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Abstract 

The objectives of this work are to measure the entrance surface air kerma (ESAK) and the 

effective doses for pediatric patients undergoing MCU. The study was carried out in five 

hospitals in Khartoum. The ESAK was determined by using calibrated thermoluminescent 

dosimeters (TLD- GR 200 A) for 167 pediatric patients. Patients' populations were 

categorized into three groups in accordance with their ages (0-5 year (group 1), 6-10 years 

(group 2) and 11-15 years (group 3)). The mean ESAK± sd and range (mGy) resulting from 

MCU procedure has been estimated to be 2.2±0.5 (0.8-9.2), 2.48±0.6 (0.9-8.1) and 3.90±0.6 

(1.1-10.3)   for first, second and third age groups, respectively. The mean effective dose was 

between 0.03 to 0.4 mSv per procedure for all pediatric population. The number of films 

ranged between 2.0 to 11.0 per procedure. The radiation dose to the patients is comparable 

with previous studies in all hospitals.  Pediatric patients were exposed to avoidable radiation 

dose because no gonad shields were used.   
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1. INTRODUCTION 

Pediatric urological examinations expose the pediatric patients to a significantly high 

radiation dose compared to other conventional examinations [Radmayr 2008]. The 

main clinical indication for urological investigations is urinary tract infection (UTI).  

The overall prevalence of UTI is approximately 7% in infants and young children but 

varies depending on age, race or ethnicity, sex, and circumcision status [Shaikh et al., 

2008]. It has been estimated that the incidence of vesicoureteral reflux (VUR) in 

children without UTI, 1% whereas in children with UTI this percentage rises to 52% 

[EC 1996; Sargent 2000]. UTI is a common and important clinical problem in 

childhood which may lead to serious complications such as renal scarring, 

hypertension, and end-stage renal disease [Hoberman et al., 2008]. Micturating 

cystourethrography (MCU) is the method of assessing the lower urinary tract and it 

accounts 40% of all fluoroscopic procedures performed on children in Europe 

[Schneider et al., 2001]. It is particularly valuable for the assessment of VUR or the 

retrograde flow of urine from the bladder into the kidneys, which is a common 

abnormality found in children with UTI and may cause renal damage. Therefore, 

accurate diagnosis of  VUR in early stage is  imperative to avoid kidney impairment. 

Imaging procedures are the basis of diagnosis and management of VUR. The standard 

imaging procedures include renal and bladder ultrasonography, radionuclide 

cystography and MCU. However, MCU involves radiation dose to the pediatric 

patients during the examination. Radiation is carcinogenic and that pediatrics are 

more sensitive than adults having a risk of developing a radiation-induced cancer, 

gentic and non cancer effects three to five times compared with an adult exposed to 

the same radiation dose. This can be attributed to their greater cell proliferation rate 
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and long life span expectancy which means a greater potential for manifestation of 

possible harmful effects of radiation [ICRP 2007; UNSCEAR 2008]. However, the 

risk per imaging procedure is small compared to the benefit if the radiation is used 

appropriately. Pediatrics patients may receive a higher radiation dose than necessary if 

exposure factors are not well adjusted to the patient size.  The frequency of medical 

imaging examinations performed in pediatrics and children worldwide continues to 

increase. Recently, Lint et al., [2012] reported an increase in medical radiation 

exposure to the US population by almost 600% since 1980.  Due to the growing 

concern on radiation exposures to pediatric patients, several studies have been 

published worldwide in patient radiation during MCU procedures [Travassos  et 

al.,2009; Sulieman et al., 2007; Ward 2006; Perisinakis et al., 2006; Ward et al.,2008; 

Sulieman et al., 2011; Livingstone et al;2008; Fefferman  2009].  The mean dose 

value reported in literature range between 1.13 mGy up to 321.2 mGy per procedure 

[Travassos  et al.,2009; Sulieman et al., 2007; Ward 2006; Perisinakis et al., 2006; 

