
RADIATION EXPOSURE TO EXAMINERS AND PATIENTS 

DURING THERAPEUTIC ERCP: DOSE OPTIMISATION  

AND RISK ESTIMATION 
Abdelmoneim Sulieman, 1*; Georgios Paroutoglou, 2, Andreas Kapsoritakis, 3; 

Anargeyros Kapatenakis, 2; Spiros Potamianos3; Marianna Vlychou4; Ioannis Fezoulidis4,  
Kostas Kappas1 and Kiki Theodorou1 

 
 
1,5Medical Physics Department, 2Public Gastroenterology Department,  3University Gastroenterology Department 
and 4Radiology Department, University Hospital of Larissa, P.O.Box 1425, Larissa 41110, Hellas. 5Medical 
Physics Department, Sudan University of Science and Technology, P.O.Box 1908, Khartoum, Sudan. 
 

*Corresponding Author: Medical Physics Department,University Hospital of Larissa,P.O.Box 1425, 
Larissa 41110, Hellas (GR),Email    abdelmoneim_a@yahoo.com,Tel: +30-2410-682051-58,Fax: +30-2410-670117 

 
 

Abstract: 

Aim: This study intended to optimise the radiation dose during therapeutic ERCP, and 

to estimate the risk for examiners and patients, to compare the doses based on 

available data obtained by other researchers and reference levels recommended by 

international organizations, and to evaluate the technique applied in order to reduce 

patient and examiners doses. 

Materials and Methods: 153 patients were studied in two Gastroenterology 

Departments, (group A, 111; group B, 42). Thermoluminescent dosimeters (TLD) 

were used to measure the staff and patients entrance surface dose (ESD) at different 

body sites.  

Results: The mean ESD, exit and thyroid surface dose per procedure was estimated to 

be 68.75 mGy, 3.45 mGy and 0.67 mGy, respectively. The mean patient effective 

dose was 3.44 mSv, and the cancer risk per procedure was estimated to be 190 x10-6. 

The effective dose for the first, second and third examiner was 0.4 µSv, 0.2 µSv and 

5.0 µSv, respectively. 

Conclusion: The patient dose can be optimized by the presence of two experienced 

examiners and reduction of radiographic images.  The examiners should use a wrap 

around lead apron since the highest dose originating from the X-ray tube, is incident 

on their side and back. The current formulae, which exist, underestimate the effective 

dose to the examiners, when they are applied for ERCP procedures.  For both patients 

and examiners, our results were up to 60% lower compared to the lowest values found 

in previous studies. 

 



 

Introduction  

Endoscopic Retrograde Cholangiopancreatography (ERCP) is considered the gold 

standard procedure in the evaluation of pancreaticobiliary disorders and the treatment 

of many clinical conditions with a high successful rate of up to 90% [1]. ERCP has 

evolved from a diagnostic to an almost exclusively therapeutic procedure after the 

introduction of new, non-invasive imaging techniques, which provide diagnostic 

information that allows the selection of patients for therapeutic ERCP [1,2]. 

However, ERCP requires fluoroscopic and radiographic exposures, which impose 

radiation risks to patients and examiners.  

Moreover, the examiners have always been required to stand close to the patient in 

order to manipulate the procedure. As a consequence, unprotected parts by the lead 

apron (hands, eye lens, thyroid), may receive significant radiation doses from 

scattered X-rays, which may result to tissue reaction (deterministic effects, (cataract)) 

and cancer/heritable effects (stochastic effects)  [2-5], since the examiners according 

to the most studies [8-12], do not wear thyroid shields, lead gloves or lead glasses. 

Although the radiation dose to examiners is very low, no radiation dose can be 

considered safe, especially when accumulated under high workload circumstances.  

Monitoring of the radiation exposure to patients and examiners is recommended [4,5].  

The present investigation aims to (i) measure, optimise with precision and compare 

the radiation dose to patients and examiners in two distinct groups of examiners from 

two Gastroenterology Departments. [Department A (Public Gastroenterology 

Department) and Department B (University Gastroenterology Department)], (ii) 

estimate the radiation risks to examiners and patients, (iii) compare the doses based on 

available data obtained by other researchers and reference levels and (iv) evaluate the 

technique applied in order to reduce patient and examiners doses. 

