
Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a
common interventional procedure used for more than 40 years
in diagnosis and management of pancreaticobiliary patholo-
gies. By using a specialized side-viewing duodenoscope, the
procedure involves injection of radio-opaque contrast into the
biliary ducts allowing for both visualization of the anatomy
and performance of a variety of therapeutic interventions. Re-
lying heavily on the use of real-time fluoroscopy, ERCP has been
recognized to carry a radiation risk, not only for patients under-
going the procedure but also for physicians performing it [1, 2].
Guidelines have now been developed by the World Gastroente-
rology Organization (in collaboration with the International
Atomic Energy agency, the American Society for Gastrointesti-
nal Endoscopy, as well as the European Society of Digestive

Endoscopy), to ensure that doses of ionizing radiation received
by individuals involved in the procedure are as low as reason-
ably achievable in order to prevent rare but harmful conse-
quences of radiation exposure [3–5]. There is therefore a need
to identify modifiable factors that could help reduce total radia-
tion exposure during ERCPs, and allow for overall safer proce-
dures.

In the past, various factors have been shown to affect the to-
tal radiation dose received by patients and staff during ERCP.
These include: the type of x-ray tube used; distance of person-
nel from the x-ray source; and shielding the body using radio-
protective shields. In addition, time spent during fluoroscopy
has been shown to have a linear relationship to the radiation
dose during ERCP [6]. Therefore, limiting fluoroscopy time (FT)
seems to be a simple way of reducing radiation exposure during
ERCP.

A simple ergonomic measure reduces fluoroscopy time during
ERCP: A multivariate analysis
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ABSTRACT
Background and study aims Endoscopic retrograde cholangio-

pancreatgraphy (ERCP) carries a radiation risk to patients undergo-

ing the procedure and the team performing it. Fluoroscopy time

(FT) has been shown to have a linear relationship with radiation ex-

posure during ERCP. Recent modifications to our ERCP suite design

were felt to impact fluoroscopy time and ergonomics. This multi-

variate analysis was therefore undertaken to investigate these ef-

fects, and to identify and validate various clinical, procedural and

ergonomic factors influencing the total fluoroscopy time during

ERCP. This would better assist clinicians with predicting prolonged

fluoroscopic durations and to undertake relevant precautions ac-

cordingly.

Patients and methods A retrospective analysis of 299 ERCPs per-

formed by 4 endoscopists over an 18-month period, at a single ter-

tiary care center was conducted. All inpatients/outpatients (121

males, 178 females) undergoing ERCP for any clinical indication

from January 2012 to June 2013 in the chosen ERCP suite were in-

cluded in the study. Various predetermined clinical, procedural and

ergonomic factors were obtained via chart review. Univariate analy-

ses identified factors to be included in the multivariate regression

model with FT as the dependent variable.

Results Bringing the endoscopy and fluoroscopy screens next to

each other was associated with a significantly lesser FT than when

the screens were separated further (–1.4min, P=0.026). Other

significant factors associated with a prolonged FT included having

a prior ERCP (+ 1.4min, P=0.031), and more difficult procedures

(+ 4.2min for each level of difficulty, P <0.001). ERCPs performed

by high-volume endoscopists used lesser FT vs. low-volume

endoscopists (–1.82, P =0.015).

Conclusions Our study has identified and validated various fac-

tors that affect the total fluoroscopy time during ERCP. This is

the first study to show that decreasing the distance between the

endoscopy and fluoroscopy screens in the ERCP suite significantly

reduces the total fluoroscopy time, and therefore radiation expo-

sure to patients and staff involved in the procedure.
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Increased interest in this area has also recently led to bench-
marks for FT in ERCP being established in the United States, al-
lowing endoscopists to monitor and improve their own proce-
dure FT over time [7]. In fact, recent recommendations based
on currently available evidence and working party expert con-
sensus suggests that endoscopists should record the time and
dose of fluoroscopy as part of their documentation for every
fluoroscopic session in which they are involved [8]. While
some factors affecting FT, such as fluoroscopy equipment
used, procedure type, and patient characteristics, are non-
modifiable; identification of potentially modifiable factors
would not only allow the endoscopist to predict prolonged
fluoroscopy durations but also to possibly undertake relevant
precautions accordingly.

Recently, the design of one of our ERCP suites was modified
and as a result, the endoscopy and fluoroscopy screens were
placed closer together (▶Fig. 1b) for ergonomic reasons (redu-
cing endoscopists’ need to rotate their head and body to view
both screens). This provided the opportunity to test whether
this specific change would impact the total fluoroscopy time
during each ERCP performed. A multivariate analysis was there-
fore undertaken to investigate these effects, as well as to iden-

tify and validate other clinical & procedural factors associated
with prolonged fluoroscopy time (and thus radiation exposure).

