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INTRODUCTION
Radiation has become an essential approach in medicine 
and gives substantial benefits to patients in daily practice,1 
while it can cause stochastic effects in longer terms and 
tissue reactions in shorter terms.2–7 Patients undergoing 
recurrent high- dose procedures using ionising radiation 
are exposed to a cumulative dose similar to that among 
atomic bomb explosion survivors.8–11

In the gastrointestinal and hepatobiliary fields, various 
interventions also involve radiation exposure. For example, 
barium meal examination, barium enema, and enteros-
copy involve X- rays. Barium meal examination and barium 
enema, which are used to identify mucosal changes and eval-
uate lesions via oral or transanal administration of barium 
(Figure  1),12–14 are standard examination procedures. 

However, they are also associated with radiation exposure 
problems, with the effective doses being 1–3 mSv (barium 
meal examination) and 7–8 mSv (barium enema).15

As such, these procedures have been replaced by upper 
gastrointestinal endoscopy and colonoscopy, with endos-
copy not only allowing visualisation of the digestive tract 
and tissue collection for pathological diagnosis, but also 
eliminating the need for radiation.

Meanwhile, in the hepatobiliary diseases, the main endo-
scopic intervention is endoscopic retrograde cholangiopan-
creatography (ERCP), which requires radiation exposure. 
In principle, ERCP involves using contrast to view the 
bile and pancreatic ducts, via X- ray fluoroscopy. There are 
several ERCP- related procedures in both diagnosis (e.g. 
cytology and biopsy) and treatment (e.g. cholecystectomy 
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ABSTRACT

Although many interventions involving radiation exposure have been replaced to endoscopic procedure in the gastro-
intestinal and hepatobiliary fields, there remains no alternative for enteroscopy and endoscopic retrograde cholan-
giopancreatography (ERCP), which requires the use of radiation. In this review, we discuss the radiation doses and 
protective measures of endoscopic procedures, especially for ERCP. For the patient radiation dose, the average dose 
area product for diagnostic ERCP was 14–26  Gy. cm², while it increased to as high as 67–89  Gy. cm² for therapeutic ERCP. 
The corresponding entrance skin doses for diagnostic and therapeutic ERCP were 90 and 250 mGy, respectively. The 
mean effective doses were 3– 6 mSv for diagnostic ERCP and 12–20 mSv for therapeutic ERCP. For the occupational 
radiation dose, the typical doses were 94 μGy and 75 μGy for the eye and neck, respectively. However, with an over- 
couch- type X- ray unit, the eye and neck doses reached as high as 550 and 450 μGy, with maximal doses of up to 2.8 
and 2.4 mGy/procedure, respectively.
A protective lead shield was effective for an over couch X- ray tube unit. It lowered scattered radiation by up to 89.1% in 
a phantom study. In actual measurements, the radiation exposure of the endoscopist closest to the unit was reduced to 
approximately 12%. In conclusion, there is a clear need for raising awareness among medical personnel involved endo-
scopic procedures to minimise radiation risks to both the patients and staff.
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and drainage of bile duct obstruction), all of which require radio-
graphic guidance. Unlike barium meal examination and barium 
enema, there is currently no alternative to ERCP. Recently, 
drainage therapy for biliopancreatic region diseases using ultra-
sound endoscopy has been reported, but it requires radiographic 
guidance as well as ERCP.16

However, the awareness of radiation exposure among endosco-
pists is still low. Although there are many reports on the eval-
uation of fluoroscopy endoscopic procedures, radiation dose is 
rarely used as an evaluation item.

International organisations, such as the International Commis-
sion on Radiological Protection (ICRP), the International 
Atomic Energy Agency, and the United Nations Scientific 
Committee on the Effects of Atomic Radiation and radiological 
societies have attempted to keep medical radiation exposure as 
low as reasonably achievable (ALARA) by establishing diag-
nostic reference levels (DRLs).17 ICRP 135 recommends that all 
individuals who are involved in subjecting a patient to a medical 
exposure should be familiar with the DRL process as a tool for 
optimising protection.18 However, there are still not enough data 
available on radiation exposure for gastrointestinal fluoroscopic 
procedures, including ERCP. There is no mention of ERCP in 
DRLs in the United States and the United Kingdom.19,20 In DRL 
from Japan, there is a description of ERCP, but not in detail.21 
Therefore, endoscopists need to understand the current status of 
radiation exposure related to ERCP and raise their awareness of 
radiation protection.

In this review, we discuss radiation doses and protective measures 
in ERCP.

ERCP
ERCP is a technique that combines the use of endoscopy and 
fluoroscopy to diagnose and treat biliary or pancreatic ductal 
systems. ERCP studies account for 8.5% of all fluoroscopi-
cally guided diagnostic and interventional procedures in the 
USA, with a mean effective dose of 4 mSv. They account for 
4–5% of the total collective dose from fluoroscopically guided 
interventions.22

For ERCP, a duodenoscope is advanced into the duodenum, and 
transpapillary procedures, including cholangiopancreatography, 

stone removal, and biliary drainage, are performed under the 
guidance of fluoroscopy.

Fluoroscopy is used to produce live and essential static images, 
while other procedures are performed with reference to endo-
scopic images. When the scope is inserted, fluoroscopy is used 
to verify the shape of the scope and position relationship within 
the duodenum. The insertion of cannulas and guidewires into 
the bile or pancreatic dust is also verified fluoroscopically. After 
successful cannulation, contrast injections are performed to eval-
uate the anatomy of the biliary and/or pancreatic ductal systems 
fluoroscopically.

There is a wide variety of ERCP- related procedures. Diagnostic 
ERCP techniques include bile duct and pancreatic duct angi-
ography, biopsy, or cytology from stricture, while therapeutic 
ERCP includes stent placement for biliary or pancreatic duct 
stenosis and biliary or pancreatic stone. Fluoroscopy is essential 
for all these procedures (Figure 2).

