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 Abstract-Introduction: The purpose of this study is to 
determine entrance skin dose (ESD) from fluoroscopy and 
radiography procedures in voiding cystourethrography (VCUG) 
studies of pediatric patients by dose-area product (DAP) 
recording. 

Methods: Radiation doses received by 70 patients underwent 
VCUG procedures were determined by the DAP Meter, 
Wellhöfer Dosimetrie GmbH, Germany) directly coupled to the 
x-ray tube window (Philips Omni Diagnost Eleva) and an 
electrometer connected to a computer for data collection. The 
study revealed the radiation dose for VCUG and the baseline 
data on the entrance skin dose, ESD, dose area-product (DAP) 
and the effective dose, E, to establish local reference dose levels 
for VCUG in pediatric patients.  

Results: The mean(minimum-maximum) ESD, DAP  and the 
effective dose of pediatric patients in 4 age ranges were 3.41(1-9) 
mGy, 46.58 (21.90-158.90) cGycm2 and 0.10(0.05-0.33) mSv for 0-
1 years, 6.80(2-16)  mGy, 115.55 (20.70-258.70)cGycm2 and 
0.24(0.04-0.54)  mSv for >1-5 years, 11.76 (3-23) mGy, 292.28 
(88.90-593.50)cGycm2 and 0.61(0.19-1.25) mSv for >5-10 years, 
and 20.50(10-42)  mGy, 575.98(255.60-1247.80) cGycm2 and 
1.12(0.54-2.62) mSv for >10-15 years respectively. 

Discussion: The dose levels for VCUG as recommended by the 
national reference doses (NRDs) of UK are classified at patient 
age of 0-1 years, 90 cGy.cm2, >1-5 years, 110 cGy.cm2, >5-10 
years, 210 cGy.cm2 and >10-15 years, 470 cGy.cm2 respectively.  

Conclusions: The mean DAP of pediatric patients were 
higher than the dose level as recommended by NRD at the age 
range >1-5, >5-10 and >10-15 years. The limitation in this study 
was the non uniform in the number of patients at the higher age. 
Attempts could be made to lower the radiation dose to avoid the 
higher risk of developing radiation-induced cancer in children. 
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I.INTRODUCTION 

 
 From the literature, 30-50% [1] of fluoroscopy is still used 
in children for standard imaging study. So, the pediatric 
patient dose received from the examination should be 
determined for the safety of the patients. 
 VCUG is a specialized radiology procedure that has an 
important role in the children. The incidence of diseases or 

disorders of the urinary tract of children is high and the 
ultrasound examination is not clear enough images. As a 
result, this inspection continues to be very popular for 
thepediatricians who prescribed this examination. The 
amounts of radiation the pediatric patients received from this 
examination are important to bedetermined. 
 Children are more sensitive to the damaging effects of 
ionizing radiation than adults. Special attention must be paid 
to the amounts of radiation used. Radiation induced tumors do 
not become manifest until many years after exposure, so adult 
patients may have died of other causes before they develop. 
Children, because of their longer life expectancy, have a 
greater chance of being alive long enough for the tumor to 
present. The pediatric patient dose received from the 
examination is still not available in Thai pediatric patients. 
 The aim of this study is to determine the entrance skin 
doses (ESD) and effective dose (E) for fluoroscopy and 
radiography procedures in VCUG studies of pediatric patients 
by dose-area product (DAP) recordings. 

 
 

II. MATERIALS AND METHODS 
 
A. Quality Control (QC) of Radiography-Fluoroscopy 
system, manufacturer Philips model OmnidiagnostEleva 
 

The quality control of Radiography-Fluoroscopy system 
was firstly performed. DAP meter, Wellhöfer Dosimetrie 
GmbH  Germany mounted on the window of the x-ray tube  
wasverifiedfollowing the AAPM protocol before data 
collectionto verify  ESD and DAP values that  display on the 
system monitor. 

