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Abstract
Background and objective
Fluoroscopy during endoscopic retrograde cholangiopancreatography (ERCP) is associated with radiation
exposure and related health risks. Either the physician or the radiology technologist can activate fluoroscopy
during ERCP. The aim of this study was to determine if physician-controlled fluoroscopy is associated with
decreased fluoroscopy time, which may correspond to less radiation exposure to patients and staff. 

Methods
We conducted a single-center, retrospective study; data were collected on ERCP performed using physician-
controlled and technologist-controlled fluoroscopy. Fluoroscopy time, procedure complexity level, and
Stanford Fluoroscopy Score were compared between the two groups.

Results
The median fluoroscopy time significantly differed between the two groups with 108 seconds for physician-
controlled and 146 seconds for technologist-controlled procedures (p=0.004). The ratio of median
fluoroscopy time to procedure complexity level was significantly lower in the physician-controlled group at
73.0 seconds compared to 97.0 seconds in the technologist-controlled group (p=0.002). The ratio of median
fluoroscopy time to Stanford Fluoroscopy Score was 25.5 seconds in the physician-controlled group
compared to 39.3 seconds in the technologist-controlled group, which was also statistically significant
(p<0.001). A subgroup analysis of physicians with advanced training in ERCP also showed a significantly
reduced median fluoroscopy time to Stanford Fluoroscopy Complexity Score ratio: 25.5 seconds for
physician-controlled versus 35.0 seconds for technologist-controlled (p=0.001).

Conclusion
The ERCP technique with physician-controlled fluoroscopy may be associated with shorter fluoroscopy time.
This may correspond to decreased radiation exposure to patients compared to radiology technologist-
controlled fluoroscopy. Further investigations with larger, prospective studies are warranted.

Categories: Preventive Medicine, Radiology, Gastroenterology
Keywords: ercp, endoscopic retrograde cholangiopancreatography, radiation exposure, fluoroscopy time, physician,
fluoroscopy intervention, fluoroscopy, ercp complications

Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a diagnostic and therapeutic procedure utilized
in patients with pancreatic and biliary tract diseases. The physician performing the procedure (endoscopist)
uses a fluoroscopic system in order to obtain real-time images that aid in the diagnostic and therapeutic
interventions. The use of fluoroscopy introduces the risks of radiation exposure to the patient and also to
the physician, radiology technologist, nurses, and staff present in the procedure room. The risks of radiation
exposure include the development of cataracts, dermatitis, and cancer [1]. From 1980 to 2006, the per capita
medical radiation exposure in the United States increased six-fold [2]. However, in recent years, radiation
exposure has decreased, which may be due in part to awareness of the radiation dose and efforts to minimize
radiation exposure [2].

Several settings are available to decrease the amount of radiation exposure in an ERCP procedure. Low dose
rate fluoroscopy should be used whenever possible and a pulsed fluoroscopy mode with the lowest frame rate
setting that achieves adequate image quality is advisable [3]. Protective lead aprons and thyroid shields
should be worn by everyone in the procedure room when X-rays are used, and protective lead glasses should
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be used by staff nearest to the patient [4,5]. The patient should be positioned as far away from the X-ray tube
as possible, and collimator blades manually adjusted to only include the area of interest [6]. A recent
multivariate analysis of ERCP suite ergonomics showed that decreasing the distance between endoscopy and
fluoroscopy screens significantly reduces fluoroscopy time [7].

In 2006, the American Society of Gastrointestinal Endoscopy (ASGE) and the American College of
Gastroenterology (ACG) proposed quality indicators for ERCP, which focused on appropriate indications,
technical success, and adverse events. Notably, radiation exposure or an appropriate proxy to measure it was
not included as quality indicators. More recently, including fluoroscopy time as one of these quality
measures has been recommended [8,9]. In 2015, the ASGE and ACG quality indicators were updated, with a
recommendation to measure and document fluoroscopy time [10]. In 2009, the World Gastroenterology
Organisation Global Guideline recommended limiting radiation exposure during all procedures to levels "as
low as reasonably achievable" (ALARA) [11]. According to the International Commission on Radiological
Protection, when fluoroscopy is necessary, the aim should be to complete the procedure in the shortest
duration possible [3].