Given that ERCP always involves radiation exposure, it can be 
challenging to perform in certain patients, such as in pregnant 
females in whom exposure to the foetus is a serious problem. 
The maximum permitted dose of ionising radiation to the foetus 
during the entire pregnancy is 0.005 Sv.23–26 During ERCP, radi-
ation exposure to the foetus may increase the risk of intrauterine 
foetal death, malformations, disturbance of growth and devel-
opment, mutations, and cancer. Therefore, these risks should be 
discussed with pregnant patients and their families before ERCP. 
Lead shielding should be used to minimise the radiation expo-
sure to the uterus.26

Figure 1. X- ray in barium meal examination and barium enema. Figure 2. Therapeutic ERCP (a, b) Common bile duct stone 
removal (c, d) Biliary metallic stent placement. ERCP, endo-
scopic retrograde cholangiopancreatography
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ERCP can apparently cause high patient and occupational doses, 
consequently requiring radiological protection. The European 
Society of Gastrointestinal Endoscopy guidelines on radia-
tion protection in digestive endoscopy recommend the proper 
management of radiation exposure for ERCP. However, they 
reported a small sample size and concluded that little progress 
has been achieved to date.27

ICRP has published a number of reports that provide assistance 
in the protection and safety of radiation in medicine. In publi-
cation 85, ICRP covered the need of radiological protection 
issues in interventional procedures, however among the ERCP- 
related procedures, only endoscopic biliary drainage (EBD) was 
mentioned, and no other various ERCP- related procedures were 
described in detail.28

Patient radiation dose
For the patient, the source of radiation exposure is the direct 
X- ray beam from the X- ray unit. The average dose–area 
product (DAP) for ERCP is approximately 13–66  Gy. cm², and 
effective doses range from 2 to 6 mSv/procedure.29 In a report 
measuring 2778 radiation doses in ERCP, the median values 
of radiation dose and fluoroscopy time in ERCP were the air 
kerma (AK) 109 mGy, DAP 13.3  Gy. cm², and fluoroscopy time 
(FT) 10.0 min.30 The radiation dose differs between each proce-
dure in ERCP. In the examination of the difference in radiation 
dose depending on the target disease of ERCP from the same 
institution, proximal malignant biliary obstruction (MBO) was 
reported to require significantly longer procedure time and fluo-
roscopy time and resulted in greater RD than distal MBO (p = 
0.0006,<0.0001,<0.0001) and common bile stones (p = 0.015, 
<0.0001, <0.0001).31

In the analysis of 372 cases of biliary drainage only, the mean 
values of radiation dose and fluoroscopy time during ERCP were 
AK 88.4 mGy, kerma–area product (KAP) 21.9  Gy. cm², and FT 
16.0 min.16

The radiation dose differs between each procedure in ERCP. 
The ESGE guidelines report mean value of entrance skin dose 
(ESD) during ERCP ranges between 55 and 347 mGy in most 
studies, with values approximately three times higher for ther-
apeutic compared with diagnostic ERCP. Mean values of KAP 
reported for diagnostic and therapeutic ERCP are in the range 
of 3–115  Gy. cm² and 8–333 Gycm2, respectively.27 The amount 
of radiation exposure to ERCP further differs between diag-
nostic ERCP and therapeutic ERCP.30,31 The average DAP for 
diagnostic ERCP is reported to 14–26  Gy. cm², while it reaches 
67–89  Gy. cm² for therapeutic ERCP. The corresponding ESD 
for diagnostic and therapeutic ERCP are 90 mGy and 250 mGy, 
respectively. The mean effective doses are 3–6 mSv for diagnostic 
ERCP and 12–20 mSv for therapeutic ERCP.32 Fluoroscopic 
exposure accounts for almost 70% of the dose for diagnostic 
ERCP and  >90% of the dose for therapeutic ERCP, indicating 
that reduction of fluoroscopy time is an efficient approach for 
dose management.32

The devices used for therapeutic ERCP have evolved signifi-
cantly,33–37 and endoscopic treatment is now possible for cases 

of large stones and hilar bile duct stenosis, which were previously 
indicated for surgery. However, these procedures require a long 
examination time, which leads to an increase in the radiation 
dose. Therefore, the trend of higher radiation doses from thera-
peutic ERCP as compared to diagnostic ERCP will continue.

Occupational radiation dose
The major source of X- ray exposure for gastroenterologists and 
other staff is scattered radiation from the patient, rather than the 
primary X- ray beam.

In ERCP examinations, endoscopists, assistant endoscopists, and 
nurses usually enter the laboratory and stand beside the X- ray 
unit (Figure 3). Anaesthesiologists may also be present in some 
facilities.

Studies comparing the radiation exposure doses among medical 
staff reported differences in the staff who received the highest 
doses, ranging from nurses to endoscopists.38,39 This difference 
might be because the location of X- ray units and positioning 
of medical staff vary among facilities. In general, health- care 
workers positioned closest to the X- ray unit receive the highest 
radiation exposure. If the endoscopist is closest to the X- ray unit, 
the occupational radiation dose of the endoscopist will be the 
highest among the medical staff.

Figure 3. Positional relationship between medical staff and 
the X- ray unit in ERCP examination (a) Endoscopist (b) Assis-
tant endoscopist (c) Nurse (※) X- ray unit. Arrow: protective 
lead shield for an over couch tube X- ray unit.
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Wearing a lead apron provides adequate protection from scat-
tered radiation, and it has been reported to achieve an exposure 
of approximately 2–70 μSv/procedure.29,40 In every ERCP proce-
dure, the typical doses are 94–340 μGy to the head and neck 
region (eyes and thyroid) and 280–830 μGy to the fingers.40,41

Although it is well known that an over  couch tube X- ray unit 
is not adequate for performing interventional procedures, ERCP 
commonly involves the use of this type of equipment (Figure 4). 
For gastroenterologists, typical doses are 94 μGy and 75 μGy 
for the eye and neck, respectively.40 However, with use of an 
over couch type X- ray unit, the eye and neck doses increase to as 
high as 550 μGy and 450 μGy, with maximal doses up to 2.8 mGy 
and 2.4 mGy/procedure, respectively.41

Dose to the eye lens is crucial, and with moderate workloads, 
the annual equivalent dose limit for the eye lens (20 mSv) may 
be reached. Even with the use of a protective lead shield for 
over couch tube X- ray, the measured eye lens dose for the endos-
copist standing closest to the X- ray unit was close to 20 mSv/
year.38 In a recent meta- analysis, the frequency of ERCPs 
exceeding the annual equivalent dose limit for the eye lens was 
also investigated and concluded that ocular radiation exposures 
in high- volume ERCP operators (>200 procedures/year) and 
operators performing complex ERCPs involving prolonged fluo-
roscopy, need to exercise caution in relation to ocular exposure.42

Difficulties with the ERCP technique may become apparent after 
the examination, so shielding using lead- lined glasses may be 
reasonable when performing ERCP.

