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Abstract 

Endoscopic retrograde cholangiopancreatography (ERCP) is an invasive 

technique that has been used for over 30 years in the diagnosis and management 

of pancreaticobiliary disorders. The objectives of this study were to evaluate the 

patient entrance surface air kerma doses (ESAK) and estimate the organ and 

effective doses during ERCP in three hospitals in Khartoum. A total of 55 

patients were examined in three hospitals in Khartoum state, Sudan. Calibrated 

thermoluminescence dosimeters (TLD)-GR200A)) were used to measure 

patients’ ESAK. The overall mean of ESAK for all ERCP procedures was 42.4 

mGy.  The mean patient ESAK in Fedail, Soba and Ibn sena centers were 26.7 

mGy, 26.0 mGy, 72.4 mGy, respectively. The effective doses in three centers 

were 1.6, 1.56 and 2.67 mSv in that order and the overall mean effective dose was 

2.01 mSv. Patient radiation doses vary widely among the different hospitals. 

Patient ESAK is low compared to previous studies in the light of the current 

practice. Patient dose was decreased significantly in the last two decades. 
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1. INTRODUCTION 

 

Endoscopic retrograde cholangiopancreatography (ERCP) is a diagnostic and 

therapeutic procedure which has impacted significantly the management of patients 

with pancreatico-biliary disorders, was first described in 1968 [McCune et al., 1968]. 

ERCP procedure, which uses a combination of endoscopy and fluoroscopic imaging, 

accounts for 8.5% of all fluoroscopically guided diagnostic and interventional 

procedures in the USA, with a mean effective dose of 4.0 mSv per procedure. It 

contributes 4.0–5.0% to the total collective dose from fluoroscopically guided 

interventions [WGO, 2010]. The procedure is associated with a considerable radiation 

exposure for patients. The patient doses per procedure ranges from 55.0-347.0 mGy 

for entrance surface air kerma (ESAK) and from 3.0 mSv up to 20.0 mSv effective 

dose [WGO, 2010., ICRP 40, 2010., NCRP 160,2009., Boix and Lorenzo-Zúñiga, 

2011, Ho et al., 2014]. It has been estimated that patients are irradiated for 

approximately 2.0–16.0 minutes which accounts for almost 70% and >90% of the 

dose for diagnostic and therapeutic ERCP procedures, respectively [Boix and 

Lorenzo-Zúñiga, 2011., Ho et al., 2014]. The knowledge of the absorbed radiation 

dose to the organs of a patient undergoing a procedure involving radiation is essential 

in order to evaluate the detriment of the procedure; which in turn is needed to evaluate 

the net benefit from the procedure [ICRP 40, 2010]. The benefits of properly 

performed procedures almost always outweigh the radiation risk experienced by an 

individual. Nevertheless, unnecessary exposure to radiation can produce avoidable 

risk.  Attention of patient dose measurement was increased recently, some studies has 

been published regarding patient doses in countries with level one health care [Boix 

and Lorenzo-Zúñiga, 2011, Ho et al., 2014, Sulieman  et al., 2011., Dumonceau  et 

al., 2012, Tsapaki  et al., 2011., Noto  et al., 2011., Jorgensen  et al., 2010, Savides  et 

al 2012, Tsalafoutas  et al., 2003, Alzimami  et al., 2013, Rodríguez-Perálvarez  et al., 

2011, Buls et al., 2003]. Furthermore, the European Society of Gastrointestinal 

Endoscopy (ESGE) [Dumonceau et al.,2012] recommended reporting patient 

radiation doses in a national database due to limited information regarding dose 

reference levels (DRLs) for ERCP procedures. The available data on patient doses is 

quite limited in comparison with the importance and the frequency of the procedure. 

In addition to that, some of the available data on patient doses in ERCP is generally 
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outdated because of the changes in X-ray systems, image receptors, and hardware that 

have taken place over the past decade. To our knowledge, no study has been 

published regarding patients doses during ERCP procedures in Sudan. The current 

study intends to evaluate the patient ESAK, to estimate the organ and effective doses 

during ERCP in three hospitals in Khartoum, Sudan.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Thermoluinescent dosimetry  

A total of 144 thermoluminescence dosemeters, (TLD-GR200A) circular chips of 

lithium fluoride (LiF:Mg,Cu,P) were used in this study. Prior to measurements, all 

TLDs were calibrated according to the protocol for the range of energies used in the 

study (Sulieman et al., 2007). The calibration was performed under reproducible 

reference condition using the Toshiba Rotande model (T6-6TL-6) against ionization 

chamber (PTW.CONNY ΙΙ ) connected to radiation monitor controller at 100 cm 

SSD, 75 kV and 20 mAs, which is the average energy used during ERCP procedures. 

