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Abstract

Repeat of X-ray examinations contributes to the radiation burden of patient and waste of resources in most developing countries. This study determined the economic implications of repeated X-ray examinations in 10 selected hospitals in Ghana.

The study was carried out in July, 2011 using a total of 2785 radiographs from 1685 patients (85.9% adult and 14.1% pediatrics). Of these, 944 (56.0%) were female and 741 (44.0%) male. Reject films were compiled and classified according to the reasons for the reject. Time and cost analyses due to the repeat examinations were also carried out.

Out of 2785 radiographs included in the study, 540 representing 19.4% were rejected. The overall reject rate for the individual hospitals ranged from 14.6% to 20.8%. The minimum time wasted by the radiographers in repeating examinations during the 1 month study was estimated to be approximately 135 h representing 17 working days in Ghana. The loss of revenue per month due to 540 rejected/repeated radiographs amounts to approximately $6021 equating to approximately $72,256/annum. Exposure error and poor patient positioning constituted between 52.0% and 23.0% respectively of the overall causes of film rejection and were evenly distributed across the hospitals.

Consistent training in radiographic techniques and standardization of protocols as well as quality assurance measures in the hospitals could help overcome the reported exposure error and poor patient positioning and improve revenue savings.
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Introduction

The production of high quality radiographs requires appropriate positioning of the patient, selection of proper exposure factors and control of film processing conditions. These result in a good image quality and precise diagnosis of the resultant image. Given the vast technological advancement which has occurred over the past decades within the field of medical imaging, there exists a need to define the optimum organizational or corporate structure which can deliver quality diagnostic outcomes.[1,2,3] Radiographers need to be able to deal with advanced technical equipment and be responsive to the continuous technological development within their field.[4,5] To assure quality service, service levels need to be measured within the clinical environment and a potential measurement tool is film reject analysis. [6 ] Studies have shown that most radiographs are rejected because of wrong patient positioning, patient or equipment motion and also the selection of the wrong exposure factors.[7,8,9,10]

Reject analysis can be done as a means of reducing departmental film expenses, minimizing radiation burden, and decreasing patient waiting times, thus increasing the quality of service delivery.[8] There is limited evidence concerning the application and effectiveness of film reject analysis within the imaging environment in Ghana, and it is important that awareness be created on the significance of reject analysis among radiology departments in the country. The aim of this study therefore is to determine the cost, time, and radiation dose implication of repeat X-ray examinations in ten selected hospitals in Ghana. The study was carried out from 1 st to 31 st July, 2011. For ethical considerations, the hospitals involved in the study are represented as H1-H10. These hospitals were selected to represent one referral hospital in each of the 10 regions in Ghana.
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Materials and Methods

A prospective study was conducted to evaluate subjectively the causes of radiographic film reject in imaging departments in ten hospitals in Ghana. The rejected radiographs were kept in stored boxes in the respective duty rooms during the study period and were later collected and analyzed. The rejected radiographs consisted of the basic X-ray projections (antero-posterior (AP), post-anterior (PA), and Lateral) in general radiography of adult and pediatric patients.
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X-ray equipment and data collection instruments

Table 1 shows the characteristics of the X-ray machines in the 10 X-ray diagnostic centers used for the study. All X-ray machines were constant potential generators with 2.5 mm Al total equivalent filtration at 80 kVp. Two manufacturers' cassettes (Agfa and Kodak) were used with a screen-film combination speed of 400. A proforma for film reject analysis was compiled based upon previous studies,[7,8,9] which was completed by the radiographers each time a radiograph was found to be unacceptable. The reasons for the rejects, which were coded A-G for ease of analysis are over-exposure; under-exposure, positioning error, patient movement, equipment fault, processor fault, and "others," which required the radiographer to provide additional information in a comments box. Daily records of the total number of films used and films rejected by the radiographer in a particular room were taken and details of each rejected film were recorded on a designed form. The radiographer in-charge of the room also recorded the cause of the reject film from the coded list on the data sheet. The most common general radiography examinations carried out in the ten hospitals were selected for the study. These were chest (post-anterior and lateral); lumbar spine (antero-posterior and lateral); pelvis-AP; abdomen-AP and skull (PA and lateral). In conventional imaging, reject analysis can be described as the critical evaluation of radiographs that have been rejected as being of insufficient quality to enable a diagnostic radiological interpretation to be given.[7] A reject rate is defined as the number of films rejected in the department expressed as a percentage of the total films used. This includes radiographs that are repeated as well as films wasted due to equipment error and other factors. Retake or repeat rate refers to the percentage of clinical radiographs that have to be retaken owing to an error resulting in an image of unacceptable quality.[10] Thus, Reject Rate = ([No. of Rejected Films]/[Overall No. of films used]) × 100%.