Basic principles of radiation exposure protection in 
ERCP
One of the fundamentals of radiation protection in ERCP is the 
appropriate selection of indications for ERCP. If the purpose 
is to evaluate the bile duct and obtain pancreatic duct images, 
magnetic resonance cholangiopancreatography should be used 
instead as it requires less radiation exposure.43

It is important to develop a strategy before inserting the scope, as 
the extension of the procedure time leads to an extension of the 
fluoroscopy time and in turn, radiation exposure.

Training and experience can be useful for lowering radiation, 
as endoscopists' skills also have a significant impact on proce-
dure time. It has been reported that fluoroscopy time is short-
ened when ERCP is performed by an endoscopist who has many 
years of experience with ERCP. Compared to endoscopists who 
performed more than 200 ERCPs in the previous year, endosco-
pists who performed less than 100 and 100–200 ERCPs in the 
previous year had 59 and 11% more fluoroscopy time, respec-
tively. For every 10 year experience, the fluoroscopy time is 
decreased by 20%.44 The patient’s position also affects the eye 
lens radiation exposure in ERCP. The prone position is one- third 
of the lens exposure compared to the left lateral position.45

Patient and occupational exposure are also related. Unneces-
sarily prolonging fluoroscopy time, obtaining many unintended 
X- ray images, and approaching an X- ray unit or X- ray source 
without exposure protection will lead to an increase in radiation 
exposure and the potential risk of ionising radiation.

The three principles of radiation protection are "distance," "time," 
and "shielding."46

With respect to "distance," the longer the distance from the X- ray 
unit, the lower the radiation exposure. This is supported by the 
lower radiation dose of the assistant endoscopist than that of the 
endoscopist as the assistant endoscopist stands farther from the 
X- ray unit than does the endoscopist.29 For "time," when fluo-
roscopy is used for guidance in endoscopy, the shortest possible 
fluoroscopy time is recommended for any procedure. Therefore, 
setting a limit on the examination time may reduce both the 
patient and occupational doses by significantly decreasing the 
fluoroscopy time and dose.47 With respect to "shielding," shields 
and fully protective clothing (protective aprons, thyroid shields, 
lead glasses) can be used against radiation exposure. Acrylic 
shields, equivalent to 0.5 mm lead, are well known as radiation 
shields and have been reported to reduce occupational radiation 
exposure by a factor of 11.48

Recently, the usefulness of a protective lead shield for an 
over couch- tube X- ray unit has been reported (Figure 4).49,50 In 
a phantom study, it was reported to reduce scattered radiation by 
up to 89.1%.51

In actual measurements, it was reported that using the protec-
tive shield, the radiation dose at the endoscopist’s position was 
reduced up to 97%.49 It was also reported that, when protective 
curtains were not used, the mean radiation doses to endosco-
pists, first assistants, second assistants, and nurses were 340.9, 
27.5, 45.3, and 33.1 µSv, respectively; doses decreased to 42.6, 4.2, 
13.1, and 10.6 µSv, respectively, when protective curtains were 
used (p < 0.01).50

The best approach for medical personnel is to wear protective 
clothing (protective aprons, thyroid shield, and lead glasses).

Figure 4. Protective lead shield for an over couch tube X- ray 
unit.
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Although it is not possible to document the health effects of radi-
ation at the dose levels to which gastroenterologists performing 
ERCP or fluoroscopy are exposed, annual effective doses are 
typically 0–3 mSv when appropriate radiological protection tools 
and principles are applied.29 However, many gastroenterologists 
do not routinely wear protective clothing during ERCP exam-
inations, with only approximately 50% wearing a thyroid shield 
during ERCP.52 This result means that gastroenterologists are not 
highly aware of radiation exposure and need to be educated. In 
addition, with the advent of coronavirus disease 2019 (COVID-
19), which is currently throwing the world into confusion, 
endoscopists must also strengthen their infection protection 
measures. For example, those who normally wear glasses must 
wear a lead glass on top of their glasses, and a face shield on top 
of that to prevent infection (Figure  5). This heavy equipment 
clearly reduces visibility, and it is feared that the rate of wearing 
lead glasses will further decrease. This will require measures such 
as reducing the weight of radiation protection devices.

Development of equipment for radiation protection 
in ERCP
In addition to the three basic principles, the development of 
equipment has recently played an important role in reducing 
the radiation dose used in ERCP. Compared with a conventional 
continuous fluoroscopy unit, a grid- controlled pulsed fluoros-
copy unit could achieve significantly lower patient doses without 
loss of diagnostic accuracy for various abdominal and pelvic 
fluoroscopic examinations.53

A C- arm X- ray unit with pulsed fluoroscopy placed under the 
table achieves markedly lower patient and worker doses than 
does an over couch tube X- ray unit.41 However, in many facilities 
the over couch tube X- ray procedures are still being performed. 
One of the reasons for this situation is that the number of 
under couch systems is smaller than that of over couch systems, 
and the other is that many radiation fluoroscopy rooms are not 
large enough to use the C- arm X- ray unit, and at last but not 
least, lack of knowledge.

These advances in fluoroscopy equipment make it possible to 
lower the amount of radiation used without compromising the 
image quality required for the examination. A single- centre 
observational study of radiation dose used in ERCP over an 
8- year period reported that the radiation dose was lower after 
fluoroscopy device updates.54,55

In ERCP, cholangiopancreatoscopy, which is a thin dedicated 
endoscope that can be inserted into the bile duct, may be used for 
detailed examination of the duct. The recently developed digital 
single- operator cholangiopancreatoscopy has significantly better 
resolution, resulting in lower radiation doses than those in 
conventional fibreoptic SCOP.56

Endoscopic ultrasound- guided drainage, a transgastrointestinal 
drainage procedure performed under fluoroscopy using EUS 
imaging and fluoroscopy for guidance, has recently gained popu-
larity as a drainage treatment for pancreatobiliary diseases.57–60 
Although this procedure uses fluoroscopy, it also uses ultrasound 
images, and thus, the radiation dose is expected to be lower. 
However, the first study to assess radiation exposure in EUS- D 
compared with that in ERCP- D reported that the mean AK, KAP, 
and FT in the EUS- D group were higher by 53%, 28%, and 27%, 
respectively, than those in the ERCP- D group, PT was shorter 
by approximately 11% (AK; 135.0 vs 88.4, KAP; 28.1 vs 21.9, FT; 
20.4 vs 16.0, PT; 38.7 vs 43.5).16