Patients and methods
We performed a retrospective analysis from January 2012 to
June 2013 of all ERCPs performed in 1 of 2 ERCP suites at King-
ston General Hospital which is a tertiary care center in King-
ston, Ontario, Canada. The duration spanned 9 months before
to 9 months after the screen move date (September 2012). All
inpatients/outpatients undergoing ERCPs in this fluoroscopy
suite for any clinical indication were identified using a clinical
endoscopy database. After obtaining appropriate ethics ap-
proval from our institution’s research ethics board, various pre-
determined clinical, procedural and ergonomic factors as well
as fluoroscopy times for each procedure were obtained via
thorough chart review (▶Table 1). All procedures performed
prior to September 2012 were included in the “screens away”
group (endoscopy and fluoroscopy screens located away from
each other); while those performed October 2012 onwards
were included in the “screens together” group.

Data were entered into an Excel file designed for the study,
and imported into IBM SPSS (version 21.0, Armonk, New York,
2012) for statistical analysis. Data were initially analyzed de-
scriptively, and both fluoroscopy time and procedure time
were plotted to assess the underlying distribution. Factors
associated with lengthened FT were then assessed using inde-
pendent samples t-tests for 2-level variables, 1-way ANOVAs
for categorical variables with more than 2 levels, and correla-
tions for the continuous data. Promising factors from the uni-
variate analysis including our primary study factor (screen posi-
tion) were then included in the multivariable linear regression
analysis with FT as the dependent variable (age, sex, prior
ERCP, grade based on difficulty, volume, fellow involvement
and screen distance). Variables were then removed sequentially
using a backward, manual approach, based on the updated P
values at each iteration. Final significance was established at a
P value <0.05 with factors having P values < 0.05 affecting the
fluoroscopy time significantly.

Results
A total of 299 ERCPs were performed on 121 males (40.5%) and
178 females (59.5%) in the selected ERCP suite in the chosen
time frame (▶Table1) (representing approximately 50% of
the total ERCPs performed). The mean fluoroscopy time was
6.67±5.75 min; and the mean procedure time was 33.6 ±
18.19min. Both were reasonably normally distributed, with
only a slight skew to the right for fluoroscopy time.

Most procedures were performed for therapeutic (91.3%)
compared to diagnostic reasons (8.7%). One hundred nineteen
patients (39.8%) had previously had an ERCP, with a previous
sphincterotomy in 99 patients (83.2%). Most procedures were
performed in the left semi-prone position (95.3%). Four endos-
copists performed the ERCPs (3 gastroenterologists, 1 general
surgeon). A gastroenterology fellow (residents in their fifth or
sixth year of post-graduate training in gastroenterology) was

▶ Fig. 1 a ERCP suite with endoscopy/fluoroscopy screens away
(before). b ERCP suite with endoscopy/fluoroscopy screens to-
gether (after).
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▶ Table 1 Patient, clinical and procedural characteristics along with results from the univariate analysis.

Variable No. of ERCPs (%) Mean FT ± SD (min.) P value

Sex

▪ Male
▪ Female

121 (40.5)
178 (59.5)

6.64 ± 5.50
6.71 ± 5.93

0.901

Indication

▪ Diagnostic
▪ Therapeutic

26 (8.7)
273 (91.3)

5.77 ± 3.31
6.73 ± 5.93

0.393

Pre-procedure characteristics

▪ Prior ERCP
– Yes
– No

119 (39.8)
180 (60.2)

7.78 ±7.29
5.97 ± 4.33

0.008

▪ Prior sphincterotomy
– Yes
– No

99 (33.1)
18 (6.0)

7.95 ± 7.50
7.33 ± 7.05

0.745

▪ Prior stent
– Yes
– No

71 (23.7)
226 (75.6)

7.96 ± 7.73
6.28 ± 4.95

0.032

Endoscopists

▪ Endoscopist 1
▪ Endoscopist 2
▪ Endoscopist 3
▪ Endoscopist 4

163 (54.5)
60 (20.1)
37 (12.4)
39 (13)

6.30 ± 5.80
6.92 ±4.20
6.67 ± 5.95
7.95 ± 7.25

0.441

Volume

▪ High
▪ Low

223 (74.6)
76 (25.4)

6.47 ± 5.417
7.33 ± 6.636

0.261

Fellow involved

▪ Yes
▪ No

172 (57.5)
127 (42.5)