Materials and methods 

Patient and examiners dose measurement 

One hundred and fifty three consecutive ERCP procedures were evaluated. 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, which contained 3 TLDs, to protect them from any 



contamination. An array of 3 envelopes were used to measured ESD and exit dose and 

thyroid surface dose (TSD). The examiners were performing the investigations as 

their daily practice with a protocol that is designed to minimise patient and examiner 

dose.  

Two experienced gastroenterologists in group A and group B performed all the 

procedures, respectively. Regarding the first examiner, the radiation dose was 

monitored outside the lead apron at 7 sites: the forehead (eye lens), thyroid, chest, and 

left hand, waist (left side), back shoulder at the scapula and the left leg.  The examiner 

used a 0.25 mm lead equivalent thick apron, full wrap-around protection (a lead apron 

offering all round protection) (Dr. Goos-Suprema GmbH, Heidelberg, Germany).  The 

second and the third examiners used 0.50 mm lead equivalent thickness, frontal 

protection (Rheix-srl, Milan, Italy).    

A lead apron (100 x 60 cm2) of 0.50 mm lead equivalent was placed on the side of the 

first examiner over the table to reduce radiation scatter to the examiners standing to 

the side of the fluoroscopy couch.   

All procedures were performed with the examiners at the same locations (Figure 1). 

The nurses remained outside the X-ray room during the exposure.  

ERCP technique 

All cases were performed for therapeutic purposes. ERCP was performed with a 

duodenoscope (Olympus, exera CLE 145(Olympus Medical System Corp, Japan)). 

The patient was placed on an X-ray couch in the left anterior oblique position.  During 

the procedure, radiographic and fluoroscopic images were obtained after injection of 

contrast medium.  

TLD-100 chips were selected to measure patient doses while TLD-200 for examiner 

dose measurements for their numerous advantages [13]. The calibration and readout 

processes are described elsewhere [14]. 

Radiographic equipment 

ERCP procedures were performed using an overcouch machine (Philips Diagnost 93). 

The filtration of the X-ray beam was 4.0 mm Al. The kVp and mAs ranges are 40-125 

and 1-850, respectively.  

Estimation of absorbed organ doses and effective doses  

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

the National Radiological Protection Board (NRPB-SR262) [15].  

The examiners’ E can be estimated by using the following fromulae [16,17]: 



0.06( )U UOS
E H H H= − +                                                                                                           (1) 

Where HOS is the dose measured by the dosemeter at the neck (shallow depth) and HU 

is the dose measured by the dosemeter under the apron at waist level (deep).  

The risk (RT) of developing cancer in a particular organ (T) following ERCP after 

irradiation was estimated by multiplying the mean organ equivalent (HT) dose with 

the risk coefficients (fT) obtained from ICRP [4-5]. 

                            .T T TfR H=                                                                           (2) 

Results                                                                     

Patients body characteristics, screening time, number of radiographic and 

fluoroscopic images, and the procedure duration are presented in Table 1.  

Table 2 presents the ESD (mGy) values for both patients groups. This data shows 

asymmetry in distribution, the mean, median, minimum, third quartile and the 

maximum values are presented. The ESD for group A is 15% lower than group B. 

This can be attributed to different factors: patient pathology inter-examiner 

differences, since the examiners were using the same X-ray machine.  

The examiners doses (µGy) per procedure for both groups are presented in Table 3. 

The dose values received by both groups are comparable. Table 4 shows the estimated 

organ dose using the conversion factors from NRPB [15], risk factors from ICRP 

[4,5] and the estimated risk values. Table 4 also provides an estimation of the cancer 

risks associated with the organ dose.  

Discussion 

This study intended to provide a detailed evaluation of radiation dose during ERCP 

and to analyse factors that might affect the radiation dose for both examiners and 

patients. The patient body characteristic data were comparable to the mean values 

reported in the literature [7,8,11,12].  

In agreement with the aforementioned studies, strong correlation was found between 

the ESD and screening time (R2=0.91). Therefore, fluoroscopic time can be a good 

indicator of dose if radiographic images are controlled. The exposure factors (kVp, 

mA) for both patient groups were comparable to exposure factors reported in previous 

studies [7,8,11,12]. In general, high kVp increases the scatter radiation thus also the 

examiners dose, while decreasing the contrast of the image.  



