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Abstract 

Medical-related radiation is the largest source of controllable radiation exposure to humans 

and it accounts for more than 95% of radiation exposure from man-made sources. Few data 

were available  worldwide regarding patient and staff dose during urological ascending 

urethrography (ASU) procedure. The purposes of this study are to measure patient and staff 

entrance surface air kerma dose (ESAK) during ASU procedure and  evaluate the effective 

doses. A total of 243 patients and 145 staff (Urologist)were examined in three Hospitals in 

Khartoum state. ESAKs were measured for patient and staff  using thermoluminancent 

detectors (TLDs). Effective doses (E) were calculated using published conversion factors and 

methods recommended by the national Radiological Protection Board (NRPB).  The mean 

ESAK dose for patients and staff  dose were 7.79±6.7 mGy  and 0.161± 0.30 mGy per 

procedures respectively. The mean and range of the effective dose was 1.21 mSv per 

procedure.  The radiation dose in this study  is comparable with previous studies except 

Hospital C. It is obvious that high patient and staff exposure is due to the lack of experience 

and protective equipments. Interventional procedures remain operator dependent; therefore, 

continuous training is crucial.  
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1. INTRODUCTION 

Exposure to radiation for medical purposes is the largest source of artificial  radiation 

exposure to humans and it accounts for more than 95% of radiation exposure from man-made 

sources [NCRP 160, 2009].  The frequency of the interventional radiology procedures was 

increase rapidly over recent years is due to the significant benefits of the interventional 

radiology compared to surgery or other invasive interventions [ICRP 2011]. Ascending 

urethogram (ASU) procedure is a radiologic imaging technique used for the evaluation of the 

male genitourinary system disorders [Martinez-Pineiro et al., 2010]. ASU procedure is 

directly expose the patients to significant radiation dose from fluoroscopic and radiographic 

exposures in testicles which are radiosensitive organs. Due to the increased use of radiation 

during ASU procedure, protection of patients from ionizing radiation is becoming 

increasingly important. With such usage, there is a need for adopting dose management 

techniques without compromising on image quality and clinical purpose. Although, 

measurement  of the radiation exposure to patients and staff is recommended, nevertheless, 

there are only two study published regarding the radiation doses received by the patients 

[Sandilos et al., 2006, Sulieman et al., 2015].  An average patient doses of 6.0 Gy.cm
2
 which 

correspond an effective dose of 1.3 mSv  and 0.64 mSv were reported by Sandilos et al 

[2006] and Sulieman et al.,2015], respectively.  These are the only studies that reported the 

patient dose values to ASU procedure, to our Knowledge. Although, this radiographic 

procedures is justified due to its benefit in the diagnosis of disease, patients must be protected 

from unnecessary radiation exposure to reduce the avoidable radiation risks because the 

magnitude of risk from radiation is dose-related effect [ICRP 2007]. The International 

Commission on Radiological Protection (ICRP) [ICRP 2011]  reported that there is a lack of 

radiological protection training of workers using fluoroscopy outside imaging departments 

which can increase the radiation enduced effects to staff and patients. Therefore the aim of 

this research is to measure the entrance surface air kerma dose (ESAKs) for some patients  

and urologist undergoing ASU  in three hospitals in Sudan and to compare the obtained 

ESAKs values with the international standards and to provide recent knowledge of exposure 

levels for patients and staff. 
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2. MATERIALS AND METHODS 

2.1 Thermoluminance dosimetrs(TLD) 

The ESAK was measured using circular thermoluminance detector (TLD) wich was 

acylindrical (GR200A) TLD chips manufactured by FIMEL, France. TLD calibration was 

according to international protocols for the range of energies used in the study in order to 

determine their response and their individual calibration factor [Sulieman et al., 2007, Martin 

et al., 1998].  The irradiated chips were read out using automatic TLD reader FIMEL PCL3 

(France). The read out was at a 55 0C preheat temperature and the signal was acquired from 

55 0C to 260 0C with heating rate of 11 0C/s. All TLDs were annealed in annealing oven 

(TLDO, PTW, Freiburg, Germany) at 240ºc for 10 min, followed by fast cooling by opening 

the oven door. A total of 50 TLD chips were packed in plastic bags in three numbered 

positions. These plastic bags were attached to the centre of the field at the surface of entry of 

radiation for the patients.  ESAK was used to estimate the organ equivalent dose (H) using 

software provided by the National Radiological Protection Board (NRPB) [Hart et al., 1998].  