Ward et al.,2008; Sulieman et al., 2011]. These differences suggest that pediatric 

patients are exposed to excessive radiation. In addition to that, due to the continuous 

replacement of screen film radiography (SFR) by digital radiography (DR), some of 

the available data on patient exposure values are generally outdated [Sulieman et al., 

2011].  Therefore, measurement of pediatric patient's doses during this procedure is 

important in order to evaluate the current practice.  The objectives of this study are to 

determine the Entrance surface air kerma (ESAK), and effective dose (E) for pediatric 

patients undergoing MCU procedures. 
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2. MATERIALS AND METHODS 

  2.1. X-ray equipment  

A total of five X-ray equipment were used in this study installed in five hospitals as 

illustrated in the Table 1. All pediatric patients' were referred to radiology department 

for urinary tract infection in order to detect and grade VUR. The MCU procedures 

were carried out at the following hospitals: (A) Soba University hospital, (B) Fedail 

Specialized Hospital, (C) Ibn Al-Haytham Medical Specialist Center, (D) Ibn Sena 

Hospital  and (E) National Ribat University Hospital. All X-ray equipment was 

routinely tested to certify its compliance with the requirements set by the Sudan 

Atomic Energy Commission (SAEC). 

Table 1:X ray  equipment 

Hospital  Manufacturer  Imaging 

receptor 

Manufact

uring Date  

Type  Total 

Filtration 

(mmAl) 

Maximum 

tube voltage 

(kVp)   

Maximum 

tube current 

(mA) 

Installation 

date  

A  Toshiba  CR,II Feb 2003  Fixed  2.5 150  640  2004  

B  Toshiba  CR,II Feb 2003  Fixed  2.5 150  300  2010  

C  Toshiba  SFR Feb 2003  Mobile  2.5 150  300  2004  

D  Shimadzu  SFR Nov 2009  fixed  3.5 150  800  2010  

E  Shimadzu  CR,II Nov 2009  Fixed  3.5 150  800  2010  

 

2.2. Thermoluinescent dosimeters (TLD)  

The dosimeters used in this work are the (TLD) TLD-GR-200 A) with physical size 

4.5 mm in diameter and 0.80 mm in thickness. Circular TLD chips (GR 200 A, (LiF: 

Mg, Cu, P)) are high sensitivity tissue equivalent with  effective atomic number 8.2, 

and linear dose range from ~10
-7

 Gy  to 12 Gy  and minimum detection limit of ~10
-7
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[Shen et al., 2002]. These characteristics make them appropriate for patient dosimetry 

in radiographic examination. TLD were calibrated using Toshiba Rotande model (T6-

6TL-6) against ionization chamber (PTW.CONNY ΙΙ) connected to radiation monitor 

controller at 100 cm SSD, 75 kVp and 20 mAs. Both the chamber and electrometer 

were calibrated for the energy ranges 30 kVp-120 kVp at the national standard 

laboratory. A Perspex calibration test bed with dimensions of 25x25x10cm
3 

was sued 

for TLD irradiation. Each TLD was identified by its position in the array. Individual 

calibration factors were obtained by irradiating the entire group to the same dose. The 

measured signal of each TLD obtained by the reader was divided by the mean signal 

of the group this process was repeated three times to calculate the average accurately.  

Radiation dose (D) was calculated using equation 1: 

                 

.
m

s

s

ECC
D TL

TL
D



                                                                                      (1) 

where TLm is the measured TLD signal in nano-coulomb units (nC), ECC is the 

element correction coefficient, and TLs and Ds are the TLD signal and IC  reading 

after irradiation to equal dose simultaneously (standard dose). 

