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Abstract

Background & Aims—Fluoroscopy during endoscopic retrograde cholangiopancreatography 

(ERCP) is increasingly performed by therapeutic endoscopists, many of whom have not received 

formal training in modulating fluoroscopy use to minimize radiation exposure. Exposure to 

ionizing radiation has significant health consequences for patients and endoscopists. We aimed to 

evaluate whether a 20-minute educational intervention for endoscopists would improve use of 

fluoroscopy and decrease ERCP-associated exposure to radiation for patients.

Methods—We collected data from 583 ERCPs, performed in California from June 2010 through 

November 2012; 331 were performed at baseline and 252 following endoscopist education. The 

educational intervention comprised a 20-min video explaining best practices for fluoroscopy, 

coupled with implementation of a formal fluoroscopy time out protocol before the ERCP was 

performed. Our primary outcome was the effect of the educational intervention on direct and 

surrogate markers of patient radiation exposure associated with ERCPs performed by high-volume 

endoscopists (HVEs, 200 or more ERCPs/year) vs low-volume endoscopists (LVEs, fewer than 

200 ERCPs/year).

Results—At baseline, total radiation dose and dose area product were significantly higher for 

LVEs, but there was no significant difference between HVEs and LVEs following education. 

Education was associated with significant reductions in median fluoroscopy time (48% reduction 

for HVEs vs 30% reduction for LVEs), total radiation dose (28% reduction for HVEs vs 52% for 

LVEs) and dose area product (35% reduction for HVEs vs 48% reduction for LVEs). All 

endoscopists significantly increased their use of low magnification and collimation following 

education.
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Conclusions—A 20-minute educational program with emphasis on ideal use of modifiable 

fluoroscopy machine settings results in an immediate and significant reduction in ERCP-

associated patient radiation exposure for low-volume and high-volume endoscopists. Training 

programs should consider radiation education for advanced endoscopy fellows.
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Introduction

Endoscopic retrograde cholangio-pancreatography (ERCP) utilizes endoscopic and 

fluoroscopic guidance for the management of pancreatic and biliary disorders. In the early 

decades of ERCP, radiologists and subsequently radiology technicians performed 

fluoroscopy for the procedures. Over the last two decades, the responsibility for operating 

fluoroscopy during ERCP has increasingly been relegated to endoscopists performing ERCP. 

However, few U.S. endoscopists have received formal training in radiation protection and 

not all U.S. states require endoscopists to undergo formal credentialing in fluoroscopy.1

Fluoroscopy during ERCP exposes patients and endoscopy room personnel to ionizing 

radiation, with potentially harmful health effects. Controlled in vitro and in vivo experiments 

have demonstrated that exposure to high dose ionizing radiation is associated with genomic 

instability and an increased risk of developing some types of cancer.2 Whereas concentrated 

high-dose-rate radiation exposure was previously thought to confer a higher cancer risk than 

low-dose-rate exposure,3 a recent study of nuclear workers chronically exposed to low dose 

radiation indicated a linear increase in cancer mortality with increased exposure to radiation, 

regardless of the dose rate.4 A report from the National Council on Radiation Protection and 

Measurements indicated that in 2006, medical imaging accounted for 48% of the U.S. 

population radiation exposure.5 Computed tomography (CT) scans account for the majority 

of medical imaging related radiation exposure, and an estimated 2% of cancers diagnosed 

annually in the U.S. may be related to radiation exposure from CT scans.6

The radiology community has responded to this concern with an effective multi-pronged 

approach, including establishing appropriateness criteria for ordering CT scans, education of 

its membership with awareness campaigns, and creation of educational websites and 

decision support software.7, 8 The American College of Radiology has created a Dose Index 

Registry to collect radiation dose data from various institutions, allowing them to compare 

their radiation utilization to national averages.9, 10 In addition, several hospitals have 

established institutional CT dose reduction teams, conduct internal audits and utilize low 

dose CT protocols.11

In contrast, the response of the gastroenterology community in minimizing patient radiation 

exposure during ERCP and other endoscopic procedures has been relatively muted. The 

European ERCP society initially suggested a role for continuous education of endoscopists 

and supporting staff.12 The American Society for Gastrointestinal Endoscopy (ASGE) and 

the American College of Gastroenterology subsequently proposed quality indicators for 

ERCP, including the frequency with which fluoroscopy time and radiation dose were 
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documented, and emphasizing that patient radiation exposure during ERCP should adhere to 

the ‘as low as reasonably achievable’ (ALARA) principal.1314 However, there has not been a 

regulatory push in the U.S. to incorporate these proposed quality indicators, or to educate 

endoscopists in minimizing patient radiation exposure during ERCP.