A prospective multicentre radiation dose measurement test is 
currently conducted in Japan, the results of a similar analysis are 
awaited.61

CONCLUSION
Several interventions for gastrointestinal and hepatobiliary 
diseases have been replaced to lower radiation exposure. 
However, ERCP that require the use of radiation remain as 
primary modalities, highlighting the need for radiation expo-
sure protection measures. Some ERCP indications are expected 
to have high radiation exposure before the examination, such 
as post- operative gastrointestinal dissection cases and multiple 
common bile duct stones. However, many difficult ERCPs cannot 
be predicted pre- operatively, so it is recommended to be highly 
aware of radiation exposure protection in all ERCPs. Maintaining 
optimal X- ray equipment, using pulsed fluoroscopy, minimising 
fluoroscopy time, limiting the number of radiographic images, 
limiting the use of magnification, using shielding walls, and 
wearing full protective clothing every time (protective aprons, 
thyroid shield, lead glasses) can lower both patient and occupa-
tional radiation exposure.

Figure 5. An endoscopist wearing glasses with both leaded 
glasses for radiation protection and a face shield for infection 
control.
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As latest review described, the current situation requires imaging 
device manufacturers to urgently develop imaging technologies 
that are safer for patients.62

The low rate of usage of protective equipment among medical 
personnel highlights the need for education measures to raise 
awareness on the radiation risks to both patients and staff. To 
date, in a comparative study of ERCP- related procedures, the 

procedure success rate, clinical success rate, and complication 
rate, were comparative study items, but in 2020, the radiation 
dose was used as a comparative study item.63

From now on, it is expected that the radiation dose during ERCP 
will be evaluated on a national scale, and that it will lead to the 
situation where ERCP is performed by using radiation more 
appropriately.

REFERENCES

 1. Brenner DJ, Hall EJ. Computed 
tomography--an increasing source of 
radiation exposure. N Engl J Med 2007; 
357: 2277–84. doi: https:// doi. org/ 10. 1056/ 
NEJMra072149

 2. Andreyev HJN, Benton BE, Lalji A, 
Norton C, Mohammed K, Gage H, et al. 
Algorithm- Based management of patients 
with gastrointestinal symptoms in patients 
after pelvic radiation treatment (orbit): a 
randomised controlled trial. Lancet 2013; 
382: 2084–92. doi: https:// doi. org/ 10. 1016/ 
S0140- 6736( 13) 61648-7

 3. Barnett GC, Coles CE, Elliott RM, Baynes C, 
Luccarini C, Conroy D, et al. Independent 
validation of genes and polymorphisms 
reported to be associated with radiation 
toxicity: a prospective analysis study. Lancet 
Oncol 2012; 13: 65–77. doi: https:// doi. org/ 
10. 1016/ S1470- 2045( 11) 70302-3

 4. Dearnaley DP, Khoo VS, Norman AR, Meyer 
L, Nahum A, Tait D, et al. Comparison of 
radiation side- effects of conformal and 
conventional radiotherapy in prostate cancer: 
a randomised trial. Lancet 1999; 353: 267–72. 
doi: https:// doi. org/ 10. 1016/ S0140- 6736( 98) 
05180-0

 5. Hopwood P, Haviland JS, Sumo G, Mills J, 
Bliss JM, Yarnold JR, et al. Comparison of 
patient- reported breast, arm, and shoulder 
symptoms and body image after radiotherapy 
for early breast cancer: 5- year follow- up in 
the randomised standardisation of breast 
radiotherapy (start) trials. Lancet Oncol 2010; 
11: 231–40. doi: https:// doi. org/ 10. 1016/ 
S1470- 2045( 09) 70382-1

 6. Mennie AT, Dalley VM, Dinneen LC, 
Collier HO. Treatment of radiation- induced 
gastrointestinal distress with acetylsalicylate. 
Lancet 1975; 2: 942–3. doi: https:// doi. org/ 10. 
1016/ s0140- 6736( 75) 90358-x

 7. Plourde G, Pancholy SB, Nolan J, Jolly S, 
Rao SV, Amhed I, et al. Radiation exposure 
in relation to the arterial access site used 
for diagnostic coronary angiography and 
percutaneous coronary intervention: a 
systematic review and meta- analysis. Lancet 

2015; 386: 2192–203. doi: https:// doi. org/ 10. 
1016/ S0140- 6736( 15) 00305-0

 8. Li X, Hirsch JA, Rehani MM, Ganguli S, 
Yang K, Liu B. Radiation effective dose above 
100 mSv from Fluoroscopically guided 
intervention: frequency and patient medical 
condition. AJR Am J Roentgenol 2020; 215: 
433–40. doi: https:// doi. org/ 10. 2214/ AJR. 19. 
22227

 9. Li X, Hirsch JA, Rehani MM, Yang K, Liu 
B. Effective dose assessment for patients 
undergoing contemporary Fluoroscopically 
guided interventional procedures. AJR Am 
J Roentgenol 2020; 214: 158–70. doi: https:// 
doi. org/ 10. 2214/ AJR. 19. 21804

 10. Rehani MM, Hauptmann M. Estimates of 
the number of patients with high cumulative 
doses through recurrent CT exams in 35 
OECD countries. Phys Med 2020; 76: 173–6. 
doi: https:// doi. org/ 10. 1016/ j. ejmp. 2020. 07. 
014

 11. Rehani MM, Melick ER, Alvi RM, 
Doda Khera R, Batool- Anwar S, Neilan 
TG, et al. Patients undergoing recurrent CT 
exams: assessment of patients with non- 
malignant diseases, reasons for imaging and 
imaging appropriateness. Eur Radiol 2020; 
30: 1839–46. doi: https:// doi. org/ 10. 1007/ 
s00330- 019- 06551-8

 12. Crawley MT, Shine B, Booth A. Radiation 
dose and diagnosticity of barium enema 
examinations by radiographers and 
radiologists: a comparative study. Br J Radiol 
1998; 71: 399–405. doi: https:// doi. org/ 10. 
1259/ bjr. 71. 844. 9659133

 13. Martin CJ. A review of factors affecting 
patient doses for barium enemas and meals. 
Br J Radiol 2004; 77: 864–8. doi: https:// doi. 
org/ 10. 1259/ bjr/ 99143061

