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X-ray examinations are an established tool of medical diagnosis. Their widespread use means that, on the average, health system in Serbia provides annually more than 9 million different X-ray procedures or more than 900 examinations per 1000 inhabitants. All exposures to diagnostic X-rays need to be justified and optimized in terms of benefit and risk. One of the basic requirements for such justification and optimization is knowledge of patient doses. 
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Although mandatory by law, systematic recording of patient exposure is not part of radiology practice in Serbia. Also, there are no established national diagnostic reference levels (DRL). The purpose of this work is to estimate patient doses for the most frequent radiology examinations. At this stage, seven common radiography procedures (12 projections) and two of the most frequent complex procedures were studied. 

Initially, measurements were performed for the wide range of radiological equipment in 25 X-ray rooms in 16 general hospitals and concentrated on the most common examinations types and. In summary, 162 complex examinations and 2864 radiographic procedures were studied, to represent a typical radiological practice in Serbia.
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Using established Quality Control Protocol, all X-ray tubes and generators were tested before start of patient dose survey using calibrated Barracuda Multimeter (RTI Electronics AB, Goteborg, Sweden) and RMI set of quality control tools (RMI, Middleton, USA).  All units have met the required performance specifications except the requirement for tube filtration.

For each examination, following personal data and technical parameters were collected: patient sex, age, weight and height, type of procedure, analysis of simple examination for each patient (kV, mAs, film size, focus-to-film distance), analysis of complex examination for each patient (tube potential, tube current and time for fluoroscopy, kerma-area product for fluoroscopy and radiography, number of images and film size).

At least 10 average-size patients were observed for each examination type and all film were assessed as acceptable by minimum two experienced radiologists.
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The indirect dosimetry method was applied for entrance surface dose (ESD) assessment. For complex examinations, kerma-area product (KAP) was determined using KERMAX-Plus (Willower Scanditronix, Uppsala, Sweden) transmission ionizing chamber fitted to an X-ray tube light-beam diaphragm. KAP meter was calibrated on each unit enrolled into the study. 

To allow practical estimation of effective dose associated with radiographic radiography, United Kingdom’s National Radiological Protection Board conversion factors have been used. ESD and KAP as input parameters have allowed assessment of organ equivalent dose and effective dose for each patient and actual radiation quality. For complex examinations, as a first approximation, we used KAP to effective dose conversion factors proposed by other authors.
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The survey encompassed the monitoring of  3026 patients intotal with mean weight of (71±3) kg. 

The beam filtration in terms of HVL at 80 kVp ranged from 1.9 to 4.3 mm Al and nominal spedd class of film-screen combinations was 200 or 400. 

Numbers of males and females was evenly divided for all examination types. Only five hospitals undertook the complex examinations (barium meal and barium enema), so number of monitored patients for barium enema was lower within the specified time frame
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Table contains details on patients and examination technique for radiographic examinations. One may notice a soft beam technique still used for chest radiography
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Distribution of individual entrance surface dose values (ESD) for seven radiographic examination types is presented in the Table. Table sumarises mean valuse, medians, third quartiles and range of doses. Wide variations in patient doses from radiographic examinations between hospitals were found. Maximum/minimum ratio of mean hospital values ranged from 10 for thoracic spine AP radiography to 21 for lumbar spine LAT.
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Besides dialed exposure parameters, other equipment related factors, technologically limited, also affected patient doses. These are generator design, insufficient beam filtration and manual exposure control setting. High-dose hospitals commonly used three phase generators and insufficiently filtered beam. 

As presented in Table, doses obtained for radiographic examinations in this work are well below the European DRL . The exception was chest PA radiography. The explanation for relatively high doses in this type of examination (0.6 mGy compared to 0.3 which is European DRL) lies in soft radiation qualities applied. In addition to chest X-ray examination, significant dose reducing potential was observed for other examination types
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The data for the patients that underwent complex examinations and applied examination parameters are given in upper Table. The complex examinations were performed on continual fluoroscopy over-table units equipped with Automatic Brightness Control. Only three units used for barium meal examinations employed Automatic Exposure Control (AEC) setting. On other units, radiographers themselves made the selection of exposure parameters.  Bottom Table  compiles cumulative KAP values, number of patients, and fluoroscopy contribution to the total KAP and mean effective dose for barium meal and barium enema procedures. 
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Currently, the adopted reference levels in Serbian legislation are those proposed by International Atomic Energy Agency, but only for simple examination types. Since these values are not based on Serbian practice, the rounded third quartile values obtained in this work could be a starting point for national DRL. Now, it is important that hospitals operating above the DRL undergo investigation of their practice in order to bring their doses in line with other hospitals. 

The reference values for total KAP from barium meal and barium enema examinations, which can be derived from this survey by taking rounded third quartile of the KAP distribution, are 20 Gy(cm2 and 40 Gy(cm2, respectively. 
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A survey was conducted to investigate patient doses for common diagnostic radiology examinations. Exposure of 3026 patients was analyzed. ESD, KAP and effective doses were evaluated. 

The results of this survey will be an important input for new radiation protection measures in diagnostic radiology in Serbia . These could be considered as preliminary national DRL, since they were obtained in accordance with actual practice and equipment. With changing equipment and radiological technique that influence patient doses, it is recommended that dose surveys should be repeated at regular intervals, in order to establish dose levels applicable to current radiological practice. Also, dose assessment is to be performed for other imaging modalities.