7.26 ± 6.67
5.92 ± 4.10

0.046

Patient position

▪ Left semi-prone
▪ Left lateral decubitus

285 (95.3)
14 (4.7)

6.66 ± 5.75
7.17 ± 6.02

0.749

Instruments used

▪ Balloon (extraction)
– Yes
– No

182 (60.9)
117 (39.1)

6.93 ± 5.80
6.23 ± 5.67

0.369

▪ Basket
– Yes
– No

33 (11)
266 (89)

12.56 ± 7.92
5.92 ± 4.98

<0.001

▪ Stone-crusher
– Yes
– No

19 (6.4)
280 (93.6)

14.97 ± 9.88
6.09 ± 4.90

<0.001

▪ Dilator (balloon/rigid)
– Yes
– No

28 (9.4)
271 (90.6)

10.26 ± 5.92
6.32 ± 5.62

<0.001

Sphincterotomies

▪ Yes
▪ No

167 (55.9)
132 (44.1)

6.09 ± 4.39
7.45 ± 7.06

0.042
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involved in 172 cases (57.5%). Most procedures (74.7%) were
considered grade 1 on a validated 3 point scale of difficulty (1:
least difficult, 2: moderately difficult, and 3: most difficult)
[22]. A total of 160 procedures (53.5%) had been performed
with the screens away from each other, whereas 139 proce-
dures (46.5%) had the screens placed next to each other.

A total of 10 cases (3.3%) encountered some sort of an ad-
verse event (hemodynamic instability or minor to moderate
bleeding requiring epinephrine injections, balloon tamponade

or clip application). Multiple instruments (including extraction
balloons, baskets, stone-crushers, balloon/rigid dilators,
snares, needle knives etc.) were identified as having been used
in the procedures depending on the cases and the pathologies
identified.

In the univariate analysis, a strong positive correlation was
found between fluoroscopy time (FT) and procedure time (r =
0.693, P<0.001). Mean FT was found to be prolonged in cases
with prior ERCPs (7.78min, P=0.008); fellow involvement (7.26

▶ Table 1 (Continuation)

Variable No. of ERCPs (%) Mean FT ± SD (min.) P value

Stents

▪ Inserted?
– Yes
– No

121 (40.5)
178 (59.5)

8.26 ± 6.90
5.57 ± 4.54

<0.001

▪ Number
– 1 stent
– >1 stent

111 (91.7)
10 (8.2)

8.13 ± 7.05
8.37 ± 5.34

0.822

▪ Cytology brushings
– Yes
– No

33 (11.0)
265 (88.6)

6.83 ± 3.98
6.66 ± 5.95

0.874

Stones

▪ Present
– Yes
– No

128 (42.8)
171 (57.2)

7.84 ± 6.36
5.62 ± 4.68

0.001

▪ Total
– 1 stone
– 2 stones
– 3 stones
– 4 or more

58 (45.3)
14 (10.9)
14 (10.9)
42 (32.8)

6.59 ± 6.84
8.34 ± 5.23
9.15 ± 6.65
8.96 ± 5.79

0.240

▪ Size
– Small
– Moderate
– Large

71 (55.5)
13 (10.2)
44 (34.4)

5.73 ± 3.93
6.80 ± 4.03

11.55 ± 8.25

<0.001

▪ Location
– CBD
– Other (including L/R hepatic, common hepatic & cystic)

117 (91.4)
11 (8.6)

7.49 ± 6.22
11.57 ± 6.99

0.042

▪ Successfully removed
– Yes
– No

107 (83.6)
21 (16.4)

7.00 ± 5.15
12.14 ± 9.64

0.001

Adverse event(s)

▪ Yes
▪ No

10 (3.3)
289 (96.7)

9.29 ± 8.04
6.09 ± 4.97

<0.001

Grade (based on difficulty)

▪ Least difficult (1)
▪ Moderately difficult (2)
▪ Most difficult (3)

204 (74.7)
47 (17.2)
22 (8.1)

5.39 ± 4.34
9.50 ± 6.14

14.08 ± 9.65

<0.001

Screen distance

▪ Away
▪ Close

160 (53.5)
139 (46.5)

7.08 ± 6.58
6.23 ± 4.60

0.194

ERCP, endoscopic retrograde cholangiopancreatography; FT, fluoroscopy time; CBD, common bile duct
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min, P=0.046); use of basket (12.56min, P<0.001), stone-
crushers (14.97min, P<0.001), balloon/rigid dilators (10.26
min, P < 0.001), stents (8.26min, P<0.001); stones (7.84min,
P =0.002), and procedures with adverse event(s) (9.29min, P <
0.001). Large stones had a significantly greater FT than small or
moderate-size stones [F(2,125=13.879, P<0.001].