The TLD signal was read using an automatic TLD reader (Fimel PCL3, France) in an 

atmosphere of inert nitrogen. The TLD chips are placed on one of the interchangeable 

planchets for contact heating. The background reading was subtracted before starting 

each measurement. Time –temperature profile (TTP) which divided in two stages: (i) 

Pre-heat (pre-readout): is done by heating to 155 
0
C

 
to ensure consistency of the 

reading, and to remove unwanted peaks.(ii) Acquisition: the signal is acquired up to 

260 
0
C with heating rate 11

0
C/s to get the glow curve. Prior to each irradiation, all 



ISSSD 2015 
September 26-30, 2015 

Leon, Gto. Mexico 

496 

 

dosimeters were annealed (as recommended by the manufacturer) in annealing oven 

(TLDO, PTW, Freiburg, Germany), with temperature accuracy better than 1% is used 

to anneal the detectors at 240 ˚c for 10 minutes. A built-in fan is used to ensure 

homogeneous heat circulation all over the oven volume. The standard oven is 

supplied with computer software (THELDO), which makes it possible to program any 

temperature profile based on both basic temperature cycles. Based on calibration 

process, the uncertainty of the measurement was estimated to be 9% . 

2.3 Patient dose measurement 

A total of 167 pediatric patients were examined. Due to massive variation in patient 

size over age range, patients' populations were categorized into three groups in 

accordance with their ages:  group 1(0-5 year, group 2 (6-10 years) and group 3(11-15 

years). Data were presented according to the hospital/ X ray machine. The ethics and 

research committee approved the study and an informed consent was obtained from 

the parent of all pediatrics patients prior to the procedure. ESAK was directly 

measured using 3 TLD placed on the patients’ skin surface at the center of the 

radiation field size using white polyethylene plastic foil. During the procedure the 

TLD chips were kept in the required position and were fixed in place with sellotape. 

The data recorded for all procedures included: patient body characteristics (age, sex, 

height, weight and body mass index (BMI=weight/height
2
)), tube voltage (kVp), tube 

load (mAs), and fluoroscopic data: tube voltages, tube current (mA), total screening 

time and clinical indication. Effective dose estimation was made using computer 

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

1996]. 
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2.4. Imaging procedure 

MCU procedures were performed in each department according to their routine 

practice without any interference from the researchers. Prior to imaging procedure, 

catheterization was performed under strict aseptic conditions. Afterwards, intermittent 

fluoroscopy and radiographic images were obtained during voiding to detect VUR or 

other abnormalities. Radiographic images were taken during the following stages: 

before contrast administration (scout), full bladder views, urethra while voiding and 

post void radiograph of the bladder and kidneys. Additional radiographs may be taken 

when an abnormality is discovered or for staging of VUR. Obtaining a second voiding 

cycle might be necessary to detect VUR since it may occur intermittently and there-

fore may not occur on a single void.  

2.5. Effective dose estimation 

ESAK was used to estimate the organ equivalent dose (H) using software provided by 

the NRPB [Hart et al., 1996]. Effective dose is given by equation 2[ICRP 2007]: 

                  

.
TT

T

E w H
                                                           (2) 

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

representing the relative radiation sensitivity of tissue T. 

 

3. RESULTS 

 Table 2 shows the mean and range of pediatric patients' weight (kg), height (m) and 

BMI (kg/m
2
) classified according to age group. The examined population in the 5 
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hospitals is not comparable for all patients group in terms of weight, height and BMI 

even for the same age group.  For example, patients group are comparable in terms of 

BMI in hospital C (17.1 kg/m
2
 and 15.2 kg/m

2
) and D (17.1 kg/m

2
 and 15.5 kg/m

2
) for 

group 1 and 2, respectively.  Pediatric patients' population in hospital C for group 3 

are 17% higher compared to hospital E. In terms of weight, in group 1, in hospitals C 

(12.5 kg) and D (13.8 kg) is almost double that A (7.1 kg), B (7.9 kg) and E (6.1 kg). 

Pediatric patients' demographic parameters showed wide variations. According to this 

variation between the patients groups it terms of weight and BMI, differences, 

differences in ESAK is expected. Table 3 presents the image acquisition parameters 

(tube voltage (kVp(tube current time product (mAs) and fluoroscopic time (min)), 

number of films, and patient ESAK and effective dose (mSv) per MCU procedure. 