 14. McCartney WM. Radiation dose during 
barium enema. Radiol Technol 2007; 79: 
91–3.

 15. United Nations.Sources and effects of ionizing 
radiation: UNSCEAR 2008 report. New York, 
NY: United Nations; 2010.

 16. Takenaka M, Hosono M, Rehani MM, 
Chiba Y, Ishikawa R, Okamoto A, et al. 

Comparison of radiation exposure between 
endoscopic ultrasound- guided drainage 
and transpapillary drainage by endoscopic 
retrograde cholangiopancreatography for 
pancreatobiliary diseases. Dig Endosc 2021;9 
Jun 2021. doi: https:// doi. org/ 10. 1111/ den. 
14060

 17. The 2007 recommendations of the 
International Commission on radiological 
protection. ICRP publication 103. Ann ICRP 
2007; 37(2-4): 1–332. doi: https:// doi. org/ 10. 
1016/ j. icrp. 2007. 10. 003

 18. Vañó E, Miller DL, Martin CJ, Rehani 
MM, Kang K, Rosenstein M, et al. ICRP 
publication 135: diagnostic reference 
levels in medical imaging. Ann ICRP 2017; 
46: 1–144. doi: https:// doi. org/ 10. 1177/ 
0146645317717209

 19. The American College of radiology (ACR) 
tAAoPiMA, and the Society for pediatric 
radiology (SPR). practice parameter for 
diagnostic reference levels and achievable 
doses in medical X- ray imaging. 2018. 
Available from: https://www. acr. org/-/ media/ 
ACR/ Files/ Practice- Parameters/ diag- ref- 
levels. pdf.

 20. UK Go.National diagnostic reference 
levels (NDRLs) from 19 August 2019. 
2019. Available from: https://www. gov. 
uk/ government/ publications/ diagnostic- 
radiology- national- diagnostic- reference- 
levels- ndrls/ ndrl.

 21. Abe K, Hosono M, Igarashi T, Iimori T, 
Ishiguro M, Ito T, et al. The 2020 national 
diagnostic reference levels for nuclear 
medicine in Japan. Ann Nucl Med 2020; 
34: 799–806. doi: https:// doi. org/ 10. 1007/ 
s12149- 020- 01512-4

 22. Schauer DA, Linton OW, No NR. 160, 
ionizing radiation exposure of the population 
of the United States, medical exposure- are 
we doing less with more. and is there a role 
for health physicists? Health Phys 2009; 97: 
1–5.

 23. Huda A, Garzón WJ, Filho GCL, Vieira 
B, Kramer R, Xu XG, , et al. Evaluation 
of staff, patient and foetal radiation 

http://birpublications.org/bjr
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1016/S0140-6736(13)61648-7
https://doi.org/10.1016/S0140-6736(13)61648-7
https://doi.org/10.1016/S1470-2045(11)70302-3
https://doi.org/10.1016/S1470-2045(11)70302-3
https://doi.org/10.1016/S0140-6736(98)05180-0
https://doi.org/10.1016/S0140-6736(98)05180-0
https://doi.org/10.1016/S1470-2045(09)70382-1
https://doi.org/10.1016/S1470-2045(09)70382-1
https://doi.org/10.1016/s0140-6736(75)90358-x
https://doi.org/10.1016/s0140-6736(75)90358-x
https://doi.org/10.1016/S0140-6736(15)00305-0
https://doi.org/10.1016/S0140-6736(15)00305-0
https://doi.org/10.2214/AJR.19.22227
https://doi.org/10.2214/AJR.19.22227
https://doi.org/10.2214/AJR.19.21804
https://doi.org/10.2214/AJR.19.21804
https://doi.org/10.1016/j.ejmp.2020.07.014
https://doi.org/10.1016/j.ejmp.2020.07.014
https://doi.org/10.1007/s00330-019-06551-8
https://doi.org/10.1007/s00330-019-06551-8
https://doi.org/10.1259/bjr.71.844.9659133
https://doi.org/10.1259/bjr.71.844.9659133
https://doi.org/10.1259/bjr/99143061
https://doi.org/10.1259/bjr/99143061
https://doi.org/10.1111/den.14060
https://doi.org/10.1111/den.14060
https://doi.org/10.1016/j.icrp.2007.10.003
https://doi.org/10.1016/j.icrp.2007.10.003
https://doi.org/10.1177/0146645317717209
https://doi.org/10.1177/0146645317717209
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/diag-ref-levels.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/diag-ref-levels.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/diag-ref-levels.pdf
https://www.gov.uk/government/publications/diagnostic-radiology-national-diagnostic-reference-levels-ndrls/ndrl
https://www.gov.uk/government/publications/diagnostic-radiology-national-diagnostic-reference-levels-ndrls/ndrl
https://www.gov.uk/government/publications/diagnostic-radiology-national-diagnostic-reference-levels-ndrls/ndrl
https://www.gov.uk/government/publications/diagnostic-radiology-national-diagnostic-reference-levels-ndrls/ndrl
https://doi.org/10.1007/s12149-020-01512-4
https://doi.org/10.1007/s12149-020-01512-4
https://www.birpublications.org/action/showLinks?pmid=9929018&crossref=10.1016%2FS0140-6736%2898%2905180-0&isi=000078292200008&citationId=p_4
https://www.birpublications.org/action/showLinks?pmid=20138809&crossref=10.1016%2FS1470-2045%2809%2970382-1&isi=000275525300021&citationId=p_5
https://www.birpublications.org/action/showLinks?pmid=53429&crossref=10.1016%2FS0140-6736%2875%2990358-X&isi=A1975AW14600002&citationId=p_6
https://www.birpublications.org/action/showLinks?pmid=26411986&crossref=10.1016%2FS0140-6736%2815%2900305-0&isi=000365992600031&citationId=p_7
https://www.birpublications.org/action/showLinks?pmid=26084305&isi=000371608200015&citationId=p_16
https://www.birpublications.org/action/showLinks?pmid=18046031&crossref=10.1056%2FNEJMra072149&isi=000251176400009&citationId=p_1
https://www.birpublications.org/action/showLinks?pmid=24067488&crossref=10.1016%2FS0140-6736%2813%2961648-7&citationId=p_2
https://www.birpublications.org/action/showLinks?pmid=22169268&crossref=10.1016%2FS1470-2045%2811%2970302-3&isi=000299014500046&citationId=p_3


7 of 8 birpublications.org/bjr Br J Radiol;94:20210399

BJRRadiation doses and radiation protection on the ERCP

doses due to endoscopic retrograde 
cholangiopancreatography (ERCP) 
procedures in a pregnant patient. Radiat Prot 
Dosimetry 2016; 168: 401–7. doi: https:// doi. 
org/ 10. 1093/ rpd/ ncv354