Our group and others have reported significantly lower patient radiation exposure associated 

with ERCP performed by high volume endoscopists, compared to low volume endoscopists.
15, 16 This may be related to high volume endoscopists having greater familiarity with the 

modifiable factors on the fluoroscopy equipment which modulate radiation exposure. As 

these are learnable elements, we postulated that education of endoscopists would result in a 

decrease in patient radiation exposure. We therefore implemented an educational program to 

decrease procedure related radiation exposure at our institution. We created a video 

highlighting best practices related to fluoroscopy use and incorporated a fluoroscopy ‘time 

out’ prior to performing ERCP, to reinforce the main points of the educational video. The 

aim of this study was to prospectively evaluate the impact of providing education to our 

endoscopists on minimizing ERCP-associated patient radiation exposure.

Methods

Participants

ERCPs were performed by 2 high volume endoscopists (HVE) and 7 low volume 

endoscopists (LVE). As with our previous study,15 a cutoff value of <200 ERCPs/year (self-

reported) was chosen to define LVE because fluoroscopy time (FT) has been shown to be 

significantly higher in endoscopists who perform fewer than 200 ERCPs/year.15, 16 As 

required by our institution, all endoscopists held fluoroscopy x-ray supervisor and operator 

permits, issued by the California Department of Public Health. To obtain this permit one 

must pass an examination on biology and physics of radiation exposure, operation of 

fluoroscopy equipment, radiation exposure reduction, and image evaluation. Continuing 

education credits are required for renewal of this permit every three years.

Design

This study utilized a prospective, pre-post intervention design to evaluate the impact of 

endoscopist education on minimizing radiation exposure to patients during ERCP. The study 

was conducted with a pre-intervention phase (Phase I) and a post-intervention phase (Phase 

II) and with two arms, HVE and LVE, which were analyzed separately. The study was 

approved by the Stanford Institutional Review Board (Protocol #21236).

In the pre-intervention phase of the study, all ERCPs performed at our medical center over a 

9-month period were analyzed. Baseline data on radiation parameters for HVE and LVE 

have been described in our previous study.15 Additional baseline data regarding utilization of 

modifiable fluoroscopy image parameters by HVE and LVE were extracted and analyzed for 

this study.

ERCPs performed by both groups of endoscopists over a period of five months in the post-

intervention phase of the study were then analyzed for radiation exposure parameters as well 

as for procedural complexity).17 Advanced endoscopy fellows participated in post-
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intervention procedures performed by HVE only (baseline data were collected before our 

institution’s Advanced endoscopy fellowship program was initiated).

Intervention

Prior to the post-intervention phase of the study, all endoscopists received a 20-minute 

audio-visual educational presentation. This detailed basic radiation physics, the risks of 

radiation exposure, best practices in fluoroscopy, detailed instruction on fluoroscopy 

machine use including ideal settings for modifiable factors which impact on radiation 

exposure, such as fluoroscopy frame rate, image magnification and collimation.15 A 

‘Stanford Fluoroscopy Time-Out’ (Figure 1) was also instituted and verbalized prior to every 

ERCP performed during the post-intervention phase of the study. The fluoroscopy time-out 

included verification of the following elements: (1) everyone was wearing lead protective 

equipment, (2) image intensifier was set as close to the patient as possible, (3) image 

magnification was set to the lowest possible setting, (4) fluoroscopy frame rate was set at the 

lowest possible rate, (5) fluoroscopy image was collimated, and (6) reiteration that the 

fluoroscopy pedal was to be tapped only intermittently, rather than depressed for longer 

intervals.