[image: Table 1]Specifications of X-ray machines used for the study
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Inter-rater agreement

Inter-rater agreement was calculated using kappa.[11] To measure the inter-rater agreement, a random selection of 50 of the radiographs, which had been assessed by the radiographer was re-evaluated by a 2 nd independent radiographer. The results were then compared and kappa was calculated using Statistical Package for Social Scientists (SPSS) version 16 to determine the level of inter-rater agreement. Kappa values can range from 0 to 1 with 0 demonstrating no agreement and 1 demonstrating total agreement.
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Statistical analysis

Data collected from the study were analyzed using SPSS version 16. The nature of data collected were nominal and ordinal, which enable the use of descriptive statistics such as tables, frequencies, percentages, and graphs for simplification of data analysis.
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Results
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Reliability test for reject films

The level of agreement between the scores of the assessors had kappa value of 94% for inter-observer reliability, indicating very good agreement.
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Workload and reject rates

Diagnostic quality of 2785 radiographs from 1685 patients of which 944 (56.0%) were female and 741 (44.0%) were male who presented for selected examinations in the hospitals were subjectively assessed by the ten radiographers. Out of these radiographs, 540 (19.4%) comprising of 464 (85.9%) adult and 76 (14.1%) pediatric patients were rejected. Patients presenting for chest, pelvis, and abdomen examinations had a single projection whilst those for lumbar spine and skull examinations had two projections (Anterior posterior (AP) and Lateral (LAT)) for lumbar spine and PA and LAT for skull) accounting for the difference between the number of patients and radiographs used. Table 2 shows the reject rates per hospital and examination. The results show that the overall reject rates as well as that for individual examinations and projections across the hospitals were all higher than levels recommended (2%).[7]

[image: Table 2]Reject rates per hospital and examinations
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Causes of film rejects

Table 3 gives the breakdown of single causes of rejections of the radiographs in all 10 diagnostic centers. Rejects related to inappropriate use of exposure factors (over-and-under exposure) constituted 52.6% of the total causes of rejection. Incorrect patient positioning contributed 23.0% of the total films rejected. The cause of rejection due to "other" faults (poor collimation, double exposure, and double marker) recorded only 8.0% of total causes (poor collimation alone constituting 63.0%) shown in Figure 1.

[image: Table 3]Distribution of reasons for reject among the hospitals



[image: Figure 1]Analysis of other causes of rejections



Back to Top

Cost of rejected films

Cost analysis of films rejected [Table 4] was carried out in Ghana Cedis (GH¢). Approximately GH¢ 630.00 ($420.00 i.e., 1$ = GH¢ 1.5) was estimated to be the total cost of the rejected films in all the 10 imaging rooms within the 1 month period. This is approximated to GH¢ 7,560.00 (12 × 630) ($5,040.00) per annum of cost of only rejected films excluding other costs like processing chemical, etc., Estimation on the loss of revenue due to reject/repeat examinations was carried out and presented in Table 5. The table indicates that approximately GH¢ 9,032.00 ($6,021) was wasted to the 10 hospitals due to rejection/or repeat of 540 radiographic examinations in 1 month. This is equivalent to GH¢ 108, 384.00 ($72, 256.00) per annum.