Effective dose (E, mSv) is a quantity that has been introduced to give an indication of risk 

from partial or non-uniform exposure to risk from an equivalent body exposure. 

E is given by the following equation (ICRP  2007): 

.
TT

T

E w H  

Where HT is the equivalent dose to tissue T and wT is the weighting factor representing the 

relative radiation sensitivity of tissue T. 

 

2.2 X-ray Machine 

This study was conducted at three radiology department. ASU procedures were performed 

using three X ray machines equipped with an overcouch X-ray tube as illustrated in Table 1. 

The machines had already passed the routine quality control tests performed by Sudan Atomic 

Energy Commission. 
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Table 1. X ray machines 

Hospital Manufacture Installation Filtration 

[mm Al] 

Focal spot 

[mm]  

A Toshiba 2011 2.5 1.2/0.6 

B Siemens 2004 3.5 1.0/0.6 

C Shimandzu 2008 2.5  1.2/0.6 

2.3 Patient dose measurement 

A total of 243 consecutive ASU procedures were evaluated at three urology departments in 

Khartoum, Sudan. The urethrography procedures were performed at Medical Corps Hospital 

(A), Dr. Osman Abdulwahab Clinic (B) and National Ribat University Hospital (C)The Ethics 

and research committee approved the study and a written consent was obtained from all 

patients prior to the procedure. TLDs were packed on a thin envelope made of transparent 

plastic foil. During the procedure the TLDs were kept in the required positions and were stuck 

in place with adhesive tape. The urologists were performing the procedures as their daily 

practice. The following parameter were recorded age, weight, height, body mass index (BMI) 

derived from weight (kg)/ (height (m))
2
 in addition to the exposure factors (tube voltage 

(kVp) and tube current –time product (mAs). 

2.4 Staff dose measurement        

Three urologist performed all the procedures. The radiation dose was monitored outside the 

lead apron at chest level.  The examiner used a 0.5 mm lead equivalent thickness, frontal 

protection (Rheix-srl, Milan, Italy).   Neither a protective eyeglass nor thyroid collar were 

worn by either of the urologists. 

3. RESULTS 

           A total of 243 patients were investigated. The mean age and range for all patients was 45.7(15-

86) as presented in Table 2. The mean and range of BMI of the patients were 22.2(13.7-36.4) 

kg.m
-2

. Patients characteristics were comparable in terms of  age and BMI.  The mean 

exposure factors, number of films and fluoroscopic time (min), for all groups are shown in 
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Table 3. The patient exposure factors are higher in Group A compared to Group B and C 

while the number of films are higher in hospital C, which translated to a higher radiation dose 

compared to other two groups.  The measured patients' doses in terms of ESAK (mGy) values 

for all patients groups are shown in Table 4. The results of patient dose show asymmetry in 

the dose distribution. Therefore, the parameter of central tendency is preferred. The mean 

exposure factors, number of films and fluoroscopic time (min), ESAK and effective doses for 

all procedures are shown in Table 4. Patient is exposed to a high radiation dose in hospital C 

compared to other two hospitals A and B. There is differences in each hospital in terms of  

patient dose which may partly be due type of procedure patient pathology. The urologist doses 

(mGy) per procedure for all groups are presented in Table 4. The staff  is exposed to low 

doses compared to other interventional procedures. 

Table 2. Patient body characteristics  

Department No of 

patients 

Age 

[year] 

BMI 

[kg/m²] 

A 210 44.47(15-82) 22.4(13.7-36.4) 

B 18 46.3(21-75) 21.7(16.1-27.6) 

C 15 63.86(32-86) 19.8(16.6-24.86) 

All 243 45.7(15-86) 22.2(13.7-36.4) 

 

Table 3. Exposure factors and parameters for x-ray machine 

Center Tube voltage 

[kVp] 

Tube current-

time product 

[mAs] 

Source skin 

distance 

[SSD] 

No of film Fluorsocopic 

time [min] 

A 91.2 

(80-99) 

15.6 

(10-32) 

91.1 

(78-100) 

4.8 

(2-8) 

1.1 

(0.1-2.7) 

B 73.8 

(69-77.3) 

34.7 

(26-45) 

95 

(80-100) 

3.4 

(3-5) 

1.4 

(0.4-2.5) 

C 76.58 

(67.9-8) 

51.2 

(36.9-69) 

87.6 

(80-95) 

7.3 

(6-9) 

1.8 

(1-2.7) 

All 89 

(67.9-99) 

19.3 

(10-69) 

91.9 

(78-100) 

4.8 

(2-9) 

1.1 

(0.1-2.7) 
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4. DISCUSSION 

The mean patient ESAK per procedure was found to be 12.3±6.7 mGy for all patients. 