Procedure

All ERCPs were performed utilizing the same fluoroscopy equipment, a GE Precision 500D 

R&F System (GE Healthcare, Peawaukee, WI), installed in 2009. The fluoroscopy unit is 

equipped with an undercouch x-ray tube and collimator.

Data Collection

Data collected included patient demographics, procedure indication and interventions 

performed, fluoroscopy image and radiation parameters. Various measures of radiation dose 

quantify potential health consequences of exposure. We recorded Fluoroscopy Time (FT), as 

this remains the most widely utilized surrogate measure of radiation exposure. We have 

previously shown that FT is an imperfect surrogate for radiation exposure, given the 

evolution of newer fluoroscopy machines which allow modification of factors that modulate 

radiation dose over the same duration of FT.15 We therefore also included additional direct 

measures of radiation exposure in our analysis. We recorded Total Radiation Dose (TD) 

measured in units of milligray (mGy). Dose Area Product (DAP), measured in Gy-cm2 

[defined as the product of the air kerma (Gy) and the exposed area (cm2)], which provides an 

easily measurable estimate of the total radiation delivered to patients, was recorded as well. 

We calculated Effective Dose (ED), in millisievert (mSv), by converting DAP readings with 

the conversion coefficient 0.26 mSv/(Gy-cm2). ED is a measure of dose distribution which 

allows comparison across different radiological procedures, is frequently used to quantify 

radiation exposure for correlation with health outcomes.18

Utilization of modifiable fluoroscopy image parameters, which are surrogates for awareness 

of and attention to minimizing radiation exposure, was evaluated in both study phases. It was 

assumed that the collimation and magnification settings noted in captured images reflected 

fluoroscopy use patterns. These image parameters include preferential use of collimation 

(defined as use of collimation for >50% of images captured in a given procedure), 
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preferential collection of low magnification images (defined as use of low magnification for 

>50% of images captured in a given procedure) and the number of fluoroscopy images 

captured per procedure. Although frame rate is another modifiable parameter on our 

fluoroscopy machine (with the default frame rate set to 15/second during the study period), 

these data are not saved post-procedure by our fluoroscopy system software and are 

therefore not included in our study.

Outcome Measures

The primary outcomes of interest were patient radiation exposure during ERCP (assessed by 

FT, TD, DAP, and ED), number of fluoroscopy images captured and optimization of 

modifiable fluoroscopy image parameters (collimation and magnification). For all 

parameters, HVE and LVE were analyzed separately, prior to and following education. For 

post-intervention procedures, radiation exposure was evaluated for procedures with and 

without trainee (advanced endoscopy fellow) participation.

Statistical Analysis

Data analysis was performed using Stata statistical software version 13 (StataCorp LP, 

College Station, TX). Statistics for continuous variables are reported as mean ± standard 

deviation or median with interquartile range (IQR), dependent on whether the data 

distribution was parametric. All reported p-values are 2-sided and statistical significance was 

defined as p < 0.05 for all comparisons.

Results

Patient Characteristics

During the study period, 583 ERCPs were performed, 331 during Phase I and 252 during 

Phase II. During Phase I, 76.4% of ERCPs were performed by HVE and 23.5% by LVE. 

There was a small increase in the proportion of ERCPs performed by HVE (85.7%) during 

Phase II of the study. All ERCPs were performed with therapeutic intent, but therapeutic 

intervention was occasionally deemed unnecessary. Indications for ERCP, mean patient age 

and proportion of female patients were similar across both study groups and phases (Table 

1).

ERCP Complexity

HVE performed ERCPs of Complexity Grade 3 or 4 more frequently than LVE in Phase I 

(42.7% vs 15.4%, p<0.001) and in Phase II (38.9% vs 2.8%, p<0.001)(Table 1).