[image: Table 4]Cost analysis of rejected films
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Discussion

The results show that the overall reject rates as well as that for individual examinations across the hospitals were all higher than recommended levels. Experienced X-ray personnel typically do not repeat more than 2% of the examinations while inexperienced or careless X-ray personnel repeat 10% or even more of all examinations taken.[7] It is reported that the mean rejects rates values for individual examinations in the USA are; 5% for chest, 8% for lumbar spine and pelvis; 12% for the abdomen and 5% for skull.[7] From the total of 1685 patients, 540 repeat radiographs were performed; therefore, 32% (540/1685) of patients attending for X-ray examination had an unnecessary radiograph taken with its attending increased radiation dose to the patients. The average time taken to perform a repeat radiograph has been estimated to be approximately 15 min;[8] therefore, the minimum time wasted by the radiographic staff in producing the repeat radiographs during the 1 month study in the ten hospitals was calculated to be approximately 135 h ([540 × 15]/60]) representing approximately 17 working days in Ghana (8 h/day) in 1 month. This obviously results in increased waiting times for patients. Medical imaging is capital intensive.[12] The loss of revenue from 540 rejected/repeated radiographs from the 10 study centers amounts to approximately $6021 per month or approximately $72,252/annum. There are currently approximately 300 imaging facilities in Ghana (mostly employing analogue X-ray equipment). The projected revenue loss translates from film rejects nationally amounts to $2,167,680/annum. This loss is substantial particularly in a developing country where resources are significantly limited.

Repeat X-ray examinations contribute to patient radiation dose and add to the expense on films, X-ray personnel time, wear, and tear on the equipment and accessories as well as inconvenience to patients. Therefore, minimizing the number of repeat films will not only reduce unnecessary exposure to patient, but can also have a significant effect on the department's running cost and time. If for no other reason, then the possible financial savings due to reduced film rejects should persuade imaging departments of the value of correctly performing film reject analysis and acting on the outcome. Radiology managers could use the evaluation of reject films to update their practice and decision making.[9,13] The cost of not doing so is high in terms of wasted resources.

The study found that the overall reject rate for the individual hospitals ranged from 14.6% to 20.8%, which is significantly higher than the 7.6% reported in Belgium;[13] 8% in UK[9] and 2.1% for conventional radiography reported in China.[6] The results also indicated that the reject rate for the individual projections were high compared with the figures reported in UK[9] namely, 6.5% for chest, 4% for the abdomen and 14.3% for lumbar spine.

Studies[6,7,8] regarding reject analysis showed that approximately 50% of repeats were due to error in choosing exposure factors (resulting in films or radiographs that are either too dark or too light; the film has incorrect density or shows poor contrast). Positioning error accounts for approximately 25.0% of all repeated films.[7] In this study, exposure error (over-and-under exposure) and poor patient positioning constituted approximately 52.0% and 23.0% respectively and were evenly distributed across the hospitals.

Chest and lumbar spine examinations recorded 66.8% (123/184) of the exposure error and 75.9% (107/141) of the poor positioning error. This is because the two examinations constituted almost 69.0% of the total examinations reported in all the hospitals and also as a result of high level of technique skills required for such examinations compared to rest in this study. Optimal exposure factors are a critical factor in producing quality chest radiographs as the area under examination has a wide density range from low density air-filled lung tissue to the high density heart and mediastinum. The technical challenge is to demonstrate this wide density range on one film without loss of details. Using high kVp will achieve this at the expense of reducing contrast on the film (as kVp increases, contrast decreases)[14] but this is acceptable as the detail of the lung fields is still visible whilst the X-ray beam has sufficient penetration to delineate structures in the denser mediastinum. The high kVp technique has the added advantage of delivering a lower entrance surface dose of radiation to the patient.[15,16] Correct patient positioning is also critical. Patient stands during the examination, so there is a greater chance for positioning error by the radiographer.

Lumbar spine AP radiographs are usually quite straightforward to produce. Patient lies supine on the X-ray table and the only positioning error is rotation of patient. Wrong positioning of the film under the patient is more likely and appropriate areas may therefore be missed. Positioning for the lateral projection of the lumbar spine is more subjected to variation. The exposure is relatively high[17] compared to most plain film examinations as it has to penetrate the widest aspect of the patient for the lower lumbar area but still demonstrate bony detail in the narrower upper regions of the lumbar spine. A significant amount of scattered radiation is produced within the patient during this examination and this can degrade the image unless the beam is correctly collimated specifically to include just the area of interest.