After controlling for confounding factors and interactions,
the multivariable regression analysis demonstrated that pla-
cing the endoscopy and fluoroscopy screens next to each other
was associated with a significantly lesser FT than when the
screens were away (–1.4min, P=0.026). Other significant pre-
dictors associated with a prolonged FT included those with
prior ERCPs (+ 1.4min, P=0.031) and the grade of procedural
difficulty (+ 4.2min for each grade of difficulty, P<0.001).
Endoscopists performing high-volume endoscopies had short-
er fluoroscopy times compared to low-volume endoscopists
(–1.82 mins, P=0.015) (▶Table 2).

Discussion
In our study, various factors were identified as affecting the to-
tal fluoroscopy duration (and therefore the total radiation re-
ceived) during ERCP, validating the results from research in the
past. However, based on our multivariate analysis, we also con-
cluded that a simple ergonomic modification in the ERCP suite
made by reducing the distance between the endoscopy and
fluoroscopy screens, significantly reduces the fluoroscopy
time during the procedure. Prior to making these modifica-
tions, the endoscopy and fluoroscopy screens in our ERCP suite
were located away from each other (▶Fig. 1 a; distance be-
tween the centers of both screens =130cm). As a result, the
endoscopists found themselves having to constantly move their
heads in order to switch views between the 2 screens, which
not only affected overall body positioning but also risked scope
positioning. Even though not formally tested in this study, we
believe that bringing the screens together (▶Fig. 1b; new dis-

tance between the centers of both screens =70cm) narrows the
endoscopists’ field of vision leading to decreased head/body
movements; improved simultaneous visualization of both ima-
ges; and therefore better stability with the scope. This may
therefore allow for more successful procedures, and based on
our results, decrease fluoroscopy times and lower radiation
risk to both patients and staff involved in the procedure. It
may seem obvious to assume that the endoscopy and fluoro-
scopy screens would be placed next to each other in most
endoscopy suites; however, in the absence of any formal re-
commendations, we found a great deal of variability in the de-
signs of ERCP suites, specifically screen positioning, via an in-
formal survey conducted across many North American institu-
tions.

Currently, there are no formal guidelines on the ergonomics
of endoscopy; however, certain recommendations have pre-
viously been extrapolated from the laparoscopic surgery and
general ergonomics literature to minimize musculoskeletal
complaints and overuse injury of endoscopists [9]. Specifically,
recommendations to position the endoscopy and fluoroscopy
monitors somewhere directly in front of the endoscopist, with
monitor height just at or below eye level, as well as having the
examination table at or below the elbow height, have been re-
commended. No recommendations with regards to exact
screen positioning have been made and no ergonomic modifi-
cations have ever been shown to affect fluoroscopy time in the
past. While acknowledging the need for further research in er-
gonomics in gastrointestinal endoscopy [10], the ASGE (Amer-
ican Society for Gastrointestinal Endoscopy) in their evaluation
report highlight that methods to limit patients and staff expo-
sure to fluoroscopy are paramount to maintaining a safe work
environment. Bringing the screens right next to each other,
and directly in front of the endoscopists’ view, would not only
reduce fluoroscopy times, but also allow for compliance with
previous recommendations.

▶ Table 2 Results of multivariate analysis.