 24. Kahaleh M, Hartwell GD, Arseneau KO, 
Pajewski TN, Mullick T, Isin G, et al. 
Safety and efficacy of ERCP in pregnancy. 
Gastrointest Endosc 2004; 60: 287–92. doi: 
https:// doi. org/ 10. 1016/ s0016- 5107( 04) 
01679-7

 25. Samara ET, Stratakis J, Enele Melono JM, 
Mouzas IA, Perisinakis K, Damilakis J. 
Therapeutic ERCP and pregnancy: is the 
radiation risk for the conceptus trivial? 
Gastrointest Endosc 2009; 69: 824–31. doi: 
https:// doi. org/ 10. 1016/ j. gie. 2008. 05. 068

 26. Savas N. Gastrointestinal endoscopy in 
pregnancy. World J Gastroenterol 2014; 20: 
15241–52. doi: https:// doi. org/ 10. 3748/ wjg. 
v20. i41. 15241

 27. Dumonceau J- M, Garcia- Fernandez 
FJ, Verdun FR, Carinou E, Donadille L, 
Damilakis J, et al. Radiation protection in 
digestive endoscopy: European Society 
of digestive endoscopy (ESGE) guideline. 
Endoscopy 2012; 44: 408–21. doi: https:// doi. 
org/ 10. 1055/ s- 0031- 1291791

 28. Valentin J. Avoidance of radiation injuries 
from medical interventional procedures. Ann 
ICRP 2000; 30: 7–67. doi: https:// doi. org/ 10. 
1016/ S0146- 6453( 01) 00004-5

 29. World Gastroenterology 
Organisation.Radiation protection in the 
endoscopy suite. minimizing radiation 
exposure for patients and staff in endoscopy: 
a joint ASGE/IAEA/WGO guideline. 
Milwaukee, WI: World Gastroenterology 
Organisation; 2009.

 30. Hayashi S, Nishida T, Kuriki S, Chang L- S, 
Aochi K, Meren E, et al. Radiation exposure 
dose of fluoroscopy- guided gastrointestinal 
procedures: a single- center retrospective 
study. Endosc Int Open 2020; 8: E1872–7. doi: 
https:// doi. org/ 10. 1055/ a- 1287- 9066

 31. Hayashi S, Nishida T, Matsubara T, 
Osugi N, Sugimoto A, Takahashi K, et al. 
Radiation exposure dose and influencing 
factors during endoscopic retrograde 
cholangiopancreatography. PLoS One 2018; 
13: e0207539. doi: https:// doi. org/ 10. 1371/ 
journal. pone. 0207539

 32. Larkin CJ, Workman A, Wright RE, Tham 
TC. Radiation doses to patients during ERCP. 
Gastrointest Endosc 2001; 53: 161–4. doi: 
https:// doi. org/ 10. 1067/ mge. 2001. 111389

 33. Takenaka M, Kudo M. Endoscopic 
papillotomy and papilloplasty: effects 
on sphincter of Oddi functionality and 
outcomes. Dig Endosc 2021;19 Feb 2021. doi: 
https:// doi. org/ 10. 1111/ den. 13931

 34. Takenaka M, Minaga K, Kamata K, Yamao K, 
Yoshikawa T, Ishikawa R, et al. Efficacy of a 
modified double- guidewire technique using 
an uneven double lumen cannula (uneven 
method) in patients with surgically altered 
gastrointestinal anatomy (with video. Surg 
Endosc 2020; 34: 1432–41. doi: https:// doi. 
org/ 10. 1007/ s00464- 019- 07228-5

 35. Takenaka M, Nakai A, Kudo M. Novel 
concept of bared type metallic stent for 
endoscopic bilateral stent- in- stent placement 
in patients with hilar malignant biliary 
obstruction (with video. J Hepatobiliary 
Pancreat Sci 2020; 27: 282–3. doi: https:// doi. 
org/ 10. 1002/ jhbp. 698

 36. Takenaka M, Yamao K, Minaga K, Nakai A, 
Omoto S, Kamata K, et al. Novel metallic 
stent designed for endoscopic bilateral stent- 
in- stent placement in patients with hilar 
malignant biliary obstruction. Endoscopy 
2019; 51: E30–1. doi: https:// doi. org/ 10. 1055/ 
a- 0767- 6143

 37. Takenaka M, Yoshikawa T, Okamoto A, 
Nakai A, Minaga K, Yamao K, et al. Novel 
sphincterotomy device that orientates blade 
along the axis of the bile duct in patients with 
Roux- en- Y anastomosis. Endoscopy 2019; 51: 
E132–4. doi: https:// doi. org/ 10. 1055/ a- 0858- 
9831

 38. Takenaka M, Hosono M, Nakai A, Omoto 
S, Minaga K, Kamata K, et al. Current 
status of radiation exposure to crystalline 
lens in ERCP (endoscopic retrograde 
cholangiopancreatography. Nihon Shokakibyo 
Gakkai Zasshi 2019; 116: 1053–5. doi: https:// 
doi. org/ 10. 11405/ nisshoshi. 116. 1053

 39. Zagorska A, Romanova K, Hristova- Popova 
J, Vassileva J, Katzarov K. Eye lens exposure 
to medical staff during endoscopic 
retrograde cholangiopancreatography. Phys 
Med 2015; 31: 781–4. doi: https:// doi. org/ 10. 
1016/ j. ejmp. 2015. 03. 011

 40. Olgar T, Bor D, Berkmen G, Yazar T. 
Patient and staff doses for some complex 
X- ray examinations. J Radiol Prot 2009; 29: 
393–407. doi: https:// doi. org/ 10. 1088/ 0952- 
4746/ 29/ 3/ 004

 41. Buls N, Pages J, Mana F, Osteaux M. Patient 
and staff exposure during endoscopic 
retrograde cholangiopancreatography. Br J 
Radiol 2002; 75: 435–43. doi: https:// doi. org/ 
10. 1259/ bjr. 75. 893. 750435

 42. Menon S, Mathew R, Kumar M. Ocular 
radiation exposure during endoscopic 
retrograde cholangiopancreatography: a 
meta- analysis of studies. Eur J Gastroenterol 
Hepatol 2019; 31: 463–70. doi: https:// doi. 
org/ 10. 1097/ MEG. 0000000000001341

