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INTRODUCTION: The global needs for a reduction in radiation exposure (RE) are increasing. Endoscopic retrograde

cholangiopancreatography (ERCP) is a significant fluoroscopic procedure in the gastrointestinal field.

However, the actual RE inERCPand its annual trend are still unclear. Therefore,we examined the yearly

trend of RE in ERCP.

METHODS: This retrospective, single-center cohort study included consecutive cases of ERCP from September

2012 to June 2019. We measured the air kerma (AK, mGy), dose area product (DAP, Gycm2), and

fluoroscopy time (FT, min). We also evaluated the annual trend of the RE before and after the

fluoroscopy device update.

RESULTS: In total, 2,174 patients receiving ERCP were enrolled. Among these, the mean age was 74.3 years, and

913 patients were women (42.0%). The median/third quartile values of AK (mGy), DAP (Gycm2), and FT

(min) were 109/234mGy, 13.3/25.8 Gycm2, and 18.2/27.7 minutes. The annual AK, DAP, and FT from

2012 to2019were138,207,173,177,106,71.0,45.0, and33.3mGy;23,21.4,19,18.3,11.9,9.0,

6.8, and 6.4 Gycm2; and 12.5, 12.1, 9.7, 9.8, 8.2, 10.8, 9.4, and 10.3 minutes, respectively. The

corresponding values before and after the update in July 2016 were 177 and 52mGy (P < 0.0001), 19.2

and 7.6 Gycm2 (P < 0.0001), and 10.2, and 9.9 minutes (P5 0.05), respectively.

DISCUSSION: The RE from ERCP tended to decrease every year, especially after fluoroscopy device updates.

Am J Gastroenterol 2020;00:1–6. https://doi.org/10.14309/ajg.0000000000000838

INTRODUCTION
Radiation has offered us significant benefits in medical im-
aging; however, it has also conferred a risk of developing ad-
verse effects as typified by tissue reactions and carcinogenesis
(1,2). The International Commission on Radiological Pro-
tection (ICRP) and the International Atomic Energy Agency
has introduced diagnostic reference levels (DRLs) to optimize
the radiation exposure (RE) from medical imaging (3).
However, the ICRP states the difficulty of applying the DRL
concept to interventional procedures because the RE level
depends on the individual clinical circumstances and the
complexity of the procedure (4).

Endoscopic retrograde cholangiopancreatography (ERCP) is
one of the most popular fluoroscopic procedures in the field of
gastroenterology. In particular, therapeutic ERCP has increased
in recent decades (5). The American Society for Gastrointestinal

Endoscopy recommends applying the fluoroscopy time (FT)
and radiation dose as quality indicators for ERCP (6). The
European Society of Gastrointestinal Endoscopy guidelines
on radiation protection in digestive endoscopy recommend
the establishment of DRLs for ERCP; however, they mention
the small sample size and conclude that “little progress had
been made so far” (7). In addition, we must monitor RE to
reduce it to the lowest level needed to allow a given procedure
to be completed in a safe and timely manner, following the “as
low as reasonably achievable” principle (8). However, RE
depends on several factors, including the difficulty of the
procedure, the systematization or setting of the fluoroscopy
unit, and the awareness of physicians. To date, there are few
reports about the actual RE trend in ERCP and the factors
affecting RE. Therefore, in this study, we examined real data
on RE, its influencing factors, and its annual trend.

1Department of Gastroenterology, Toyonaka Municipal Hospital, Toyonaka, Osaka, Japan; 2Department of Gastroenterology and Internal Medicine, Hayashi
Clinic, Suita, Osaka, Japan; 3Department of Gastroenterology and Hepatology, Kindai University, Faculty of Medicine, Osaka-Sayama, Osaka, Japan;
4Department of Radiology, Kindai University, Faculty of Medicine, Osaka-Sayama, Osaka, Japan. Correspondence: Tsutomu Nishida, MD, PhD.
E-mail: tnishida.gastro@gmail.com.
Received July 14, 2020; accepted August 3, 2020; published online September 14, 2020

© 2020 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

ARTICLE 1

EN
D
O
SC

O
P
Y

https://doi.org/10.14309/ajg.0000000000000838
mailto:tnishida.gastro@gmail.com


MATERIAL AND METHODS
Patients who underwent ERCP at the Toyonaka Municipal Hospital
were consecutively enrolled in this study between September 2012
and June 2019. We had 2 over-tube fluoroscopy devices in the
endoscopy unit; however, one of them could not automatically
output FT information, and therefore, their data were excluded.
All ERCPs were performed with the same fluoroscopy device,
namely, EXAVISTA 17 (Hitachi, Japan). In 2016, in the middle
of the study period, we updated the device with the image pro-
cessing engine from FAiCE-V to FAiCE-V Next Stage 1 (NS1).