 
B. Voiding Cystourethrography (VCUG) procedure  
 

Voiding cystourethrography (VCUG) procedure[2] is a 
radiographic and fluoroscopic study of the lower urinary tract.  
It requires aseptic bladder catheterization, instillation of 
iodinated contrast media, fluoroscopic observation, and 
recorded images (film, digital, or video) of the opacified 
structures. 
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70 data parameter of pediatric patients  underwent the 
radiographic-fluoroscopic system of the VCUG procedure 
include radiation dose  at room 16 Fluoroscopy units, 
Department of Radiology, Faculty of medicine, Ramathibodi 
Hospital were recorded from May to December 2011. The age 
of the VCUG patients ranged from newborn to 15 years old. 

 
C. Dose area-product [3] 

Thefluoroscopic - radiographic system used in this study is 
equipped with thedose-area product (DAP) meter. The DAP 
meter measures the radiation dose to air, times the area of the 
x-ray field. The relationship between DAP and exposure-area 
product (EAP) is essentially a single conversion factor that 
relatesdose to exposure. 

The size of DAP meter is larger than the area of the x-ray 
beam. The DAP ionization chamber intercepts the entire x-ray 
field for an accurate reading, one proportional to the EAP. 
The reading from a DAP meter can be changed by altering the 
x-ray technique factors (kVp, mA, or time), varying the area 
of the field, or both. So, dose area-product is appropriate to 
estimate radiation dose in fluoroscopy procedure. 

D. Effective radiation dose estimation 

The effective dose could be calculated from DAP value 
multiplied by the conversion coefficient of 0.21mSv/Gy.cm2 
for VCUG procedure [4]. 

 
 

III. RESULTS 
 

A. Data parameter of patient information 
 

The general data of 70 patients who underwent VCUG 
such as weight (kg), height (cm), body mass index (BMI), and 
age(year) are displayed intable 1. 
 
Table 1 The general data of 70 patients 
 

 Mean SD Min Max Median 
3rd 

Quartile 

Weight (kg) 13.68 28.46 2.68 57.10 9.25 17.70 

Height (cm) 84.46 10.79 47.60 152.00 74.00 104.00 
BMI(kg/m2) 17.24 7.42 11.01 73.60 16.41 17.53 

Age 2.83y 3.62y 14day 15y 1y 4.75y 
BMI; Body mass index 

B. Data parameter on radiographic-fluoroscopic technique 
for VCUG 
 

 The data parameter technique of patients underwent VCUG 
procedureis shown in table 2.  
 
Table 2 The data parameter technique and radiation dose of patient. 
 

 Mean SD Min Max Median 
3rd 

Quartile 
Fluoroscopy 

time(min) 
 

2.88 1.47 0.73 7.70 2.60 3.24 

Mean II 
format (cm) 

 
25.97 5.33 17.46 38.00 25.05 29.52 

Mean kVp 
 

69.95 4.63 63.77 84.92 67.00 71.45 

Mean mAs 
 

3.09 2.41 0.79 16.53 2.44 3.74 

No. of 
exposure 

35.19 19.82 11.00 99.00 28.00 44.75 

II; Image intensifier 

 
C. Radiation dose 
  
 The radiation dose, 70 patients, received from VCUG 
procedure is shown in table 3. 
 
Table 3  70 patient dose received from VCUG procedure. 
 

 Mean SD Min Max Median 
3rd 

Quartile 
ESD 

(mGy) 
 

7.27 7.00 1.00 42.00 4.50 10.00 

DAP 
(cGycm2) 

 

153.76 207.39 20.70 1247.80 68.70 174.80 

Effective 
dose (mSv) 

0.32 0.44 0.04 2.62 0.14 0.37 

ESD; Entrance skin dose, DAP; Dose area product 

 
The radiation doses that 70 patients received from VCUG 

procedure are divided by age rang. The result wasshown in 
table 4. 

 
Table 4 The radiation doses 70patients received from VCUG 
procedure divided by age range. 

 

Age range 
 (years) 

Radiation dose 

Mean ESD 
(mGy) 

Mean DAP 
(cGycm2) 

Mean 
effective dose 

(mSv) 
0-1       (n=32) 3.41 46.58 0.10 
>1-5     (n=20) 6.80 115.48 0.24 
>5-10   (n=12) 11.75 292.28 0.61 
>10-15 (n=6) 20.50 575.98 1.21 

ESD; Entrance skin dose, DAP; Dose area product 

 The radiation doses 70 patients received from VCUG 
procedure are divided by gender. The result was shown in 
table 5. 
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Table 5 The radiation doses 70 patients received from VCUG 
procedure are divided by gender. 