Patient dose values showed wide variation between different hospitals and different X 

ray equipment. Pediatric patients' ESAK values in hospital C and D are higher 

compared to other hospitals because MCU procedures were performed without 

fluoroscopic guidance. In addition to that, these patients in group 2 and 3 have higher 

BMIs. 
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Table 2. Patients demographic data 

E D C B A Patient 

group 

No. of 

patient 

Hospital  

32 32 35 34 34 167 Total No of 

patient  

1.1 

(0.6-1.6) 

1.2 

(0.8-1.3) 

1.0 

(0.9-1.4) 

0.7 

(0.5-1.1) 

1.0 

(0.9-1.4) 

1.3 

(0.8-1.4) 

0.9 

(0.6-1.3) 

1.2 

(0.6-1.3) 

1.4 

(1.3-1.5) 

0.7 

(0.4-1.2) 

1.1 

(0.7-1.3) 

1.3 

(1.1-1.4) 

0.7 

( 0.4- 1.2) 

1.1 

(0.9-1.3) 

1.4 

(1.2-1.4) 

1 

 

2 

 

3 

60 

 

54 

 

53 

Height 

(m) 

6.1  

 (3.2-10.1) 

27.2                     

(19.1-29.0)         

31.3                      

(27.1-39.4) 

13.8                     

(1.1-29.2)           

25.2                       

(22-28)                        

34.6                     

(32-40) 

12.5                   

(5.2-26.8)             

25.2                           

(12.0-28.1)              

34.6                   

(32.3-40.1) 

7.9                         

(3.5-16.5)                 

17. 5                     

(12.4-45.1)              

28.7                       

(22.3-47.4) 

7.1                   

(3.5- 13.5)       

16.5                      

( 12.0-22.2)            

30.2                      

( 23.4- 47.5) 

1 

2 

3 

60 

54 

53 

Weight 

(kg) 

17.1 

(14.3-22.6) 

15.2 

(12.7-21.3) 

17.4 

(15.3-22.3) 

15.4 

(11.2-23.1) 

18.2 

(15.7-22.7) 

19.1 

(16.4-23.5) 

17.0 

(14.4-22.8) 

15.5 

(18.8-20.5) 

20.4 

(18.9-22.4) 

18.1 

(11.5-24.2) 

12.1 

(17.3-26.7) 

16.5 

(17.2-24.2) 

14.5 

( 9.4-21.9) 

13.3 

( 13.9- 15.0) 

15.9 

(15.4-23.3) 

 

1 

2 

3 

60 

64 

53 

BMI (kg/m
2
) 
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Table 4. The mean patient parameters, screening time, number of radiographic images, ESAK and 

effective dose in various studies (range is in parenthesis). 

Country n Age 

(year) 

BMI 

(Kg/m
2
) 

Screening 

time 

(Minutes) 

No. of 

Radiographic 

images 

ESAK 

(mGy) 

Effective dose 

(mSv) 

Present study 167 (0.0-15) 9.4-24.2)) 0.8-9.7)) 2-11)) 0.4-10.3)) 0.03-0.4)) 

Sulieman et al., 

[2011] 

33 0.0-4.2)) 13.40 2.8 5 5.51 0.22 

Suleiman et al., 

[2007] 

52 (0.02-2) 15.35 

 

0.75 1.18 1.13 0.20 

Perisinaks et al., 

[2006] 

19 0.0-1.0 16.9 0.73 6.3 NR 0.12–1.67 

Travassos et al., 37 0.0-3.0 18.8 8.5 11 113.5 NR 

Table 3.  Radiographic image acquisition parameters and patients ESAK and effective doses (range is in 

parenthesis). 
E D C B A Patient 

group 

Hospital  

58.8  (49.6-64) 

66.6  (60-74) 

74.9 (68-80) 