We consecutively recorded the air kerma (AK: mGy) and
dose area product (DAP: Gycm2) as the radiation dose and FT
(minutes). We expressed the median and third quartile values of
the radiation dose because regional or national DRLs are set at the
75% percentile of the distribution of a typical sample dose (9).
Then, we evaluated the trend of AK, DAP, and FT by year and
compared these values before and after the fluoroscopy device
update. By using the trend test, we examined the ratio of over 25
Gycm2 in DAP, which was the DRL value of ERCP in German
DRL 2016. This study was conducted in accordance with the

Declaration of Helsinki, and approval was obtained from the
institutional review board (May 11, 2019). This was a retro-
spective study involving personal data that were previously col-
lected and did not require additional recruitment of human
subjects; thus, the need for informed consent was waived through
the opt-out method on our hospital’s website.

Definition of the factors

FT, AK, and DAP were automatically recorded for each procedure
by the fluoroscopy device based on the numerical dose de-
termination method, except for some cases. We divided the study
period into 2 periods: the period before June 2016 and the later
period from July 2016 to June 2019. The image-processing engine
applied the early period: “FAiCE-V” (previous version of the
processing engine, Hitachi, Japan), and the later period was by
“FAiCE-VNS1” (the novel processing engine,Hitachi, Japan). The
basic frame rates in FAiCE-V and FAiCE-VNS-1were 12.5 and6.3
frames/sec, respectively.

Statistical analysis

Continuous variables are expressed as the median and third
quartile. Categorical variables are expressed as the number or fre-
quency. The continuous variables were compared using the
Wilcoxson test and the Dunn multiple comparison test. The cat-
egorical variables were compared using the x2 test or the Fisher
exact test, as appropriate. We used the Cochran-Armitage trend
test to evaluate the trend of the proportion of DAP over 25 Gycm2,
whichwe set as localDRLduring the studyperiod.AP value of 0.05
was considered to indicate statistical significance. All statistical
analyses were performed with the use of JMP software (ver. 14.0.0,
SAS Institute, Cary, NC).

Figure 1. Study flow chart. AK, air kerma; DAP, dose area product; FT,
fluoroscopy time.

Table 1. Median and third quartile values of AK, DAP, and FT from 2012 to 2019

Procedure N

AK (mGy)

Median, third quartile

DAP (Gycm2)

Median, third quartile

FT (min)

Median, third quartile

2012a 93 138, 299

P 5 0.22

23.0, 34.4

P 5 1.0

12.5, 19.0

P 5 1.0

2013a 292 207, 334

P5 1.0

21.4, 36.3

P 5 1.0

12.1, 18.3

P5 0.93

2014a 274 173, 312

P5 1.0

19.0, 30.1

P 5 1.0

9.7, 16.6

P 5 1.0

2015a 274 177, 328

P , 0.0001

18.3, 31.3

P , 0.0001

9.8, 16.6

P5 0.41

2016a 315 106, 215

P , 0.0001

11.9, 21.3

P 5 0.0003

8.2, 14.0

P 5 0.007

2017a 307 71.0, 124

P , 0.0001

9.0, 14.4

P 5 0.0008

10.8, 16.7

P5 0.61

2018a 328 45.0, 79.0

P 5 0.21

6.8, 10.1

P 5 1.0

9.4, 13.8

P 5 1.0

2019 291 33.0, 57.0 6.4, 10.9 10.3, 16.8

AK, air kerma; DAP, dose area product; FT, fluoroscopy time.
aCompared to the next year.
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RESULTS
Patient enrollment and characteristics

A total of 2,778 ERCPs were performed in 1 of 2 over-tube fluo-
roscopy devices during the study period. A total of 604 procedures
were excluded because of unavailable data. Finally, 2,174 ERCPs
were analyzed in this study (Figure 1). Among them, 1,073 and
1,101 ERCPs were performed in the FAiCE-V and FAiCE-VNS-1,
respectively. Themean age was 74.36 11.1 years, and 913 patients
were women (42.0%).

