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Abstract 

Purpose: Extensive literature exists on patient radiation doses in various interventional 

procedures. This does not stand for endoscopic retrograde cholangiopancreatography 

(ERCP) where the literature is very limited.  This study compares patient dose during ERCP 

procedures performed with different types of X-ray systems. Methods and Materials: Four 

hospitals participated in the study with the following X-ray systems: A) X-ray conventional 

system (X-ray tube over table), 137 pts, B) X-ray conventional system (X-ray tube under 

table), 114 pts, C) C-arm system, 79 pts, and D) angiography system, 57 pts. A single 

experienced endoscopist performed the ERCP’s in each hospital. Kerma Area Product (KAP), 

fluoroscopy time (T) and total number of X-ray films (F) were collected. Results: Median 

patient dose was 6.2 Gy.cm2 (0.02-130.2 Gy.cm2). Medium linear correlation between KAP 

and T (0.6) and F (0.4) were observed. Patient doses were 33 % higher than the reference 

value in UK (4.15 Gycm2 with a sample of 6089 patients). Median KAP for each hospital was: 

A) 3.1, B) 9.2, C) 3.9 and D) 6.2 Gy.cm2. Median T was: A) 2.6, B) 4.1, C) 2.8 and D) 3.4 

min. Median F was: A) 2, B) 7, C) 2 and D) 2 films. Conclusion: Patient radiation dose 

during ERCP depends on: a) fluoroscopy time and films taken, b) the type of the X-ray system 

used, with the C arm and the conventional over the couch systems carrying the lower patient 

radiation dose and the angiography system the higher. 

 

Introduction 

Endoscopic retrograde cholangiopancreatography (ERCP) is a widespread interventional 

therapeutic procedure during which the duodenum, papilla of Vater, bile ducts, gallbladder and 
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pancreatic duct are investigated. This is done using fluoroscopic guidance to verify in real time 

the position of the endoscope and its relationship within the duodenum. The placement of 

various other instruments, such as catheters and guidewires are also verified with fluoroscopy. 

In more detail, once the contrast is injected to the patient, fluoroscopy is used to evaluate the 

anatomy of ductal systems of the biliary tree and pancreas. Images are usually taken to record 

the findings, either by capturing the last fluoroscopic image or taking spot radiographs. Finally, 

the use of fluoroscopy to assist therapy, such as sphincterotomy, stone extraction, biopsy or 

cytology, and stent placement is required. Gastroenterologists who are involved in ERCP 

procedures may perform multiple procedures daily. Most gastroenterologists are familiar with 

the use of radiographic methods for diagnosing gastrointestinal tract abnormalities, evaluating 

solid organs in the abdomen. However, they have no in-depth training in radiation protection 

nor are they aware of the potentially harmful effects of radiation to both patients and staff.  

The last years a number of studies is published that investigates the radiation dose to patients 

and staff [1-3]. Recognizing the urgent need to guidelines in radiation protection, the World 

Gastroenterology Organization developed guidelines on minimizing radiation exposure for 

patients and staff in endoscopy in a joint effort with the International Atomic Energy Agency 

and the American Society for Gastrointestinal Endoscopy [4]. Very recently, the European 

Society of Gastrointestinal Endoscopy (ESGE) commissioned and funded guidelines in 

radiation protection using the methodology used for all other ESGE guidelines [5].  

Despite the fact that a number of studies investigate patient radiation dose in ERCP, there was 

no study found in the recent literature that examines the possible difference in patient dose 

when different types of X-ray systems are used. The aim of this study was therefore to 

investigate patient radiation doses during interventional ERCP procedures and their potential 

relation to X-ray system type. 

 

Materials and Methods 

Table 1 presents the 4 X-ray systems in hospitals A, B, C and D participating in the study.  

Table 1. The 4 X-ray systems in hospitals A, B, C and D participating in the study are shown. 

Hospital X-ray system Type X-ray tube above/under table 

A Philips Essenta Conventional  above 

B Philips Easy Diagnost Conventional  below 

C Philips BV Pulsera C-arm below 

D Siemens Axiom Artis Angiography below 
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All X-ray systems had a KAP meter installed in the X-ray tube housing. The meter was 

calibrated according to the method summarized in the ‘national protocol for patient dose 

measurements in diagnostic radiology’ developed by the National Radiological Protection 

Board [6]. Kerma Area Product (KAP) in Gycm2, fluoroscopy time (T) in min and total 

number of X-ray films (F) were collected. 

The study lasted for approximately one year. Patients referred for ERCP examination were 

included without setting any restrictions on patient weight, sex or condition. Written informed 

consent was obtained from all patients in accordance with guidelines set forth by the 

institutional boards of the hospitals. All ERCP procedures were interventional and were done 

under local sedation and with a fixed set-up for the patient. This meant that each patient 

remained in the same position, so the same anatomical area was exposed during the entire 

examination. The techniques were performed by one endoscopist with more than 5 years of 

experience in each hospital. There was no digression from standard unit practice in terms of 

the procedures performed. The X-ray systems were controlled by the radiographer according 

to the indications of the endoscopist. The endoscopist was positioned next to the patient 

procedures (figure 1).  

 

 

Figure 1. The positions of endoscopist, assistant and anesthesiologist during the ERCP 

procedure are shown. 

 

Results  

Median patient dose was 6.2 Gy.cm2 (range: 0.02-130.2 Gy.cm2). Medium linear correlation 

between KAP and T (0.6) and F (0.4) were observed. Table 2 shows the results of the study 

for every hospital and X-ray system.. 
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Table 2. The results of the study in terms of KAP, T, F are shown for every hospital and X-

ray system. 

 Hs N patients Age T(min) F films KAP (Gycm2) X-ray system 

A 152 72 2,6 2 3.1 Philips Essenta 

B 120 69 4,1 7 9.2 Philips Easy Diagnost 

C 99 73 2,8 2 3.9 Philips BV Pulsera 

D 57 73 3,4 2 6.2 Siemens Axiom Artis 

 

Median KAP for each hospital was: A) 3.1, B) 9.2, C) 3.9 and D) 6.2 Gy.cm2. Median T was: 

A) 2.6, B) 4.1, C) 2.8 and D) 3.4 min. Median F was: A) 2, B) 7, C) 2 and D) 2 films. The 

results of the study were compared with values given by the National Radiological Protection 

Board (NRPB) of United Kingdom (NRPB W-14) [7] .Median KAP (6.2 Gy.cm2) was 33 % 

higher than the reference value in UK (KAP: 4.15 Gycm2, as reported in the NRPB W-14 

document. The study involves over 5000 patients). However, these data come from an 

unknown mixture of diagnostic and therapeutic ERCP procedures. As stated in the NRPB 

report, the limited data from a small number of rooms showed that mean KAP and T values 

per room were about 3 times higher in interventional procedures than in diagnostic ERCPs.  

Finally, there were statistical significant differences amongst the four different types of X-ray 

systems regarding KAP with the C arm having the lowest X=5.92 and the angiography system 

the higher X=35.97, with the corresponding values for the tube over the patient being X=7.95 

and under the patient X=11.87 (Mann-Whitney U and Wilcoxon W tests). 

 

Conclusion 

The results of this study show that patient radiation dose during interventional ERCP depends 

on: a) the fluoroscopy time and b) the total number of films taken. As far as the type of the X-

ray system is concerned, it appears that the C arm may impose lower radiation dose, whereas 

the angiography system the higher.  
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