Monitoring fluoroscopy time has been associated with a reduction in radiation exposure, and any factors
that increase the time of radiation exposure, including fluoroscopy time, will increase the radiation dose and
risks associated with ionizing radiation [3,12]. Multiple factors have been shown to affect fluoroscopy time,
including procedure difficulty, trainee involvement, physician experience, physician endoscopy volume, and
particular therapies [12-16]. A prospective randomized trial showed that time-limited fluoroscopy where X-
ray exposure is limited to three seconds every time the pedal is pushed is associated with 16.4% lower
fluoroscopy time [17]. As radiation exposure to patients increases in the US and worldwide, it is pertinent to
study any variables that may affect radiation exposure, particularly ones that can be modified directly by the
physician.

There exists a linear relationship between fluoroscopy duration and radiation dose, and a reduction in
radiation exposure occurs with the monitoring of fluoroscopy time [5,18,19]. Fluoroscopy time is the most
important factor affecting the radiation dose to the patient [15]. Fluoroscopy is typically controlled by either
the physician via foot pedal or a radiology technologist via hand remote. Both methods of fluoroscopy
control are used in clinical practice; however, the exact prevalence of each is unknown. To our knowledge,
no published studies have directly compared both methods. The aim of this study was to determine if
physician-controlled fluoroscopy is associated with decreased fluoroscopy time. The primary endpoint of
this study was the amount of fluoroscopy time in physician-controlled and technologist-controlled
fluoroscopy during ERCP procedures.

Preliminary results from this study were presented at the 2016 American College of Gastroenterology Annual
Scientific Meeting in Las Vegas, Nevada, October 14-19, 2016 [Presentation: Kakodkar S, Haider A, Hoff RT,
Chi K. Reduced Radiation Exposure with Endoscopist-controlled Fluoroscopy During Endoscopic Retrograde
Cholangiopancreatography (ERCP). 2016 American College of Gastroenterology Annual Scientific Meeting;
October 18, 2016].

Materials And Methods
We conducted a retrospective comparative study, which included adult patients undergoing ERCP procedures
at an independent, community-based 638-bed teaching hospital between January 2011 and February 2015.
Retrospective data were collected from a time period preceding the disclosure of the study to the
participating physicians. Pregnant patients, prisoners, and children were excluded from the analysis. ERCPs
with fellow participation were also excluded in order to reduce variability in fluoroscopy and procedure
length from the analysis. The diagnostic or therapeutic success of the procedure did not affect inclusion in
the study. Data were collected from two groups of patients that made up the study sample: those who
underwent physician-controlled fluoroscopy (cases) and those who had radiology technologist-controlled
fluoroscopy (controls). The cases included one physician with advanced training in ERCP who controlled
fluoroscopy with a foot pedal, while eight physicians, two of whom had advanced training in ERCP, utilized
a technologist to control fluoroscopy. The selection was based on physician preference. All participating
physicians were fellowship-trained gastroenterologists. No physician utilized both technologist and
physician-controlled fluoroscopy. All cases were performed with Pentax Medical Video Duodenoscopes and
mobile C-Arm Fluoroscopy Machines (Model 9800, SN 82-1888, General Electric, Boston, MA). In all cases, a
technologist was present at the bedside to assist in positioning the X-ray machine, if necessary. All radiology
technologists were credentialed and registered by the American Registry of Radiologic Technologists (ARRT)
and the Illinois Emergency Management Agency (IEMA) and had satisfied continuing education
requirements to maintain credentialing.