Figure 2 shows the percentages of the main causes in the overall rejected films. This result is consistent with previous studies.[13,18] The reject rate falls considerably[8] when a patient's previous films are available for viewing by the radiographer before the examination is undertaken. This never happens in Ghana as patients take their films away with them, which is likely to be a contributory factor to the high reject rates encountered. It has been suggested that lower repeat rates could be achieved with radiographers who are high level of specialization.[19] The higher reject rates in this present study is related to the fact that the hospitals involved in the study have high workloads (between 50 and 70 examinations/day) and carry out the wide range of examinations. The experience of the radiographer is a key factor,[12] but the current results do not support such assertion since the radiographers involved in this study had been practicing for at least 6 years.

[image: Figure 2]Percentages of the causes in the overall number of films rejected



The technical issues involved in these examinations (chest and lumbar spine) can be overcome with proper and consistent training in radiographic techniques, standardization of protocols, exposure charts and prudent quality control and assurance measures.
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Conclusion

The study has shown that approximately GH¢ 9,032.00 ($6,021) was wasted due to rejection or repeat of 540 radiographic examinations in 1 month and 32.0% of patients had an unnecessary radiograph taken with its attending increased radiation dose to the patients. Chest and lumbar spine examinations constituted the highest (69.0%) of all examinations in hospitals and resulted in high numbers of rejects. The results of this study have indicated that reject analysis is a useful tool in monitoring and improving diagnostic imaging services and could be used to evaluate and monitor prospectively the cost-effectiveness of diagnostic imaging departments. Imaging departments spend heavily on both capital and revenue and must therefore aimed at reducing waste due to repeat examinations.
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Film size Number Cost of film Actualcost  Costin
(em) of rejected per 100 of rejected (5]
films pe (GHe) films (GHg)

18x24 57 76.39 2354 29.03
24x30 153 131.28 200.86 133.91
18x43 136 40.25 54.74 36.49
30x40 59 161.85 95.49 63.66
35x35 69 164.82 113.73 75.82
35x43 66 181.17 119.57 119.57
Total cost of rejected films 627.93 418.62

GH{ — Ghana cedis
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Examination Frequency  Cost pera single Total Costin
examination (GHg) cost (GHg) )

Chest 148 16 2368 1578.66
Abdomen 34 17 578 385.33
Pelvis 44 17 748 498.67
Spine 224 17 3808 2538.66
Skull 90 17 1530 1020

Total 540 9032 602132

Exchange rate — $

5 Ghana cedis at the time of the study; GHE — Ghana cedis
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Causes Frequency Percent
Overexposure only 109 20.2
Underexposure only 175 324
Positioning error only 124 230
Processing error only 28 5.2
Patient movement only 13 24
Artefact only 19 35
High film fog only 39 53
Others 33 8.0
Total 540 100
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Diagnostic Characteristics of the X-ray generator
Ll Type Manufacture  Power  Exposure mode
date rating (kVp)

H1 Siemens 2002 30-150 AEC and manual
H2 Siemens 2002 30-150 AEC and manual
H3 Philips 1997 40-150 AEC and manual
H4 Philips 1998 40-150 AEC and manual
H5 Shimadzu 1992 40-125 Manual

H6 Siemens 2002 30-150 AEC and manual
H7 Philips 1997 40-150 AEC and manual
H8 Philips 1996 40-150 AEC and manual
H9 Philips 2005 40-150 AEC and manual
Hio Siemens. 1999 30-150  AECand manual

AEC — Automatic exposure control
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Hospital Reject rate Overall reject rate (%) per examinations

Chest Lumbar spine Pelvis Abdomen Skull

H1 19.0 124 16.9 16.7 143 143
H2 20.3 14.4 15.7 143 172 138
H3 20.8 14.9 16.5 146 16 121
H4 19.4 14.7 15.5 143 176 135
H5 20.0 125 15.8 143 1677 152
H6 19.0 15.9 15.8 16.7 125 143
H7 18.0 16.3 155 125 167 116
H8 14.6 15.2 15.2 16.7 15.4 10
Ho 20.7 15.1 15.4 154 1. 135

Hio 17.2 143 163 16.7 20 67






