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ABSTRACT                                                                                                            
Background: The use of diagnostic reference levels has been shown to reduce the overall dose and the range of doses observed in clinical practice. Optimization of patient dose in computed tomography requires the application of examination-specific scan protocols tailored to patient age, size, region of body and clinical indication. 
Objectives: To establish the computed tomography dose index (CTDI) and Dose length product (DLP) for abdominal CT examinations in Anambra State and to ascertain the level of compliance of current practice with respect to the internationally established (DRLs)  as well as the effective dose values for abdominal CT examinations.
Method: A total of 60 adult subjects presented for abdomen examinations from each of the four CT centres with a total of 240 subjects were surveyed for over a 6-month period. Data were obtained from a GE Brightspeed multidetector CT scanners, Toshiba Alexium and Siemens somaton perspective. The dose were derived from computed tomography dose index (CTDI vol), and dose length product (DLP) with the effective dose (E) calculated. Data was analyzed using SPSS version 20 software and 75th percentile of DLP and CTDIvol were adopted as a basis for DRLs.
Results: The 75th percentile values for CTDIvol and DLP were 24mGy and 962.8 mGy/cm for abdomen. The calculated effective dose value is 14.4mSv.
Conclusion: Dose variations across CT centres have identified an urgent need for optimization to bring down centre-specific and composite DRL in tandem with works done abroad
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 INTRODUCTION
A Computed Tomography (CT) scan also called X-ray CT scan is an imaging modality with non-invasive method of acquiring detailed images of the structures inside the human body without overlap of overlying anatomical structures.[1,8] .
CT scan is recognized as the largest contributor to population doses from medical exposure [11] with CT examinations of chest and abdomen is currently increasing due to technological advancement which allow scanning of large area including the radiosensitive organs of the body [12].
In Ireland, chest and abdominal CT examination account for 20% of all CT studies and result in absorbed doses of up to 20mGy, which is highest in diagnostic Radiology.7 Excessive doses in CT are not as readily identified through image quality effect as in conventional radiography, thus an awareness of typical dose level allows CT Radiographers to quickly identify and address any unjustified radiation dose [42]
The use of diagnostic reference levels has been shown to reduce the overall dose and the range of doses observed in clinical practice. For example, U.K national dose surveys demonstrated a 30% decrease in typical radiographic doses from 1984 to 1995 and an average drop of about 50% between 1985 and 2000 [16]. 
Optimization of patient dose in computed tomography requires the application of examination-specific scan protocols tailored to patient age, size, region of body and clinical indication in order to ensure that the dose to each patient is as low as reasonably practicable for the clinical purpose of the CT examination. 5 Three fundamental principles of radiation protection were approved by International Commission on Radiological Protection (ICRP). They include justification, optimization and dose limitation.  The principle of justification requires that any decision that involves the use of ionizing radiation source should result in sufficient individual or societal benefit to offset the detriment it causes [21]. In addition, as part of the optimization procedure, the ICRP recommends that there should be restriction on the doses to individuals from a particular source and this leads to the concept of dose constraints [21]. Diagnostic reference levels is a tool to ensure that procedures are optimized and remain optimized by continuous improvement of procedures and evaluation of performance of examination. In other words, they are practical tools to promote the assessment of existing protocols and appropriate development of new and improved protocols at each CT centre by facilitating the comparison of doses from present practice should be put in place. It is intended to provide guidance on what is achievable with current good practice rather than optimum. It is defined by Council of the European Union as Dose levels in medical, radio-diagnostic practices or, in the case of radio-pharmaceuticals, levels of activity, for typical examinations for groups of standard-sized patients or standard phantoms for broadly defined types of equipment. These levels are expected not to be exceeded for standard procedures when good and normal practice regarding diagnostic and technical performance is applied [26]. The International Commission on Radiological Protection (ICRP) recommends the establishment of diagnostic reference levels as a medium for optimizing the radiation dose delivered to patients in the course of diagnostic procedure. The dosimetric parameters recommended for monitoring the DRL in CT examination are weighted Computed Tomography Dose Index (CTDIvol) and Dose Length Product (DLP)[13].  DRLs are usually calculated by collection of patient dose data at the 75th percentile point of the dose spread (CTDIw. and DLP)[32]
International Atomic Energy Agency (IAEA) requires every country to establish a   radiation regulatory body. Consequently, Nigerian Nuclear Regulatory Authority (NNRA) and National Institute for Radiation Protection and Research (NIRPR) in 1996 and 2005were respectively established by Act 19 of 1995. These two bodies are responsible for research, regulating and training of Radiation Protection Personnel (RPP) in Nigeria as well as establishment of national, regional and local diagnostic reference levels [35].
                                                               