Both the chamber and electrometer were calibrated for the energy range 30 kVp-120 

kVp at the national standard laboratory.  

For the TLD and chamber irradiation, a Polymethyl- methacrylate (PMMA) 

calibration test bed was constructed having dimensions of 30x30x10 cm
3
, which 

simulates the patient’s lateral and backscatter conditions. The first PMMA slab was 

used to accommodate the TLD chips in an array of slots 10x10. 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 was 

divided by the mean signal of the group. This process was repeated three times to 

reduce the effect of statistical variations and to determine the stability and 

reproducibility of the signal. TLDs with sensitivity within 3% were used in this study. 

All the TLD chips had the same thermal history. The calibration cycle was carried out 

every month. 
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The TLD signal profile was obtained using an automatic TLD reader (Fimel PCL3, 

France) in an atmosphere of inert nitrogen. The read-out was at a 155 
0
C preheat 

temperature and the signal was acquired from 155 
0
C to 260 

0
C . 

 

   2.2 X-ray machines  

 

Three X-ray machines were used in this study: (i) Digital fluoroscopy C -arm (SIRE 

MOBIL COMPACT L, Siemens-Germany), with the ability to capture the last 

fluoroscopic image hold; at Soba University hospital. (ii) General purpose 

fluoroscopic X-ray machine equipped with under couch tube; at Fedail Hospital, and 

(iii) X-ray machine (Shimadzu Shimavision EX Quatra-2005) equipped with over 

couch tube at Ibn sena Hospital. All machines had already passed the routine quality 

control tests performed by Sudan Atomic Energy Commission 

2.3 Patient dose measurement 

Fifty five patients were examined in this prospective study. Patients were categorized 

into three groups in accordance with their hospital. The ethics and research committee 

approved the study and an informed consent was obtained from all patients prior to 

the procedure. ESAK was directly measured using 3 TLDs placed on the patients’ 

skin surface at the point of insertion of the central axis beam using white polyethylene 

plastic foil, to protect the TLDs from dust and dirt. During the procedure the TLDs 

were kept in the required position and were fixed in place with adhesive tapes. TLDs 

were repositioned during the procedure and always kept at the center of the field.  All 

staff performed the procedures according to their routine practice. During the 

procedure, the patient is placed on an X-ray couch in the left anterior oblique position. 

Radiographic and fluoroscopic images were obtained after injection of contrast 

medium. The data recorded for all procedures included: patient body characteristics 

(age, sex, height, weight and body mass index (BMI) (weight/height
2
)), tube voltage 

(kV), tube load (mAs), and fluoroscopic data: tube voltage, tube current (mA), total 

screening time and clinical indication. 

2.4 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) [Hart et al., 1998]. It 
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contains the results of modeling conditions of exposure relevant to 68 common 

radiographic views. For each view, normalized doses are presented for 26 organs or 

tissues. However, as specific projections were not available for ERCP, effective dose 

was obtained from the average value of the conversion factors for the most similar PA 

kidney, stomach and oblique duodenum views. 

 

3. RESULTS 

 

Fifty five consecutive ERCP procedures were evaluated in this study. Patient 

demographic data (age, weight, Height and BMI), screening time and number of 

radiographic and fluoroscopic images for each group are presented in Table 1. The 

radiographic and fluoroscopic exposure factors for each group are also shown in 

Table 2. Table 3 presents patient ESD in (mGy). In view of the fact that the data may 

possibly show a skewed distribution, the minimum, 1
st
 quartile, median, 3

rd
 quartile 

and maximum values are shown as well as the mean, since these will give some sense 

of the asymmetry of the distribution.  Patient organs equivalent doses in (mSv) from 

all hospitals are presented in Table 4. Radiation dose delivered to the liver and 

pancreas were high because they are always situated near the primary beam. Organ 

dose equivalent was extrapolated from ESAK using Monte Carlo calculation from 

NRPB [Hart et al., 1998]. 

Table 1. Patient body characteristics (age, Height, BMI and weight) mean and range in the 

parenthesis. 