 

Gender 
(number) 

Radiation dose 

Mean ESD 
(mGy) 

Mean DAP 
(cGycm2) 

Mean 
effective dose 

(mSv) 
Female (n=25) 10.76 270.30 0.57 
Male     (n=45) 5.33 89.01 0.19 

ESD; Entrance skin dose, DAP; Dose area product 
 

 The mean ESD is displayed in figure 1 in bar chart as 
separated by the 4 age groups and by gender. The mean DAP 
is displayed in figure 2 of bar chart of 4 age ranges and 
gender. The mean effective dose separated by 4 age ranges 
and genderare displayed in figure 3. 
 

 
 
Fig.1 The mean ESD from 4 age range of VCGU patients 

 
 

 
 
Fig.2The mean DAP from 4 age range of VCGU patients 

 

 
 

Fig.3 The mean E from 4 age range of VCGU patients 
 
 The dose reference levels (DRLs) is the 75th percentile 
(third quartile) of the doses of common protocols from a 
national survey of imaging practices. 
 In this study, we established local DRL for VCUG 
procedure at Ramathibodi hospital as shown in table 6 
 
Table 6  The third quartile for VCUG procedure. 
 

Age range 
(year) 

(number) 

3rd Quartile of Radiation dose 
ESD 

(mGy) 
DAP 

(cGycm2) 
Effective dose 

(mSv) 
0-1 

(n=32) 
4.00 52 0.11 

>1-5 
(n=20) 

9.50 182 0.38 

>5-10 
(n=12) 

13.75 401 0.84 

>10-15 
(n=6) 

24.00 754 1.58 

ESD, Entrance skin dose, DAP, dose area-product 
 

 
IV. DISSCUSSION 

 
The collection of data of pediatric patients undergoing 

radiology examinations was started a couple years ago at 
some centers in Thailand. The factors affecting the pediatric 
patient radiation dose from the VCUG or other fluoroscopy 
procedures are very important to optimize the radiation dose. 

The dose reference levels (DRLs) for Thai pediatric 
patients underwent VCUG or other fluoroscopy procedure 
should be established for different age range to optimize 
patient dose, tocompare with other studies and to review 
regularly.  

As the time to collect the data and the number of patients in 
this study were limited for VCUG procedure in age range >1-
5 years,>5-10 years, and >10-15 years, the entrance surface 
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dose  were higher than dose levels reported by the national 
reference doses (NRDs) of UK[5] and ICRP (2011) as shown 
in table 7 and figure 4. 

 
Table 7 Comparison of the DRLof DAP of this study to 
DRLs of NRDs (UK) and ICRP (2011) from VCUG 
procedure. 

 

Age range 
(years) 

(number) 

DRL of 
DAP in this 

study 
(cGycm2) 

DRLs of 
DAP of NRDs 

(UK) 
(cGycm2) 

DRLs of 
DAP of ICRP 

(cGycm2) 

0-1 
(n=32) 

52 90 81 

>1-5 
(n=20) 

182 110 94 

>5-10 
(n=12) 

401 210 164 

>10-15 
(n=6) 

754 470 341 

 
 

 
 
Fig.4 Comparison of the DRL of DAPfrom this study to NRDs (UK) 
and ICRP (2011) for theVCUG procedure 

 
Quality control of the radiographic-fluoroscopic system 

was performed by qualified medical physicistsprior to the data 
collection. Test results was reviewed and compared with 
tolerance levels of AAPM protocol. 

Attempts could be made to lower the radiation dose 
received during these procedures due to a higher risk of 
developing radiation-induced cancer in children. 
 
 

V. CONCLUSIONS 
 

The ESD, DAP and E of this study were in range of1.00-
42.00mGy,21-1248 cGy.cm2and 0.04-2.62mSv respectively. 
The DRL is established for DAP of 52,182, 401 and 754 

cGy.cm2. The level is higher than NRD and ICRP at the age 
>1-5, >5-10 and >10-15 as shown in figure 4. 
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