Factors Model with selected variables from univariate analysis Final model

β (95% CI) P-value β (95% CI) P value

Constant 1.5 (–2.3, 5.4) 0.432 4.04 (1.5, 6.6) 0.002

Age 0.02 (–0.01, 0.06) 0.180

Sex 0.11 (–1.15, 1.36) 0.867

Prior ERCP 1.4 (0.12, 2.68) 0.032 1.4 (0.12, 2.67) 0.031

Grade based on difficulty 4.2 (3.12, 5.2) < 0.001 4.2 (3.2, 5.2) < 0.001

Volume –1.75 (–3.2,– 0.28) 0.019 –1.82 (–3.29,–0.36) 0.015

Fellow involved 1.22 (–0.06, 2.48) 0.061

Screen distance close –1.27 (–2.54, 0.006) 0.051 –1.4 (–2.64,– 0.16) 0.026

Variables were removed sequentially using a backward, manual approach in the following order based on updated p-values with each iteration: sex, age and fellow
involved.
Final model adjusted r2 = 0.232, F = 21.6, P <0.001
ERCP, endoscopic retrograde cholangiopancreatography
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Retrospective research in the past has established various
factors that directly affect the total radiation dose received by
personnel during ERCP and other fluoroscopic procedures.
These factors include: the type of x-ray tube used (over-couch
C-arm units vs. under-couch units) [11] ; mobile vs. stationary
x-rays [12]; distance of personnel from the x-ray source [11,
12]; use of radio-protective shields to shield the body [13, 14];
and total time spent in fluoroscopy during the procedure (a col-
linear relationship)[1]. In addition, fluoroscopy time during
ERCP has recently been shown to be affected by several factors
including: type of fluoroscopy used (pulsed vs. continuous vs.
time limited) [15–17]; indication for ERCP (diagnostic vs. ther-
apeutic); physician education and experience [18, 19]; altered
anatomy; and various procedure-specific factors including
stent insertion, lithotripsy, taking biopsies, and use of instru-
ments [20]. Moreover, an observational prospective study
from Greece identified multiple clinical factors that were found
to prolong total fluoroscopy time during ERCP. These clinical
factors included: choledocholithiasis, multiple CBD stones,
stone size > 10mm, needle-knife papillotomy, presence of peri-
ampullary diverticulum and mechanical lithotripsy [21]. How-
ever, this study was performed by a single endoscopist, which
limits the overall generalizability of the findings.

In our cohort of patients, various procedural factors deter-
mined the grade of procedural difficulty such as difficult/failed
cannulations, failed stone retrieval, difficult stent insertions,
patient non-compliance, and distorted anatomy secondary to
prior surgeries. As expected, the multivariate analysis found
that the grade of procedural difficulty was associated with pro-
longed fluoroscopy times (FT). Difficulty of procedures was
based on the widely used and validated ERCP difficulty grading
scale by Cotton et. al. [22]. Grade 3 procedures (most difficult)
had the highest fluoroscopy time (an additional 12.6 mins), fol-
lowed by the moderately difficult grade 2 procedures (addition-
al 8.4 mins of fluoroscopy time). Grade 1 procedures (least dif-
ficult) had the lowest fluoroscopy time. Even though grade of
difficulty as a predictor of fluoroscopy time, would be consid-
ered a non-modifiable factor, anticipating prolonged fluorosco-
py times in ERCPs that are going to be technically difficult such
as cases involving removal of larger CBD stones, intrahepatic
stones, or patients with Billroth II anatomy, would not only al-
low for a more informed consent about potential radiation risks
but would also allow the endoscopist and ERCP personnel to
take relevant precautions accordingly.

Using instruments such as baskets, stone-crushers, and bal-
loon/rigid dilators in the common bile duct significantly in-
creased the FT, as did presence of stones. Interestingly having
multiple stones did not increase the FT, primarily because most
of these stones were small and easily removed with 1 to 2 bas-
ket sweeps without adding to the FT. Having a prior sphincter-
otomy was not associated with longer FTs, most likely due to
easier cannulation of the papilla. Patients with prior ERCPs
were found to have longer FT than those who were ERCP-naïve,
and this maintained significance in the final regression analysis.
This was most likely because most ERCPs in these patients were
performed for non-functioning stents, requiring removal and

reinsertion of newer stents, thereby prolonging both the proce-
dure and FT.

Our study did have some limitations. It was retrospective
and performed in an endoscopy suite at a single tertiary center.
The volume of ERCPs performed in the chosen endoscopy suite
may not have accurately reflected the overall volume of proce-
dures performed at our center. However, the significant de-
crease in fluoroscopy time/exposure achieved by simply mov-
ing the endoscopy and fluoroscopy screens together cannot
be ignored. In addition, even though a retrospective study has
its drawbacks, we feel that performing this study prospectively
may well have modified the endoscopists’ behavior and con-
founding may have occurred due to the Hawthorne effect.

Conclusion
Recently, there has been a lot of interest generated by research
in the field of fluoroscopy duration during ERCP, due to the
associated radiation risks to both patients as well as the endos-
copy staff involved in the procedure [8, 23]. While being aware
of the clinical factors affecting fluoroscopy time during ERCP
such as the presence of stones or having a stricture does hold
some merit, these factors are for the most part non-modifiable.
Therefore, one needs to search for other means to reduce radia-
tion exposure during ERCP, and a simple ergonomic change by
reducing the distance between two screens in the endoscopy
suite is an easily achievable alternative. Currently, sample fra-
meworks for endoscopy suite designs are available, yet there is
no established standard in that regard in either Canada or the
United States. This is the first study to show that decreasing
the distance between the fluoroscopy and endoscopy screens
in the ERCP suite significantly reduces FT during the procedure.
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