BMI 

[kg/m²] 

Weight 

[Kg] 

Height 

[cm] 

Age 

[Year] 

Gender No Hospital 

F M 

25.8 67.4 

(46-83) 

162 

(148-182) 

58.1 

(22.0-85.0) 

17 8 25 Fedail 

25.5 67.7 

(42-76) 

163.5 

(151-180) 

54.1 

(39-63) 

7 4 11 Soba 

21.7 59.8 

(47-83) 

165.6 

(153-180) 

57.7 

(34-85) 

8 11 19 Ibn sena 
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Table 2. Mean exposure factors and parameters for radiography and fluoroscopy in ERCP in three 

hospitals (range in the parenthesis).  

 

Screening time 

[min] 

Tube current 

[mA] 

 

Tube voltage 

[kV] 

Hospital 

5.3 

(1.3-17) 

5.2 

(3.3-7.6) 

80.6 

(63-91) 

Fedail 

6.5 

(1.8-12.1) 

0.7 

(0.6-0.9) 

60.7 

(57-68) 

Soba 

5.4 

(0.2-27.6) 

2.6 

(1.6-3.9) 

95.5 

(75-116) 

Ibn sena 

 

4. DISCUSSION 

This study intended to evaluate patient doses and radiogenic risks during ERCP 

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

reported in the literature [Boix et and Lorenzo-Zúñiga, 2011., Ho et al., 2014, 

Sulieman  et al., 2011., Tsalafoutas et al., 2003]. The mean screening time was ranged 

Table 3. Patient Radiation doses (mGy) during ERCP procedure 

Maximum  3rd 

Quartile 

Median  1
st
 

Quartile 

Minimum  Mean±Sd Center 

365.7 

 

12.93 

 

5.40 

 

3.55 

 

0.27 

 

26.7±73 

 

Fedail 

51.6 

 

45.86 

 

33.20 

 

5.02 

 

0.51 

 

26.0±21 Soba 

384.2 

 

101.04 

 

29.95 19.01 0.19 72.4±91 Ibn sena 

384.2 

 

45.96 

 

12.90 

 

4.91 

 

0.20 

 

42.4±75 All  
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between 0.2 to 27.1 minutes as shown in Table 2.  The screening time is higher 

compared to other previous studies [Boix and Lorenzo-Zúñiga 2011., Ho et al., 2014, 

Sulieman  et al., 2011., Alzimami  et al., 2013, Tsalafoutas et al., 2003]. It has been 

reported that fluoroscopy time is shorter when ERCP is performed by operator with 

more years of experience [Jorgensen  et al., 2010, Savides  et al 2012]. Therefore, 

fluoroscopic time can be a good indicator of dose if radiographic images are 

controlled. The exposure factors (kVp, mA, time) and number of films (3.5 film per 

procedure) for all hospitals were comparable to exposure factors reported in previous 

studies [Boix and Lorenzo-Zúñiga, 2011., Ho et al., 2014, Sulieman  et al., 2011., 

Tsalafoutas et al., 2003].   

The mean ESAK for all ERCP patients was 42.4 mGy and, for patients in Fedail, 

Soba and Ibn sena centers were 26.7, 26.0, 72.4 mGy, respectively.  The range of 

patient doses during the procedures was between 0.27-384.2 mGy. At all hospitals, a 

variation of total ESAK from patient to patient was also very high (standard deviation 

ranged from ±21 to ±91).  Wide variation in patient ESAK was observed for the same 

procedure (Table 3). In this study, the highest ESAK and fluoroscopy time of 384.2 

mGy and 27.0 minutes respectively, were found in Ibn Sena hospital. Patients 

received a comparable ESAK in both Fedail and Soba hospitals.  This dose level is 

higher than the mean ESAK value reported in previous studies (Figure1). This can be 

attributed to the fact the procedures of this study are simple according to the clinical 

indications.   Complex procedures require more fluoroscopic time and thereby deliver 

higher radiation doses to patients, compared to common and non-complicated 

procedures. Differences in the radiation field size can also cause the difference in 

radiation dose to patients. The mean patient dose in Ibn sena was two times higher 

than the other hospitals. Patient doses were comparable in Fedail and Soba hospital. 

This can be attributed to the fact that both X ray machines are digital fluoroscopy 

system dedicated to interventional radiology procedures. The filtration for the 

associated X-ray systems varied between 2.5 mm Al to 4.0 mm Al and this can 

explain part of the differences in patient doses [Kim et al., 2011] reported that elderly 

patients with biliary stones or a malignant stricture were likely to require the longest 

duration of fluoroscopy. These identified variables may help endoscopists predict 

which procedures are associated with prolonged fluoroscopy durations so that 
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appropriate precautions can be undertaken. Jorgensen et al.,[2010] reported that 

fluoroscopy time is shorter when ERCP is performed by endoscopists with more years 

of performing ERCP. Therefore, these results also suggest that there is a need to 

optimize the ERCP procedures in each hospital as preliminarily step to establish the 

required dose reference level (DRL) in Sudan. It was quiet difficult to compare the 

present study with some previous ones because the presented data used Kerma Area 

Product (KAP) means of measurement which is expressed in Gy.cm
2 

[Tsapaki et al., 

2010]. Therefore, effective dose estimation is very essential for comparison between 

different studies using different tradition quantities and units. 