60.5  (55-65) 

64.2  (60-65) 

66.0  (65-67) 

63.2 (55-76) 

67.8 (60-77) 

68.85 (65-78) 

57.1 (48-66) 

61.2 (54-72) 

66.3 (52-77) 

53.0  (42.4-62) 

56.0   (52-62.3) 

64.0   (60-72) 

1 

2 

3 

Tube voltage 

5.7  (4-8) 

7.9  (7-9.4) 

12.9  (8-20) 

11.8  (10-14) 

14.0  (12-16) 

15.5  (12-18) 

10.8 (8-14) 

12.5 (10-16) 

14.4  (12-16) 

8.3 (4-14) 

10.7 (6-14) 

12.6 (6-24) 

6.3  (4-10) 

8.2  (7-10) 

13.0   (8-20) 

1 

2 

3 

Tube current –

time product 

(mAs) 

4.8 (0.8-6.2) 

2.9 (1.1-4.6) 

3.1 (1.4-8.2) 

 

NA NA 3.65 (1.4-9.7) 

3.4  (1.3-6.7) 

2.7 (1.2-7.4) 

 

4.2 (2.2-9.7) 

3.3  (0.8-7.1) 

2.5  (0.9-4.7) 

 

1 

2 

3 

Fluoroscopic time 

(min) 

5.5  (2-8) 

5.0  (3-9) 

4.0  (3-6) 

5.6  (4-9) 

7.5  (4-11) 

6. 1  (3-8) 

6.0  (5-8) 

7.0  (4-9) 

6.0  (4-9) 

 

4.7  (2-7)   

5.0  (4-6) 

4.8  (3-6) 

  

5.8   (5 -7) 

5.7  ( 4 -7) 

5. 3  (3-6) 

1 

2 

3 

No. of image 

1.5  (0.8-7.8) 

1.6.0 (0.9-8.0) 

4.8  (2.3-8.2) 

3.7 (0.4-9.2)       

2.1  (0.8-8.1)       

3.2  (2.0-10.3)                                           

2.1±0.38(1.2-

6.1)  

3.4±0.4(2.2-7.4) 

4.6±0.4(1.9-8.1)                                                                                                                          

1.9  (1.3-4.1) 

2.6  (3.4-4.5)   

3.8   (2.1-8.2) 

1.8   (0.8-  3.6) 

2.7   (0.9-5.0) 

3.1   (1.1-6.8) 

1 

2 

3 

ESAK(mGy) 

0.1  (0.03-0.3) 

0.1  (0.04-0.3) 

0.2  (0.1-0.3) 

0.2  (0.02-0.4)     

0.1  (0.03-0.3)   

0.13  (0.1-0.4) 

0.1  (0.05-0.2)  

0.1  (0.1-0.3)    

0.2  (0.1-0.3)                                                                                             

0.1   (0.5-0.2) 

0.2   (0.1-0.2)   

0.2   (0.1-0.3) 

0.1   (0.03-0.15) 

0.1   (0.04-0.2) 

0.1   (0.1-0.3) 

1 

2 

3 

Effective dose  

(mSv) 
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[2009] 

 

 

4. DISCUSSION 

The patient height, weight and BMI are useful parameters during radiographic 

imaging. This information helps technologists adjusting exposure parameters to 

reduce radiation exposure. Table 2 showed noticeable variation between some groups 

and comparable values for certain groups according to the hospital, in terms of weight 

and BMI. Furthermore, the patient weight and height are comparable with previous 

published studies [UNSCEAR 2008; Travassos  et al.,2009; Sulieman et al., 2007; 

Ward 2006; Perisinakis et al., 2006; Ward et al.,2008; Sulieman et al., 2011; 

Livingstone et al;2008].  Table 3 showed that the exposure factors for all patients 

were comparable to exposure factors reported in previous studies [Travassos  et 

al.,2009; Sulieman et al., 2007; Ward 2006; Perisinakis et al., 2006; Ward et al.,2008; 