Fluoroscopy Time

In Phase I, median FT for LVE was 5.4 minutes (IQR: 3.5–7.1 minutes) and for HVE was 

6.4 minutes (IQR: 5.5–8.3 minutes) (p=0.0183, Figure 2). Post-education, FT for LVE 

decreased 30%, from 5.4 minutes to 3.8 minutes (IQR: 2.3–5.9 minutes) (p < 0.0001, Figure 

2) and for HVE decreased 48%, from 6.4 minutes to 3.3 minutes (IQR: 1.7–5.5 minutes) (p< 

0.0001, Table 3). There was a significantly higher procedural FT for HVE in comparison to 
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LVE during Phase I of the study, but the difference in FT between HVE and LVE was not 

significant in the post-intervention phase (p=0.3648, Table 3).

Total Dose

In Phase I, median TD for LVE was 98.3 mGy (IQR: 56.4 – 189.9 mGy) and for HVE was 

74.1 mGy (IQR: 42.9–125.1 mGy) (p=0.0183, Table 3). Post-education, TD for LVE 

decreased 52.3% from 98.3 mGy to 46.9 mGy (IQR: 28.6–95.5 mGy) (p=0.0005) and for 

HVE decreased 28.3% from 74.1 mGy to 53.1 mGy (IQR: 27.9–98.8 mGy) (p<0.0001, 

Table 3). There was a significantly higher TD for LVE in comparison to HVE during Phase I 

of the study, but the difference in TD between HVE and LVE was not significant in the post-

intervention phase (p=0.5464, Table 3).

Dose Area Product

In Phase I, median DAP for LVE was 13.9 Gy-cm2 (IQR: 8.8–23.1 Gy-cm2) and for HVE 

was 8.8 Gy-cm2 (IQR: 5.3–14.4 Gy-cm2) (p<0.0001, Table 3). Post-education, DAP for LVE 

decreased 48%, from 13.9 Gy-cm2 to 7.2 Gy-cm2 (IQR: 4.2–9.9 Gy-cm2) (p<0.0001, Table 

3) and for HVE decreased by 35.1% from 8.8 Gy-cm2 to 5.7 Gy-cm2 (IQR: 2.9–10.1 Gy-

cm2) (p< 0.0001, Table 3). There was a significantly higher DAP for LVE in comparison to 

HVE during Phase I of the study, but the difference in DAP between HVE and LVE was not 

significant in the post-intervention phase (p=0.4665, Figure 2).

Effective Dose

In Phase I, median ED for LVE was 3.6 mSv (IQR: 2.3–6.0 mSv) and median ED for HVE 

was 2.3 mSv (IQR: 1.4–3.7 mSv, Table 3). Post-education, ED among LVE decreased 48%, 

from 3.6 mSv to 1.9 mSv (IQR: 1.1–2.6 mSv) (p<0.0001, Table 3) and ED for HVE 

decreased by 35.1% from 2.3 mSv to 1.5 mSv (IQR: 0.8–2.6 mSv) (p< 0.0001, Table 3). 

There was a significantly higher ED for LVE in comparison to HVE during Phase I of the 

study, but the difference in ED between HVE and LVE was not significant in the post-

intervention phase (p=0.4665, Table 3).

Collimation

In Phase I, preferential use of collimation was evident in 21.8% of ERCPs performed by 

LVE and 15.0% performed by HVE (p=0.1599, Table 2). Education had a positive impact in 

both groups, with preferential use of collimation increasing from 21.8% to 52.8% of ERCPs 

for LVE (p=0.0009) and from 15% to 71.8% for HVE (p<0.0001). HVE demonstrated 

preferential use of collimation in significantly more procedures relative to LVE in the post-

intervention phase (p=0.0226).

Magnification

In Phase I, preferential use of low magnification was evident in 20.5% of ERCPs performed 

by LVE and 52.2% performed by HVE (p <0.0001, Table 2). Education had a positive 

impact in both groups, with preferential use of low magnification increasing from 20.5% to 

82.9% of ERCPs for LVE (p<0.0001) and from 52.2% to 74.1% for HVE (p<0.0001). There 
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was no significant difference in preferential use of low magnification between HVE and 

LVE in the post-intervention phase (p=0.2637).