Advanced training in ERCP was defined as any additional formal training in ERCP beyond a general two-to-
three-year gastroenterology fellowship. Physicians were classified into three groups: low-volume (<50 ERCP
cases/year), moderate-volume (50-200 ERCP cases/year), and high-volume endoscopists (more than 200
ERCP cases/year); this was determined by the average number of ERCPs performed at the study center over a
five-year period. Clinical assessment tools, such as direct observation of procedural skills (DOPS), are not
routinely used at this hospital following the completion of formal training.
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In rare cases, magnification was used, although a majority of ERCPs were performed using the same machine
with identical settings, which were set up by a radiology technologist for all patients in both groups. Lead
drapes on the c-arm and in-ground fluoroscopy were not used. Radiation dosimeters were not used. Radio-
opaque screens between the endoscopist and the fluoroscope were not used. In all cases, fluoroscopy and
endoscopic monitors were positioned next to each other. Fluoroscopy time was not displayed for physicians
or technologists in either group. Time-limited fluoroscopy was not used in any case.

The endoPRO iQ® (PENTAX Medical, Montvale, NJ) electronic medical record was used for extraction of
endoscopy reports, which routinely include fluoroscopy time and procedure time. Fluoroscopy time was
defined as the start of fluoroscopy until the end of fluoroscopy, which was cumulative. The sum of
fluoroscopy time was recorded routinely in the procedure report. Procedure time was defined as the time
from the insertion of the endoscope into the patient’s oropharynx, until the removal of the endoscope.

All procedures were graded on procedural complexity using the procedure complexity level, previously
described by Heyd et al. [15]. Diagnostic and therapeutic procedures performed during ERCP were assigned a
complexity level from 1 to 4, with the higher numbers indicating greater procedure complexity. If the
procedure was completed outside of normal working hours or if the procedure had been attempted
unsuccessfully before, then the level increased by one. Level 1 was assigned for deep cannulation of the bile
duct, biliary stent exchange, or removal. Level 2 was assigned for biliary stone extraction of <10 mm,
treatment of biliary leaks, and treatment of extrahepatic benign and malignant strictures. Level 3 was
assigned for biliary stone extraction of >10 mm, minor papilla cannulation in divisum, removal of internally
migrated biliary stents, intraductal imaging or biopsy or fine-needle aspiration (FNA), management of acute
or recurrent pancreatitis, treatment of pancreatic strictures, removal of mobile pancreatic stones of <5 mm,
treatment of hilar tumors, treatment of benign biliary strictures (hilum and above), and management of
unsuspected sphincter of Oddi dysfunction. Level 4 was assigned for removal of internally migrated
pancreatic stents, intraductal image-guided therapy (e.g., photodynamic therapy, electrohydraulic
lithotripsy), removal of impacted pancreatic stones or stones of >5 mm, removal of intrahepatic stones,
pseudocyst drainage, necrosectomy, ampullectomy, or ERCP after Whipple or Roux-en-Y bariatric surgery.

The Stanford Fluoroscopy Complexity Score was used to account for individual endoscopic interventions
and their contribution to complexity [20]. To calculate this, a score ranging from 1 to 3 was assigned to each
intervention based on typical intervention durations and the summation of these values denoted the final
score [20]. For each procedure, one point was added for the following: ductal cannulation (for each
cannulation device use), sphincterotomy, balloon dilation (for each dilation), brushing, and stone extraction
(with balloon). Two points were given for the following: intraductal biopsy, guidewire and stent placement
(for each stent placement), guidewire placement and choledochoscopy, electrohydraulic lithotripsy, altered
surgical anatomy, mechanical lithotripsy, and stone extraction. Three points were given if mechanical
lithotripsy and stone extraction were performed.

The minimum required sample size of 206 subjects was estimated based on pilot ERCP institutional data in
order to detect a 1.5-minute difference in fluoroscopy time between the physician-controlled group and
technologist-controlled groups. Each group had to include at least 70 patients to achieve 80% power at a
two-sided significance level of 5%. Our study ultimately included 206 subjects.

Demographic and baseline patient factors were presented as mean [± standard deviation (SD)],
median [interquartile range (IQR)], medians [confidence interval, (CI)], and frequencies (%). Comparisons
between the groups for categorical data were done using x2 tests and Fisher's exact tests, and Wilcoxon rank-
sum tests were used for non-parametric continuous data analysis. One-way analysis of variance (ANOVA)
was performed to determine if there was a difference in fluoroscopy time with a particular Stanford
Fluoroscopy Complexity Score (1-5, 6-10, >10). All analyses were performed using SPSS Statistics software
version 22.0 (IBM, Armonk, NY), with the level of significance set at a p-value of 0.05 for all analyses. The
study was approved by the organization’s Institutional Review Board.