                                                
 MATERIALS AND METHODS
A prospective cross sectional design was adopted during this study. The study was carried out in four CT for a period of six month. Using a purposive sampling technique the population of this study included all prospective adult subjects for CT abdominal examinations in four CT centres in the state.  For establishment of Diagnostic Reference Levels DRLs, a minimum of 10 participants is recruited for each body part under examination. 13 In several reviewed studies, a minimum of 10 patients for each body region was considered significant in establishment of diagnostic reference levels. 39, 3 Adult patients from 18 years and above referred and patients who presented for routine CT examination were considered in this study. Ethical approval was obtained from the hospitals studied. Data were obtained with the aid of a data capture sheet adopted from the IAEA survey form and has the following sections: participant demographic information, scan parameters and dosimetric quantities and parameters through the assistance of CT Radiographers in charge of the four centres surveyed. The demographic information considered in this study were gender, age, and body region. Data was analyzed using SPSS version 20.0 Chicago. The mean, standard deviation and 75th percentile (third quartile) values were used. Comparison was made between the measured doses and reported data from the European (DRLs) have been established. Statistically significant results of dose values between CT centres were determined at  0.05 level of significance.

RESULTS
 Table 1: Age, gender and number of subjects 

	CT Centres 
	Frequency
	Total
	Range (years)
	Mean ± SD (years)

	
	Male
	Female
	
	
	

	Centre               A 
	30
	30
	60
	18 - 80
	51 ± 16.4

	Centre 	  B 
	33
	27
	60
	18 - 79
	45 ± 16.3

	Centre 	  C 
	31
	29
	60
	19 - 80
	54 ± 16.2

	Centre 	  D 
	27
	33
	60
	25 - 79
	50 ± 14.3

	Composite values.
	121
	119
	240
	18 - 80
	50 ± 16.1






            
                             Table 2:  Mean and 75th percentile of the CTDIvol  and DLP
	Variables
	   Abdomen CTDIvol
	Abdomen (mGy-cm) DLP

	
	Mean
	75th percentile
	      Mean
	75th percentile

	Centre   A
	22.0 ± 20.6
	  24.3
	717.7 ± 177.4
	818.5

	Centre   B
	28.1 ± 48.0
	  16.2
	938.0 ± 425.3
	1102.0

	Centre   C
	31.5 ± 41.1
	  34.1
	677.4 ± 339.0
	943.8

	Centre   D
	16.1 ± 10.0
	  20.0
	706.7 ± 260.5
	966.0

	Composite values.
	24.6 ± 33.7
	  24.0 
	758.5 ± 327.1
	962.8




        



                      
 	 Table 3:  The 75th percentile of the CTDIvol and DLP according to gender
	Variable
	CTDIvol (mGy
	DLP (mGy/cm)

	
	Male
	Female
	Male
	Female

	Centre A
	29.0
	21.0
	812.0
	886.0

	Centre B
	16.0
	16.4
	1062.0
	1600.0

	Centre C
	60.0
	29.0
	1047.3
	959.0

	Centre D
	26.0
	17.6
	944.0
	953.0

	Composite values
	27.1
	17.6
	954.2
	966.0



 
              