Radiation exposures and FT

The median/third quartile values of AK (mGy), DAP (Gycm2),
and FT (minutes) were 109/234mGy, 13.3/25.8 Gycm2, and 18.2/
27.7 minutes, respectively, among 2,174 ERCPs (Table 1). The
median AK of ERCP in the later period was 52.0 mGy, which was
significantly lower than the 177 mGy in the early period (P ,
0.0001). Similarly, the median DAP in the later period was 7.6
Gycm2, which was significantly lower than the 19.2 Gycm2 in the
early period. There was, however, no significant difference in FT
between the 2 periods (10.2 minutes for the early period and 9.9
min in the later period, P 5 0.05) (Table 2 and Figure 2).

Annual trend of RE from ERCP

The annualmedianAKs from2012 to2019were 138, 207, 173, 177,
106, 71.0, 45.0, and 33.0 mGy, respectively. Similarly, the annual
median DAPs were 23.0, 21.4, 19.0, 18.3, 11.9, 9.0, 6.8, and 6.4

Gycm2, respectively, and the annualmedian FTswere 12.5, 12.1, 9.7,
9.8, 8.2, 10.8, 9.4, and 10.3 minutes, respectively. There were no
significant differences until 2015. After July 2016, when the fluo-
roscopy device was updated, both AK and DAP significantly de-
creased, whereas the corresponding values until 2015 were not
significantly different. The AK and DAP values in 2016 were sig-
nificantly lower than those in 2015 (177 and 106mGy [P, 0.0001],
18.3 and 11.9 Gycm2 [P , 0.0001], respectively); similarly, the AK
and DAP values in 2017 were significantly lower than those in 2016
(106 and 71.0 mGy [P , 0.0001] and 11.9 and 9.0 Gycm2 [P 5
0.0003], respectively). On the other hand, the FT in 2016 was not
significantly different from that in 2015 (9.8 and 8.2 minutes, re-
spectively, P 5 0.41). By contrast, the FT in 2017 significantly in-
creased from that in 2016 (10.8 and 8.2 minutes, respectively, P 5
0.007). In addition, the AK and DAP in 2018 were still significantly
lower than those in 2017 (P, 0.0001 and P5 0.0008, respectively),
whereas the FT in 2018 was not significantly different. Although the
AK,DAP, and FT in 2019were not significantly different from those
in 2018 (P 5 0.21, P 5 1.0, P 5 1.0, respectively), AK and DAP
constantly decreased every year (Figure 3). Next, we evaluated the
trend of the proportion of DAPs over 25 Gycm2. The annual ratios
over 25 Gycm2 for DAPwere 46.2, 42.1, 35.0, 34.7, 18.7, 6.5, 2.4, and
2.4%. There was a significant decreasing trend in DAPs over 25
Gycm2 (P, 0.0001) (Table 3 and Figure 4).

DISCUSSION
The trend of increasing medical RE is a significant concern
throughout societybecauseof its 2 significant adverse effects,which
consist of deterministic and stochastic effects (2,10,11). The ICRP
introduced the DRL concept as being adequate to manage medical
RE, inwhich the value is usually set at the third quartile value (75th
percentile) of a large sample size (12). Almost all diagnostic pro-
cedures have previously set DRLs, but those for endoscopic pro-
cedures underfluoroscopy are still notwell established (13,14). The
European Commission DRL in 2014 set the DAP value of ERCP at
30Gycm2 (15). The GermanDRLwas set in 2016 at 2,500 cGycm2,
which is the same as 25 Gycm2 (16). In mid-2020, the Japan Net-
work for Research and Information on Medical Exposure plans to
release Japan DRL 2020 and to set the DRL value of diagnostic
ERCP at 26 Gycm2 in DAP and that of therapeutic ERCP at 36
Gycm2.We found the third quartile value to be 21.8 Gycm2 in total
and 12.4 Gycm2 in the later period in this study, and these values
seem to be reasonable compared with the above DRLs of ERCP.