 43. Williams EJ, Green J, Beckingham I, Parks R, 
Martin D, Lombard M, et al. Guidelines on 
the management of common bile duct stones 

(CBDS. Gut 2008; 57: 1004–21. doi: https:// 
doi. org/ 10. 1136/ gut. 2007. 121657

 44. Jorgensen JE, Rubenstein JH, Goodsitt MM, 
Elta GH. Radiation doses to ERCP patients 
are significantly lower with experienced 
endoscopists. Gastrointest Endosc 2010; 72: 
58–65. doi: https:// doi. org/ 10. 1016/ j. gie. 
2009. 12. 060

 45. Angsuwatcharakon P, Janjeurmat W, 
Krisanachinda A, Ridtitid W, Kongkam P, 
Rerknimitr R. The difference in ocular lens 
equivalent dose to ERCP personnel between 
prone and left lateral decubitus positions: a 
prospective randomized study. Endosc Int 
Open 2018; 6: E969–74. doi: https:// doi. org/ 
10. 1055/ a- 0599- 5917

 46. Rehani MM, Ciraj- Bjelac O, Vañó E, Miller 
DL, Walsh S, Giordano BD, et al. ICRP 
publication 117. radiological protection 
in fluoroscopically guided procedures 
performed outside the imaging department. 
Ann ICRP 2010; 40: 1–102. doi: https:// doi. 
org/ 10. 1016/ j. icrp. 2012. 03. 001

 47. Uradomo LT, Goldberg EM, Darwin 
PE. Time- Limited fluoroscopy to reduce 
radiation exposure during ERCP: a 
prospective randomized trial. Gastrointest 
Endosc 2007; 66: 84–9. doi: https:// doi. org/ 
10. 1016/ j. gie. 2006. 10. 055

 48. Chen MY, Van Swearingen FL, Mitchell R, 
Ott DJ. Radiation exposure during ERCP: 
effect of a protective shield. Gastrointest 
Endosc 1996; 43: 1–5. doi: https:// doi. org/ 10. 
1016/ s0016- 5107( 96) 70250-x

 49. Kurihara T, Itoi T, Sofuni A, Itokawa F, 
Tsuchiya T, Ishii K, et al. Novel protective 
lead shield and pulse fluoroscopy can 
reduce radiation exposure during the ERCP 
procedure. Hepatogastroenterology 2012; 
59: 709–12. doi: https:// doi. org/ 10. 5754/ 
hge11764

 50. Minami T, Sasaki T, Serikawa M, 
Kamigaki M, Yukutake M, Ishigaki 
T, et al. Occupational radiation 
exposure during endoscopic retrograde 
cholangiopancreatography and usefulness of 
radiation protective Curtains. Gastroenterol 
Res Pract 2014; 2014: 926876. doi: https:// 
doi. org/ 10. 1155/ 2014/ 926876

 51. Morishima Y, Chida K, Meguro 
T. Effectiveness of additional lead 
shielding to protect staff from scattering 
radiation during endoscopic retrograde 
cholangiopancreatography procedures. J 
Radiat Res 2018; 59: 225–32. doi: https:// doi. 
org/ 10. 1093/ jrr/ rrx039

 52. Frenz MB, Mee AS. Diagnostic radiation 
exposure and cancer risk. Gut 2005; 54: 
889–90. doi: https:// doi. org/ 10. 1136/ gut. 
2005. 066605

http://birpublications.org/bjr
https://doi.org/10.1093/rpd/ncv354
https://doi.org/10.1093/rpd/ncv354
https://doi.org/10.1016/s0016-5107(04)01679-7
https://doi.org/10.1016/s0016-5107(04)01679-7
https://doi.org/10.1016/j.gie.2008.05.068
https://doi.org/10.3748/wjg.v20.i41.15241
https://doi.org/10.3748/wjg.v20.i41.15241
https://doi.org/10.1055/s-0031-1291791
https://doi.org/10.1055/s-0031-1291791
https://doi.org/10.1016/S0146-6453(01)00004-5
https://doi.org/10.1016/S0146-6453(01)00004-5
https://doi.org/10.1055/a-1287-9066
https://doi.org/10.1371/journal.pone.0207539
https://doi.org/10.1371/journal.pone.0207539
https://doi.org/10.1067/mge.2001.111389
https://doi.org/10.1111/den.13931
https://doi.org/10.1007/s00464-019-07228-5
https://doi.org/10.1007/s00464-019-07228-5
https://doi.org/10.1002/jhbp.698
https://doi.org/10.1002/jhbp.698
https://doi.org/10.1055/a-0767-6143
https://doi.org/10.1055/a-0767-6143
https://doi.org/10.1055/a-0858-9831
https://doi.org/10.1055/a-0858-9831
https://doi.org/10.11405/nisshoshi.116.1053
https://doi.org/10.11405/nisshoshi.116.1053
https://doi.org/10.1016/j.ejmp.2015.03.011
https://doi.org/10.1016/j.ejmp.2015.03.011
https://doi.org/10.1088/0952-4746/29/3/004
https://doi.org/10.1088/0952-4746/29/3/004
https://doi.org/10.1259/bjr.75.893.750435
https://doi.org/10.1259/bjr.75.893.750435
https://doi.org/10.1097/MEG.0000000000001341
https://doi.org/10.1097/MEG.0000000000001341
https://doi.org/10.1136/gut.2007.121657
https://doi.org/10.1136/gut.2007.121657
https://doi.org/10.1016/j.gie.2009.12.060
https://doi.org/10.1016/j.gie.2009.12.060
https://doi.org/10.1055/a-0599-5917
https://doi.org/10.1055/a-0599-5917
https://doi.org/10.1016/j.icrp.2012.03.001
https://doi.org/10.1016/j.icrp.2012.03.001
https://doi.org/10.1016/j.gie.2006.10.055
https://doi.org/10.1016/j.gie.2006.10.055
https://doi.org/10.1016/s0016-5107(96)70250-x
https://doi.org/10.1016/s0016-5107(96)70250-x
https://doi.org/10.5754/hge11764
https://doi.org/10.5754/hge11764
https://doi.org/10.1155/2014/926876
https://doi.org/10.1155/2014/926876
https://doi.org/10.1093/jrr/rrx039
https://doi.org/10.1093/jrr/rrx039
https://doi.org/10.1136/gut.2005.066605
https://doi.org/10.1136/gut.2005.066605
https://www.birpublications.org/action/showLinks?pmid=11459599&crossref=10.1016%2FS0146-6453%2800%2900026-9&citationId=p_21
https://www.birpublications.org/action/showLinks?pmid=33269323&crossref=10.1055%2Fa-1287-9066&citationId=p_23
https://www.birpublications.org/action/showLinks?pmid=30452477&crossref=10.1371%2Fjournal.pone.0209877&isi=000450603800022&citationId=p_24
https://www.birpublications.org/action/showLinks?pmid=11174284&crossref=10.1067%2Fmge.2001.111389&isi=000166876600004&citationId=p_25
https://www.birpublications.org/action/showLinks?pmid=15278066&crossref=10.1016%2FS0016-5107%2804%2901679-7&isi=000223188100028&citationId=p_17
https://www.birpublications.org/action/showLinks?pmid=19243762&crossref=10.1016%2Fj.gie.2008.05.068&isi=000264623300010&citationId=p_18
https://www.birpublications.org/action/showLinks?isi=000418321700002&citationId=p_43
https://www.birpublications.org/action/showLinks?pmid=18321943&crossref=10.1136%2Fgut.2007.121657&isi=000256807000023&citationId=p_27
https://www.birpublications.org/action/showLinks?pmid=25386072&crossref=10.3748%2Fwjg.v20.i41.15241&isi=000345115100024&citationId=p_19
https://www.birpublications.org/action/showLinks?pmid=22438152&crossref=10.1055%2Fs-0031-1291791&isi=000302128800016&citationId=p_20