                  Table 4: Effective dose values for chest and abdominal CT in Anambra state
	Body Region
	Abdomen

	DLP
	926mGy.cm

	Effective Dose
	14.4mSv




                         


Table 5: Comparison of present work with some published European  DRL values

	
Research Study
	
Location
	Abdomen

	
	
	CTDI (mGy)
	DLP (mGy-cm)

	Present study, 2016
	Nigeria
	24
	963

	European Commission,1999
	UK
	35
	780

	ARPANSA, 2015
	Australia
	15
	700

	Saravanakumar, 2015
	India
	16
	482

	JARPM, 2015
	Japan
	20
	1000

	Bourguignone, 2008
	France
	15
	921

	Maximum % deviation
	Nigeria with
	UK: 31.4 %
	Japan: 3.7 %



                      
Table 6: Correlation of anthropometric variables with CTDIvol and DLP 
	Variables
	
	CTDI
	DLP
	Remark

	age
	r
	-0.037
	-0.038
	Poor correlation

	
	p
	0.685
	0.684
	Not significant






DISCUSSION

From our study, the 75th percentile for the CTDIvol and DLP results were 24 mGy and 963 mGy.cm for abdomen. These values were higher than the values published for adult Abdomen in Australia and approximately 37.5% for CTDIvol (15mGy) / approximately 27% for DLP (700 mGy·cm) for abdomen. The values are also higher when compared to the published values for abdomen in India by approximately 33% for CTDIvol (16mGy) and approximately 50 % for DLP (482 mGy·cm) for abdomen [3].
Also our study recorded values lower than those generated in Ibadan western Nigeria by approximately 36.7% for CTDIvol (24mGy)/approximately double the DLP (962.8mGycm) for abdomen [24]. Similarly, our generated value were also lower than values obtained at Maiduguri, Northern Nigeria for abdomen by approximately 27.1% for CTDIvol (24mGy) and approximately 42.6% for DLP (962.8mGy.cm) [1].

In other to ascertain the level of compliance of current practices in  similar research findings in the literature, further comparisms were made From our work, the CTDIvol for abdomen (24 mGy) fall within the   range    found in the literature for abdomen (15–35mGy) respectively. 13, 3, 6 However, the DLP for abdomen (963 mGy-cm) was    within the    range found in the literature (482 – 1000 mGy-cm) [13, 6, 4, 39].

Also, inter-centers comparisons with regard to the proposed DRL from the study were made. From the analysis, we noted that almost 50% of CT centres that participated in this study exceeded the DLP set for the DRL. Also, 75 % of the values for chest and 50% for abdomen exceeded the CTDI Vol proposed for the state. This indicates that there is urgent need for dose audit and optimization measures.
 DLP was converted to effective dose using a normalized coefficient found in the European guideline 0.015 mSv.mGy¯1 for abdominal CT. The mean effective dose value for abdominal CT was 14.4mSv. These values are higher than values obtained in UK, 13.3 mSv, Australia, 11.9 mSv and India 8.2 mSv for abdomen respectively. [13, 6].
 Age had a weak negative correlation with CTDIvol for abdomen (r = - 0.037, p = 0.685) at p-values > 0.05 level of significance. Also, age also correlate negatively with abdomen (r = -0.338, p = 0.684) at p-values > 0.05 level of significance. This indicates that there is no correlations between age and dose (CTDIvol and DLP) for abdominal computed tomography examination and statistically insignificant.
 CONCLUSION
 The CT reference dose level for abdominal examination was found to be CTDIvol 24 mGy for abdomen and DLP 962.8 mGy.cm. From this study, few CT centres met with the international recommended reference levels. However, most centres were not observing proper dose optimization strategies in some cases. The effective dose value for abdominal CT examinations is 14.4 mSv. There was no correlations between age and dose (CTDIvol and DLP) for abdominal computed tomography examination and statistically insignificant.
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