Results
A total of 206 patient charts were reviewed, 77 with physician-controlled (cases) and 129 with technologist-
controlled (controls) fluoroscopy (Table 1). The groups did not differ in age and gender. The mean age was
62.8 (±16.6 years) for the cases and 63.8 (±17.3 years) for the controls (p=0.713). Both groups had more
female than male patients with 47 (61%) and 73 (57%) women in the physician-controlled group and
technologist-controlled groups, respectively (p=0.631).
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Physician Number of ERCPs in study ERCP volume Years in practice Advanced training in ERCP

Case 1 77 Medium 14 Yes

Control 1 65 High 16 Yes

Control 2 21 Medium 25 Yes

Control 3 6 Low 30 No

Control 4 4 Medium 6 No

Control 5 1 Low 5 No

Control 6 19 Medium 22 No

Control 7 9 Low 15 No

Control 8 4 Low 22 No

TABLE 1: Experience of physicians
Physicians (endoscopists) performing low-volume ERCP include those with less than 50 cases per year. Medium-volume endoscopists include
those with between 50 and 200 cases per year. High-volume endoscopists include those with more than 200 cases per year. Advanced training in
ERCP refers to any additional formal training in ERCP beyond a two-to-three-year general gastroenterology fellowship

ERCP: endoscopic retrograde cholangiopancreatography

The study outcomes are presented in Table 2. The median fluoroscopy time significantly differed between
the two groups with 108 seconds for physician-controlled and 146 seconds for technologist-controlled
procedures (p=0.004). The difference in procedure time was also statistically significant; physician-
controlled procedures were longer with a median of 2,160 seconds compared to technologist-controlled
procedures, where the median procedure time was 1,950 seconds (p=0.037). Patients in the physician-
controlled group had significantly more complex procedures per the Stanford Fluoroscopy Complexity Score
and significantly more grade 3 procedure complexity levels than the technologist-controlled group (Table 2).
In order to adjust for this difference in procedural complexity, median fluoroscopy time to procedure time
ratio, median fluoroscopy time to procedure complexity level ratio, and median fluoroscopy time to Stanford
Fluoroscopy Score ratios were calculated. The ratio of median fluoroscopy time to procedure time was
significantly different between the two groups with 0.056 in the physician-controlled group compared to
0.082 in the technologist-controlled group (p=0.001). The ratio of median fluoroscopy time to
procedure complexity level was significantly different between the two groups with 73.0 seconds in the
physician-controlled cases compared to 97.0 seconds in the technologist-controlled group (p=0.002). The
ratio of median fluoroscopy time to Stanford Fluoroscopy Complexity Score also significantly differed
between the physician- and technologist-controlled groups with 25.5 seconds in the physician-controlled
group compared to 39.3 seconds in the technologist-controlled group (p<0.001).
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Variables
Physician-controlled
(n=77)

Technologist-controlled
(n=129)

P-value

Fluoroscopy time, seconds, median (CI) 108 (119–176) 146 (158–202) 0.004*

Procedure time, seconds, median (CI) 2,160 (2,428–3,360) 1,950 (2,041–2,595) 0.037*

Stanford Fluoroscopy Complexity Score, n (%)    

1-5 50 (64.9) 108 (83.7) 0.001*

6-10 25 (32.5) 20 (15.5) 0.005*

>10 2 (2.6) – **

Procedure complexity score, n (%)    

0 – 1 (0.8) **

1 30 (39.0) 55 (42.6) 0.604

2 27 (35.1) 59 (45.7) 0.133

3 17 (22.1) 13 (10.1) 0.018*

4 3 (3.9) 1 (0.8) **

Fluoroscopy time/procedure time, median (CI) 0.056 (0.051–0.065) 0.082 (0.084–0.103) 0.001*

