M (2006) National survey of doses from
CT in the UK: 2003. Br J Radiol 79: 968-980. [Crossref]
19. Fridberg E, Borretzen I, Olerud M (2003) Dual and multidetector-row CT: what about
the doses?” Presented at the Radiation Protection Symposium of the North West
European Radiation Protection Societies, Utrecht, the Netherlands.
20. Prokop M, Galanski M (Eds.) Spiral and Multislice Computed Tomography of the
Body, Thieme, New York, NY (2003), pp. 131-16.
21. Torp C, Olerud H, Einarson G, Gron P, Leitz W, et al. (2001) Use of the EC quality
criteria as a common method of inspecting CT laboratories: a pilot study by the Nordic
Radiation Protection Authorities—radiological protection of patients in diagnostic
and interventional radiology, nuclear medicine and radiotherapy. Document IAEACN-85-175. Vienna, Austria: International Atomic Energy Agency.
22. Hidajat N, Wolf M, Nunnemann A, Liersch P, Gebauer B, et al. (2001) Survey of
conventional and spiral ct doses. Radiology 218: 395-401. [Crossref]
23. Papadimitriou D, Perris A, Manetou A, Molfetas M, Panagiotakis N, et al. (2003)
A survey of 14 computed tomography scanners in Greece and 32 scanners in Italy.
Examination frequencies, dose reference values, effective doses and doses to
organs. Radiat Prot Dosimetry 104: 47-53. [Crossref]

Copyright: ©2017 Sakhnini L. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Radiol Diagn Imaging, 2017

doi: 10.15761/RDI.1000120

Volume 2(1): 4-4