Sulieman et al., 2011]. The mean ESAK± sd and range (mGy) resulting from MCU 

procedure has been estimated to be 2.2±0.5 (0.8-9.2), 2.48±0.6 (0.9-8.1) and 3.90±0.6 

(1.1-10.3)   for first, second and third age group, respectively. The mean effective 

dose was ranged between 0.03 to 0.4 mSv per procedure for all pediatric patients' 

population. Table 3 showed that pediatric patients were exposed to wide range of 

radiation doses for all patients groups. The mean ESAK in hospital D (3.7 mGy) was 

2.5 higher compared to hospital E (1.5 mGy) for group 1 while the mean ESAK in 

hospital C (3.4 mGy) was two times higher compared to hospital E (1.6 mGy) for 

group 2.  Regarding group 3, the mean ESAK (mGy) in hospitals C and E are 4.6 

mGy and 4.8 mGy, in that order. ESAK increases with age as illustrated in Figure 1.  

javascript:void(0);
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In all cases the radiation dose for group 3 is higher compared to group 1 and 2, expect 

hospital D. The ESAK in hospital D for group 1 is higher than group 2 (Figure 1). 

This can be attributed to fact that the radiation field size used during radiographic and 

fluoroscopic imaging is larger than other groups and thus increasing in the pediatric 

patients dose (Table 3). Furthermore, pediatric patient weight increases with the age 

for the majority of pediatric patients group. 

 

 

Figure 1: ESAK dose (mGy) during MCU procedure in the different hospitals 

 

Patient ESAK is directly proportional to x-ray tube current and time product, if other 

factors were held constant. In general, optimum selection of exposure factors based on 

size or weight, and the use of sufficient filtration may reduce the patient doses at the 

same time as maintaining diagnostic image quality. Smaller filed size is limiting the 

organs and tissues that receive radiation, a smaller area of the patient’s tissue is 

exposed, thus reducing pediatric patient dose. In addition to that, restrict field size is 

important in pediatric radiology because of closer proximity of the sensitive organs, 

resulting in a higher radiation dose per procedure than may be the case with adults 
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patients [McDonald et al., 1996]. In this study, a weak correlation was detected 

between ESAK and exposure parameters (r
2
=0.32). The dose was more likely 

dependent on the presence of pathology or abnormality, because more radiographic 

images and fluoroscopic exposure are required to document and detect the VUR. A 

dose variation up to 30% was reported between patients with normal findings and 

with VUR [Sulieman et al., 2007]. Patient size and imaging detector adjustments are 

also very important parameters that affect patient dose. Fluoroscopic screening time 

for three hospitals was presented in Table 3.  The mean value of fluoroscopic time and 

number of images are independent of patient age. Patients’ ESAK in hospitals D and 

C were higher compared to those in other hospitals for group 1 and group 2, 

receptively (Figure 1). This can be attributed to the high exposure factors used in 

these SFR systems compared to other CR systems in other hospitals. Furthermore, in 

both hospitals, the MCU procedure was performed used without fluoroscopic 

guidance with higher number of radiographic images (Table 3). Patients’ ESAK in 

hospitals E was higher compared to those in other hospitals for group 3. This can be 

attributed to the long fluoroscopic time compared to other fluoroscopic systems. For 

all pediatric patients groups, the inter-patient dose discrepancy showed wide variation. 

The difference between minimum and maximum ESAK per procedure values varied 

up to a factor of 10. The same findings have been reported in the previous studies 

(Travassos  et al.,2009; Sulieman et al., 2007; Ward 2006; Perisinakis et al., 2006; 

Ward et al.,2008; Sulieman et al., 2011; Livingstone et al;2008; Fefferman  2009). 