Fluoroscopy time/Stanford Fluoroscopy Complexity Score, median
(CI)

25.5 (24.75–37.59) 39.3 (43.49–58.74) <0.001*

Fluoroscopy time/procedure complexity score, median (CI) 73.0 (70.74–118.16) 97.0 (105.68–140.20) 0.002*

TABLE 2: Analysis of outcomes of physician-controlled (n=77) vs. technologist-controlled (n=129)
fluoroscopy
*Statistically significant difference exists between variables; **p-value not calculated, n<5

The Summation Stanford Complexity Score column for technologist-controlled is 128 because one case had a score of 0

CI: confidence interval

A subgroup analysis of physicians with advanced training in ERCP was performed (Table 3). This included
one physician with advanced endoscopy training who controlled fluoroscopy via a pedal (77 charts defined
as cases) and two physicians with advanced endoscopy training who utilized a radiology technologist to
control fluoroscopy (86 charts defined as controls). The physician-controlled group had significantly longer
procedure times: 2,160 seconds vs. 1,620 seconds in the technologist-controlled group (p<0.001). The
physician-controlled group had significantly fewer cases (n=50 vs. n=71 in the technologist-controlled
group) in the Stanford Fluoroscopy Complexity Score of 1-5 range (p=0.026) and significantly more cases in
the 6-10 range (n=25 for cases vs. n=15 for controls; p=0.012). The two groups also significantly differed in
procedure complexity level of 2 (n=27 for physician-controlled vs. n=47 for technologist-controlled;
p=0.012). There was a significant difference in the ratio of median fluoroscopy time to median procedure
time with 0.056 for physician-controlled and 0.086 for technologist-controlled (p<0.001) as well as in the
ratio of median fluoroscopy time to Stanford Fluoroscopy Complexity Score with 25.5 in the physician-
controlled and 35.0 in the technologist-controlled group (p=0.001). A statistically significant difference was
not found between groups with regard to the ratio of median fluoroscopy time to procedure complexity level
(p=0.273).
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Variables Physician-controlled (n=77) Technologist-controlled (n=86) P-value

Fluoroscopy time, seconds, median (CI) 108 (119–176) 131 (135–186) 0.080

Procedure time, seconds, median (CI) 2,160 (2,428–3,360) 1,620 (1,662–2,245) <0.001*

Stanford Fluoroscopy Complexity Score, n (%)    

1-5 50 (64.9) 71 (82.6) 0.010*

6-10 25 (32.5) 15 (17.4) 0.026*

>10 2 (2.6) – **

Procedure complexity score, n (%)    

0 – 1 (1.2) **

1 30 (39.0) 25 (29.1) 0.182

2 27 (35.0) 47 (54.6) 0.012*

3 17 (22.1) 12 (14.0) 0.176

4 3 (3.9) 1 (1.1) **

Fluoroscopy time/procedure time, median (CI) 0.056 (0.051–0.065) 0.086 (0.087–0.111) <0.001*

Fluoroscopy time/Stanford Fluoroscopy Complexity Score, median
(CI)

25.5 (24.75–37.59) 35.0 (37.08–52.58) 0.001*

Fluoroscopy time/procedure complexity score, median (CI) 73.0 (70.74–118.17) 73.0 (80.05–109.13) 0.273

TABLE 3: Analysis of outcomes: advanced training physician-controlled (n=77) vs. technologist-
controlled (n=86) fluoroscopy
*Statistically significant difference exists between variables; **p-value not calculated, n<5

CI: confidence interval

Discussion
Varying estimates exist in the literature regarding the effective radiation dose associated with ERCP. The
lifetime cancer risk after radiation exposure is estimated by the effective dose (ED), measured in sieverts
(Sv), which is based on ionizing dose, type of radiation, and tissue weighting factors. Epidemiological
research has estimated a 10% increase in cancer risk with a lifetime occupational exposure of 1 Sv [21]. A
small study of 20 patients reported a mean ED of 3.1 mSv for a single diagnostic ERCP and 12.4 mSv for a
single therapeutic ERCP, which is associated with a lifetime cancer risk of 1 in 6,700 and 1 in 1,700,
respectively [22]. A larger, more recent study showed a median ED of 2.49 mSv [20]. Though this latter figure
qualifies as low-dose radiation, the risk is stochastic and cumulative. Frequent patients may be exposed to
additional radiation from other radiologic imaging or from multiple ERCPs, which is commonly indicated for
therapeutic procedures. There are comparable risks of fatal cancer for physicians performing ERCP [22].
Every effort should be made to decrease cumulative radiation exposure to patients and staff [23].