RE depends on the fluoroscopy device system or setting and
other factors. In this study, updating thefluoroscopy device in our

Table 2. Median and third quartile values of AK, DAP, and FT in the early period, the later period, and the total period

Procedure N

AK (mGy)

Median, third quartile

DAP (Gycm2)

Median, third quartile

FT (min)

Median, third quartile

Early perioda 1,073 177, 322

P , 0.0001

19.2, 32.6

P , 0.0001

10.2, 17.1

P 5 0.05

Later period 1,101 52.0, 94.0 7.6, 12.4 9.9, 15.5

Total 2,174 94.0, 201 11.7, 21.8 10.1, 16.1

Early period: from Sep 2012 to Jun 2016, FAiCE-V.
Later period: from Jul 2016 to Jun 2019, FAiCE Next Stage 1.
AK, air kerma; DAP, dose area product; FAiCE, Full Automatic Image Control Engine; FT, fluoroscopy time.
aAnalysis between the early and the later period.

Table 3. Annual trend of ERCPs with over 25 Gycm2 in DAP

Year Total number

Ratio of ERCPs with over

25 Gycm2 in DAP (%)

2012 93 46.2

2013 292 42.1

2014 274 35.0

2015 274 34.7

2016 315 18.7

2017 307 6.5

2018 328 2.4

2019 291 2.4

DAP, dose area product; ERCP, endoscopic retrograde
cholangiopancreatography.
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hospital in2016causedtheAKtosignificantlydecrease(177–52mGy,P
, 0.0001). DAP also showed a similar trend (19.2–7.6 Gycm2, P ,
0.0001),while FTdidnot differ (10.2–9.9minutes,P50.05) (Figure 2).
In addition, the third quartile value of the last 3 years after fluoroscopy
update was 12.4 Gycm2, which is almost half that of the early period. The
ERCPs with over 25 Gycm2 in DAP, whose value is the same as the
German DRL, drastically decreased by approximately 40%–2.4%. The
reason the update had such a drastic effect can be explained by the fact
that the novel image-processing engine in the updated unit achieved a

lower frameratewithnoninferior imagequality (17,18). It iswell known
that a lower frame rate or pulsed image reduces the total RE (19–21). In
ourprevious studyon the factors ofRE, thedisease site andNS1,not the
endoscopist experience and native papilla, were the significant factors
(17). Consequently, the annual changes in AK and DAP showed no
significant changes until 2015. After updating thefluoroscopy device in
2016 in July, the basic frame rate was reduced from 12.5 to 6.3 frames/
sec. Subsequently, we observed apparent decreases in AK and DAP,
which could be the strongest factor decreasing RE in this study.

Figure 2. AK, DAP, and FT before and after the fluoroscopy update. AK, air kerma; DAP, dose area product; FT, fluoroscopy time; NS1, Next Stage 1.

Figure 3. Annual trends of AK, DAP, and FT values. AK, air kerma; DAP, dose area product; FT, fluoroscopy time.
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Interestingly, both AK and DAP continually decreased after
the device update, although there was no change in the setting
of the fluoroscopy unit. This can be explained not only by the
device update but also by the other factors. We considered
providing the staff with education regarding the recording of
RE-related parameters on endoscopy reports and RE awareness
to contribute to the continuous decrease in AK and DAP (22).
Education and awareness have been reported as important
factors to reduce RE and protect patients and staff (23–25), but
sufficient awareness is still not common (26,27). Sethi et al. used
a questionnaire survey, which revealed that most endoscopists
(56.6%) had not received training on how to operate a fluo-
roscopy system, although the majority of them (61.6%) had
personally performed fluoroscopy during ERCP (28). In this
study, we believed that the staff in our hospital became much
more aware of the total radiation dose than they were before the
update by reporting the RE dose and discussing whether the RE
of each procedure they participated in was high or low. This
approach had the same effect as the DRL principle: If the dose is
known, then it can be judged as being higher or lower than
ordinary, and this awareness makes the “as low as reasonably
achievable” principle achievable. Awareness and education are
some of the most critical factors for protecting both patients
and staff.

In conclusion, we found that the RE for ERCP tended to
decrease every year in our hospital, whichmay have been caused
by fluoroscopy device updates and by RE education or aware-
ness. Although prompt device updates are not financially
comfortable, RE awareness can be initiated quickly without cost.
Therefore, we have to set nationwide DRLs to establish the DRL
concept in the gastrointestinal field. Currently, we are con-
ducting a prospective multicenter study in Japan (REX-GI
study, UMIN000036525) that will collect actual RE data and
establish national DRLs for interventional procedures in di-
gestive endoscopy (29).
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