Patients dose showed wide variation per hospital.  These variations are attributed to patient 

BMI and complexity of the lesion, exposure factors such as tube voltage, tube current-time 

product (mAs),  fluoroscopy mode (continuous or pulsed). It is important to underline that the 

patient morphology (height, weight and BMI) is one of the major a contributing factors to be 

considered in the presence of high radiation doses, since the beam attenuation is related to the 

increase in the patient's BMI. The mean patients doses for Hospital C is  almost two times 

higher compared to the hospital A and B (Table 4). Patient doses showed wide variation even 

at the same hospital (Table 4) This can be attributed to the high number of films and 

fluorsocpic exposure, which also two times higher to than the values in other aforementioned 

hospitals (Table 3). The main factors affecting patients dose in urethrography procedures are: 

exposure factors, filtration, source to surface distance (SSD), collimation, pathology and 

patient size. Comparable values between the three patients groups were noticed in terms of 

height, weight, BMI and number of radiographic and fluoroscopic images. Therefore, 

optimisation of screening time and reduction of the number of films will reduce the radiation 

dose significantly since it contributes most of the radiation dose. In addition, selection of low 

dose fluoroscopic mode also reduces the radiation dose. As expected in interventional 

radiology procedures, no correlation was found between ESAK and patient weight and BMI 

and exposure factors.  Patients doses depend on the clinical indications and operator skills 

[ICRP 2011].  Although the mean dose values showed wide variation, but the maximum doses 

for all group are comparable. The maximum dose for all procedures is 32.25 mGy , no 

radiation induced effect is expected even with multiple procedures.  [ICRP2007]. However 

care should be taken since the cancer and gentic effects has no threshold to occur. The risk is 

increased with the amount of exposure, with repeated exposures, and when the patient is 

young. Therefore, these results also suggest that there is a need to adopt standard protocol for 

the urethrography procedures in each hospital as preliminarily step to establish the required 

dose reference level (DRL) in Sudan. Medical radiation exposure exposes the patient to a 

htereogeneous doses to body organs and tissues which translated tov different probabilities of 

cancer or tissue reactions. Effective doses were assessed from the ESAK value using the 

NRPB software [Hart et al., 1998]. The mean value of the effective dose for all three groups 
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was estimated to be 1.21 mSv. Sandilos et al., [2006] reported a mean efective doses of 1.31 

ASU procedure. A recent study reported that a mean dose value of 0.64 mSv per procedure 

were reportd by Sulieman et al [2015). Therefore, this dose results is well within international 

practice. Since, there is a lack in the literature; further studies are encouraged to improve the 

patient safety. The mean and range of dose to the testicles is 8.16 (0.01-21.4) per procedure, 

which is far below the threshold of transient infertility [ICRP 2007]. Special attention is 

required for children and young adults as children are more radiosensitive than adults because 

of high cell multiplication and have a longer life expectancy than adults, resulting in a larger 

window of opportunity for expressing radiation damage, with a risk for lethal cancer/dose unit 

two to four times higher than for adults [ICRP 2007].The mean and range of dose value for the 

staff at  chest level over the apron were 0.16(0.04-1.74) mGy  per procedure (Table 4). Even 

though the staff dose is low, but this value could be significant in high workload 

circumstances. It is important to emphasize that application of the principle of optimisation 

(image quality assessment with the radiation doses) and basics of radiation protection (shield, 

distance and time) will provide further reduction of radiation dose for both patients and staff 

without affecting the clinical outcome.    

5. CONCLUSIONS 

The radiation dose in this study  is comparable with previous studies except Hospital C. 

Patient doses showed wide variation even at the same hospital .It is obvious that high patient 

and staff exposure is due to the lack of experience and protective equipments. Interventional 

procedures remain operator dependent; therefore, continuous training is crucial. The results 

also suggest that there is a need to adopt standard protocol for the urethrography procedures in 

each hospital as preliminarily step to establish the required dose reference level (DRL) in 

Sudan. 
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