 

Patient absorbed and effective doses 

The mean ESD and E resulting from ERCP procedure has been estimated to be 68.89 

mGy and 3.44 mSv, respectively for the total patient population (Table 5).  

This result indicates that a high degree of patient dose reduction was achieved in the 

present study. This could be attributed to the presence of two experienced 

gastroenterologists, offering a quick interpretation and decision-making, resulting in a 

general dose reduction.  

Our study protocol was designed to use intermittent fluoroscopy with fluoroscopic 

image with last image hold to minimize exposures. Even if these images generally 

have inferior image quality compared with radiography, it has the required findings. 

This reduction also reduces the risk of the tissue reactions and offer further margins 

for further investigations and follows up especially for young and pregnant patients.  

Examiners doses 

The effective dose for the first, second and third examiner was 0.4 µSv, 0.2 µSv and 

5.0 µSv, respectively. As expected, the first examiner was more exposed than the 

second one, while the radiation dose for the fellow was the highest because no 

protective shield was used in that direction and he was always facing the primary 

beam. The back shoulder and the waist were points of the highest dose for the first 

examiner, because these parts are always facing the source of the scatter radiation. 

It is clearly considered that the radiation dose inside the lead apron is insignificant and 

the examiners are adequately protected, in the light of the fact that the transmissions 

of the lead apron (0.25 mm and 0.50 mm lead equivalent) are 12.6 % and 5% at 80 

kVp respectively, which was determined experimentally (Figure 2).  

Radiation dose reduction can be achieved by wearing the protective eyeglasses and 

thyroid shields that significantly attenuate scatter radiation. However, the examiners 

believe that the use of lead glasses impairs vision and so increases the exposure time 

and that lead gloves are inconvenient for the first and the second examiners.  

In light of the results of this study, the third examiner is removed from the specific 

place, and all examiners wear wrap-around lead protection with thyroid shields.  



Cancer risk estimation  

The risk of radiation-induced cancer for staff per procedure was 2.2x 10-8, 1.1 x10-8 

and 28x10-8 for the first, second and third examiner, respectively. 

The patient radiation risk estimation for fatal cancer per procedure was found to be 

190 x 10-6 while the female hereditary risk was estimated to be negligible (1 x 10-8). 

Larkin et al [7] and Nidu et al [9] estimated the risk of radiation-induced cancer 

between 1 in 1700 (3x10-4) to 1 in 3500 (6x10-4) per procedure. The radiogenic risk to 

examiners in this study is also lower compared to aforementioned studies.  

Reference dose level 

The high doses incurred in interventional radiology procedures make it advisable to 

establish reference dose values [18,19]. However, refernce dose for therapeutic ERCP is 

complicated because the duration and complexity of the fluoroscopic exposure is 

strongly dependent on the individual clinical conditions. i.e. the procedure is clinically 

open-ended, continuing until the procedure is complete [19].   

Therefore, we propose a local reference dose level by using the 3rd quartile value 

(86.81 mGy associated with 2 radiographs and 3.5 minutes screening time) as shown 

in the Table 3, as a first step towards dose optimisation.  The available data is still 

not enough to establish national reference levels, but this could be a baseline for 

further studies concerning the optimisation of dose with regard to avoiding 

unnecessary radiation risks 

Conclusion 

This study indicates the need of radiation exposure reduction to patients and 

examiners, and underlines the importance of the protection in busy gastroenterology 

departments. The unnecessary radiation exposure can be reduced significantly by the 

presence of two experienced examiners. The radiation dose to the examiners is well 

within established safety limits, in the light of the current practice.  Furthermore, the 

first examiner should put on a lead wrap-around protective apron, since he is not 

facing the scattered radiation. We believe that the available formulae to evaluate 

effective dose to examiners underestimates the effective dose for ERCP examiners. 

The results encourage examiners for further dose optimisation. Additional studies 

need to be conducted in order to establish reference dose levels to patients and 

effective dose estimation to examiners during ERCP. 
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