In the community hospital setting, the technique of obtaining fluoroscopic imaging during ERCP varies
based on a physician’s prior training and fluoroscopy control preference. There is no published data to
indicate what proportion of physicians control fluoroscopy themselves using a foot pedal.

The present study revealed fluoroscopy time to be shorter when the foot pedal is controlled by the physician
despite longer procedure times. This held true even after adjusting for procedure complexity; the median
fluoroscopy time to procedure complexity level ratio and median fluoroscopy time to Stanford Fluoroscopy
Complexity Score ratio were both significantly less in the physician-controlled fluoroscopy group. In order to
further control for potential differences in technical ability when performing ERCP, we conducted a
subgroup analysis to include only those physicians with advanced endoscopy training and found similar
results. We hypothesize that the reason for the shorter fluoroscopy time is due to fewer communication
delays when the physician is in direct control of stopping fluoroscopy. The practice at our institution is for
the physician to notify the technologist when to start fluoroscopy, usually by the verbal cue, “Fluoro”.
Communication delays may occur when the physician wishes to stop fluoroscopy, which could lead to
unintended additional fluoroscopy time.
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This study has a few limitations. Firstly, we used fluoroscopy time as the sole proxy for radiation dose; a
dosimeter was not used to directly measure radiation exposure. The Society of Interventional Radiology
Safety and Health Committee’s guidelines caution against using fluoroscopy time as the only metric of
radiation dose due to poor correlation with other dose metrics [24]. Studies investigating radiation exposure
during ERCP that have used fluoroscopy time as a metric have assumed a linear relationship to radiation
exposure based on prior studies [5,13,22,25]. Dose area product (DAP) and dose at reference point (DOSERP)
are more direct measures of radiation exposure that take into account other factors not reflected by
fluoroscopy time alone, including patient size and position, geometry and setting of equipment, collimation,
angulation, magnification, the total number of acquisition films obtained, and radiation filtration. Though
fluoroscopy time is not the only determinant of radiation exposure, it has a high correlation (r: >0.9) with
measured patient radiation dose and DAP with more than 90% of ERCP radiation due to fluoroscopy as
opposed to X-ray pictures [16,22]. Kachaamy et al. did show a strong correlation of fluoroscopy time with
DAP and DOSERP; however, there existed variability in DAP and DOSERP not accounted for by fluoroscopy
time at higher radiation doses [26]. It may be prudent to include metrics such as DAP and DOSERP in future
studies investigating this issue.

Our study included a relatively small number of physicians, with one case and eight controls, which may
have affected the results, as variation may occur between physicians regarding the duration of fluoroscopy.
Differences in individual physicians’ practice patterns may contribute to differences observed in fluoroscopy
time. Future studies, with larger numbers of physicians, would be helpful to better control for this variable.
As defined by previously published definitions, all endoscopists except one in this study were considered to
be within the low- or medium-case volume categories. One study associated a case volume below high with
increased fluoroscopy times [14]. This may be useful, as most physicians who perform ERCP are considered to
be low-volume endoscopists. However, this data may not apply to physicians who perform high-volume
ERCP.

Conclusions
In summary, the results of this study suggest that physician-controlled fluoroscopy may be associated with
reduced fluoroscopy time. This is a relatively simple technique to learn and adopt among physicians who are
currently utilizing a technologist to obtain fluoroscopic images. This may result in reduced radiation
exposure to patients and staff. Further studies are necessary to determine how widespread each of the
aforementioned techniques are in clinical practice and if these results are applicable to high-volume
endoscopists in an academic setting.
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