In study conducted in UK [Allison et al.,  2000] reported that ERCP is performed by 

medical Gastroenterologists (75%), upper GI surgeons (13%) and others (12%) 

including radiologists. As could be expected, gastroenterologists and GI surgeons may 

not be fully trained in radiation protection (clinically directing) as opposed to 

radiologists resulting in a wide variation in patient doses during the procedure. 

In the light of the fact that fluoroscopy is operator-dependent, considerable variation 

of exposure delivered
 
by different operators for the same type of examination is 

expected. The various techniques adopted by different
 
operators of different radiation 

protection knowledge could be the most important factor in
 
explaining the wide range 

of radiation doses.  

Effective doses, which represent the risk of late radiation induced effects, were 

estimated from the ESAK value using the NRPB software [Hart et al., 1998]. The 

mean value of the effective dose for both groups was estimated to be 2.10 mSv. In 

comparison with effective doses from previous studies [Jorgensen et al., 2010, 

Savides., 2012], these values are lower. The effective dose value from the literature 

ranged between 3.44 mSv and 9.9 mSv [ Jorgensen et al., 2010, Savides., 2012, 

Rodríguez-Perálvarez et al. ,2011]. Figure 1 shows the comparison between ESAK 

from this study with other published data. In the literature, ERCP procedure is 

performed by gastroenterologists, radiologist or surgeons who are specially trained in 

this technique.  

Although the frequency of ERCP procedures has increased over the last decades, the 

patient radiation dose was decreased. This can be attributed to the introduction of 

digital systems, pulsed fluoroscopy, advances in endoscopic equipment and staff 

awareness of radiation protection (Figure 1) 
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Table 4 shows the doses for some radiosensitive organs extrapolated from patient 

ESAK doses, filtration and tube voltage using Monte Carlo calculation from NRPB 

[Hart et al., 1998]. The organ dose is the best descriptor for detriment when patients 

are exposed to heterogeneous radiation. Organs and tissues that received relatively 

high doses were the pancreas, ovaries, liver and bone marrow. The largest organ dose 

is measured when the organ is in the primary beam. 

Table 4: Patient organ dose in ERCP procedures 

Organ equivalent dose(msv)  

Organ Ibn sena Soba Fedail 

8.20 

 

1.60 

 

2.59 

 

Pancreas 

3.64 

 

0.77 

 

1.16 

 

Red bone marrow 

9.51 

 

2.26 

 

3.14 

 

Liver 

0.20 

 

0.03 

 

0.06 

 

Breast 

 

5.07 

 

0.86 

 

1.56 

 

Ovaries 

 

0.47 

 

0.06 

 

0.13 

 

Testicles 

2.67 1.56 1.60 Effective dose 
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Figure 1. The mean patient ESAK in various therapeutic studies 

  

The cancer risk per procedure can be determined by multiplying the effective dose by 

an appropriate risk factor. The radiation risk for cancer effects for ERCP procedure 

was estimated to be 110 x10
-6

 i.e. 110 cancer cases per one million ERCP procedures, 

bearing in mind that numerical risk values can be estimated and verified only on the 

basis of population rates [ICRP 35 , 2005., Kim et al., 2011]. Patients undergoing 

ERCP receive insignificant radiation doses, thus the patient radiation risk per ERCP 

procedure is low.  

Despite these problems and the uncertainties due to individual dose response  and 

environmental factors, the estimation of the probability of radiation-induced cancers 

is needed for use in radiation protection to increase the awareness and thus, 

responsibility of medical personnel and can be easily understood by non-specialist.  

 

5. CONCLUSIONS 

Patient radiation doses varied widely among the different hospitals. This variation 

could be attributed to ERCP protocol, interoperator experience, and other fluoroscopic 
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equipment-related factors. The radiation absorbed doses to the patients are relatively 

low. Patient dose was decreased significantly in the last two decades. Improvement of 

radiation protection practice will reduce the patient doses to a lower value. Radiation 

dose optimization is required as well as collection of more data on patient doses for 

ERCP procedures in order to establish dose reference level (DRL) in Sudan 
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