8 of 8 birpublications.org/bjr Br J Radiol;94:20210399

BJR  Takenaka et al

 53. Boland GW, Murphy B, Arellano R, 
Niklason L, Mueller PR. Dose reduction 
in gastrointestinal and genitourinary 
fluoroscopy: use of grid- controlled pulsed 
fluoroscopy. AJR Am J Roentgenol 2000; 175: 
1453–7. doi: https:// doi. org/ 10. 2214/ ajr. 175. 
5. 1751453

 54. Hayashi S, Nishida T, Osugi N, Yamaoka S, 
Sugimoto A, Mukai K, et al. Time trend of 
the radiation exposure dose in endoscopic 
retrograde cholangiopancreatography 
over an 8- year period: a single- center 
retrospective study. Am J Gastroenterol 2021; 
116: 100–5. doi: https:// doi. org/ 10. 14309/ ajg. 
0000000000000838

 55. Hayashi S, Takenaka M, Hosono M, Nishida 
T. Radiation exposure during image- 
guided endoscopic procedures: the next 
quality indicator for endoscopic retrograde 
cholangiopancreatography. World J Clin 
Cases 2018; 6: 1087–93. doi: https:// doi. org/ 
10. 12998/ wjcc. v6. i16. 1087

 56. Mizrahi M, Khoury T, Wang Y, Cohen 
J, Sheridan J, Chuttani R, et al. "Apple 
Far from the Tree": comparative 

effectiveness of fiberoptic single- operator 
cholangiopancreatoscopy (FSOCP) and 
digital SOCP (DSOCP. HPB 2018; 20: 285–8. 
doi: https:// doi. org/ 10. 1016/ j. hpb. 2017. 09. 
002

 57. Dhir V, Isayama H, Itoi T, Almadi M, 
Siripun A, Teoh AYB, et al. Endoscopic 
ultrasonography- guided biliary and 
pancreatic duct interventions. Dig Endosc 
2017; 29: 472–85. doi: https:// doi. org/ 10. 
1111/ den. 12818

 58. Itoi T, Kasuya K, Sofuni A, Itokawa F, Kurihara 
T, Yasuda I, et al. Endoscopic ultrasonography- 
guided pancreatic duct access: techniques 
and literature review of pancreatography, 
transmural drainage and rendezvous 
techniques. Dig Endosc 2013; 25: 241–52. doi: 
https:// doi. org/ 10. 1111/ den. 12048

 59. Katanuma A, Hayashi T, Kin T, Toyonaga 
H, Honta S, Chikugo K, et al. Interventional 
endoscopic ultrasonography in patients 
with surgically altered anatomy: techniques 
and literature review. Dig Endosc 2020; 32: 
263–74. doi: https:// doi. org/ 10. 1111/ den. 
13567

 60. Tsuchiya T, Itoi T, Sofuni A, Tonozuka R, 
Mukai S. Endoscopic ultrasonography- 
guided rendezvous technique. Dig Endosc 
2016; 28(Suppl 1): 96–101. doi: https:// doi. 
org/ 10. 1111/ den. 12611

 61. Nishida T, Hayashi S, Takenaka M, Hosono 
M, Kogure H, Hasatani K, et al. Multicentre 
prospective observational study protocol 
for radiation exposure from gastrointestinal 
fluoroscopic procedures (REX- GI study. BMJ 
Open 2020; 10: e033604. doi: https:// doi. org/ 
10. 1136/ bmjopen- 2019- 033604

 62. Brower C, Rehani MM. Radiation risk issues 
in recurrent imaging. Br J Radiol 2021; 2021: 
20210389. doi: https:// doi. org/ 10. 1259/ bjr. 
20210389

 63. Ekmektzoglou K, Apostolopoulos P, 
Dimopoulos K, Tsibouris P, Kalantzis C, 
Vlachou E, et al. Basket versus balloon 
extraction for choledocholithiasis: a single 
center prospective single- blind randomized 
study. Acta Gastroenterol Belg 2020; 83: 
577–84.

http://birpublications.org/bjr
https://doi.org/10.2214/ajr.175.5.1751453
https://doi.org/10.2214/ajr.175.5.1751453
https://doi.org/10.14309/ajg.0000000000000838
https://doi.org/10.14309/ajg.0000000000000838
https://doi.org/10.12998/wjcc.v6.i16.1087
https://doi.org/10.12998/wjcc.v6.i16.1087
https://doi.org/10.1016/j.hpb.2017.09.002
https://doi.org/10.1016/j.hpb.2017.09.002
https://doi.org/10.1111/den.12818
https://doi.org/10.1111/den.12818
https://doi.org/10.1111/den.12048
https://doi.org/10.1111/den.13567
https://doi.org/10.1111/den.13567
https://doi.org/10.1111/den.12611
https://doi.org/10.1111/den.12611
https://doi.org/10.1136/bmjopen-2019-033604
https://doi.org/10.1136/bmjopen-2019-033604
https://doi.org/10.1259/bjr.20210389
https://doi.org/10.1259/bjr.20210389