These dose variations can be attributed to the operator selection of exposure factors, 

patient characteristics and equipment related factors. ESAK variations between 

different hospitals were due to differences in radiographic equipment, processing 
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conditions (SFR, CR) or fluoroscopic mode used. Different hospitals showed different 

screening time and number of radiographic images suggesting that screening time 

may depend on patient clinical indication and staff experience. In this study, MCU 

procedures were performed by radiography technologist in hospital A, B and C while 

performed in Hospital D and E by fellows without any written protocols.  As 

expected, operators acquired more radiographic images in Hospital C and D because 

they are working without fluoroscopic guidance. The number of radiological views 

depends on the technique used at various radiological centers. Pediatric ESAK were 

comparable with previous studies presented in Table 4 except the study published by 

Travassos et al., [2009], whom reported a ten to fifteen times higher mean radiation 

doses compared to other studies illustrated at the same Table. The authors attributed 

this high dose to the lack of training on X ray equipment, uniformity of the 

radiographic imaging techniques employed and lack of experience in the field. The 

mean effective dose assessed in this study is within the range reported in the literature 

(0.2–1.7 mSv). It is important to note that considerable dissimilarity was observed 

among patient populations in terms of radiation dose, and fluoroscopic time (Tables 

4). The variation in ESAK vales is due to pathology and patient characteristics. Other 

factors related to the operators such as unsuitable exposure factors or lack of 

experience. Gonad shields are essential for pelvic imaging for males according to 

European Union guidelines [EC 1996] because radiation exposure to the testicles can 

cause hereditary effect [ICRP 2007]. In literature, a reduction in gonad doses up to 

95% and the dose to the ovaries by about 50% by using gonad shield. The lower level 

of female's protection is attributed to the large spread in the position of the ovaries 

[ICRP 1982]. The use of gonad protection some drawbacks because very difficult to 
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place it correctly, leading to impairment of diagnostic findings and increase in 

exposure due to the need for procedure repetition [Parelli 1996]. Furthermore, if AEC 

is used, and the gonad shield is in the radiation field, exposure controls will increase 

the radiation exposure to the maximum [Galloy et al., 2008] .However, in this study; 

no gonad shielding was used in all hospital. In literature, many attempts were done in 

order to reduce the radiation dose during MCU procedures for pediatric patients. The 

mean ESAK in this study is for CR and SFR systems. However, new DR systems 

have capability of dose reduction, as reported in literature. In this context, Sulieman et 

al [2007] reported that, MCU with digital equipment and fluoroscopy-captured image 

technique could reduce the dose to a patient up to 50%.  Fefferman et al [17] also 

reported that fluoroscopically captured images are adequate in documenting absence 

of VUR on VCUG examinations, obviating the need for radiographic spot images and 

resulting in reduction in radiation exposure. Ward et al., [2008] reported that, grid-

controlled variable-rate pulsed fluoroscopy (GCPFL) reduce the radiation dose to a 

patient at least eight times lower than continuous fluoroscopy (CFL) during MCU 

procedure. However, recent studies [Galloy et al., 2008, Kis et al 2010; Papadopoulou  

et al., 2009; Giordano et al., 2007] reported that the used of contrast-enhanced 

voiding urosonography (VUS) demonstrated acceptable results in detection and 

evaluation of VUR when a second-generation contrast agent is used without the need 

for patient catheterization or administration of radioactive materials as in RNC. Thus 

VUS can be used as an alternative radiation-free imaging method in the diagnosis of 

VUR.  

 

 

https://www.google.it/search?tbo=p&tbm=bks&q=inauthor:%22Robert+J.+Parelli%22
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fefferman%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=19727697
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5. CONCLUSIONS 

The dose delivered to the patient in MCU fell within the range of the most of previous 

studies and pediatric patients are protected in light of the current practice.  The 

difference could be due to imaging protocols, equipment characteristics (filtration, 

image receptors (CR or SFR) and detector type in DR system)) and the number of 

radiographic images per MCU examination. Wide dose difference between ESAK 

suggests that optimization is not fulfilled yet. Undergoing MCU procedure without 

fluoroscopic guidance will increase patient doses. 
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