Number of Images

In Phase I, LVE and HVE both captured a median of 6.0 (IQR: 4.0–8.0) digital fluoroscopy 

images per procedure (Table 2). Education had a positive impact in both groups, with LVE 

capturing a median of 4.0 (IQR: 2.5–7.0) images (p=0.0840), and HVE capturing a median 

of 5.0 (IQR: 3.0–7.0) images per ERCP (p<0.0001). There was no significant difference in 

number of images captured per procedure between HVE and LVE in the post-intervention 

phase (p=0.3675).

Trainee Involvement

Advanced endoscopy fellows participated in Phase II procedures under the supervision of 

HVE. There was no significant difference in FT, TD or DAP for procedures with trainee 

involvement compared to those without trainee involvement (Table 4).

Discussion

Over the last three decades, there has been a 6-fold increase in patient radiation exposure in 

the U.S., attributed to increased medical utilization of radiologic investigation and therapy.19 

The long-term risk of radiation exposure due to medical interventions is problematic and it is 

estimated that up to 2% of all cancer may be attributable to radiation from CT scans alone.18 

The overall risk to patients from all sources of medical radiation exposure is therefore likely 

to be higher. There is also an unfortunate lack of awareness about radiation doses and 

associated cancer risk among physicians, including those in subspecialties that perform 

diagnostic studies and therapeutic procedures utilizing radiation.20

Radiation exposure during ERCP should be an issue of increasing importance for the 

endoscopy community, given the increasing number of therapeutic ERCPs performed in the 

last decade.21 However, few U.S. endoscopists have received formal education in radiation 

protection during fellowship training,1 and only a minority of endoscopists receive formal 

instruction in operating the fluoroscopy machine at their hospital of employment.22 HVE 

appear able to circumvent this lack of formal radiation training. We and others have 

previously shown that high endoscopist ERCP volume is associated with lower patient 

radiation exposure.15, 16 However, the majority of ERCPs in the U.S. are unfortunately 

performed by LVE in smaller hospitals.23

Although the radiology community has undertaken several concrete and effective steps to 

minimize patient radiation exposure, only nascent efforts are evolving within the endoscopy 

community. Both U.S. and European endoscopy societies now appear to be recognizing this 

as a problematic issue.24 However, there has been no regulatory push towards formal 

radiation training for endoscopists.23

This combination of regulatory permissiveness and lack of training during fellowship 

continues to result in patients receiving a higher radiation exposure during ERCP than can 

be achieved in the best circumstances. The unrelenting march of technology has mitigated 
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this issue to some extent, resulting in an overall reduction in radiation exposure despite the 

lack of formal radiation training of endoscopists. In 2001, Larkin et al. reported an ED of 

12.4 mSv for therapeutic ERCPs, estimated to confer a lifetime risk of cancer of 1 in 1700.25 

In contrast, our group in 2015 reported approximately 3 fold lower overall ED associated 

with ERCPs performed by LVE and over 5 fold lower in those performed by HVE.15 

Overall, ED associated with ERCPs performed by LVE was 59% higher than those 

performed by HVE. The lower radiation exposure associated with current ERCPs is related 

to technological advances in ERCP accessory devices, which facilitate procedural efficiency 

and to evolution of fluoroscopy machines, which allow minimization of radiation exposure.

A possible explanation contributing to the lower patient radiation exposure associated with 

ERCPs performed by HVE in our prior study,15 is greater utilization by HVE of modifiable 

fluoroscopy machine factors which can minimize radiation for any given fluoroscopy time. 

These modifiable factors include minimization of frame rate, avoidance of continuous 

fluoroscopy in favor of intermittent brief use of fluoroscopy,26 use of low magnification 

imaging and use of collimation.15 The radiation exposure gap between LVE and HVE 

suggests a potential role for endoscopist education, regarding the risks of radiation exposure 

and best practices for fluoroscopy utilization.

Until the present study, it was unclear whether providing education could affect utilization of 

these modifiable factors by endoscopists and result in lower ERCP associated radiation 

exposure. Our results indicate that education of endoscopists on the risks of radiation and on 

implementation of simple measures to minimize radiation exposure results in an immediate 

and significant reduction in patient radiation exposure. The most pronounced decrease in 

radiation exposure after education was noted for LVE (52% reduction in Total Dose). 

However, importantly, a decrease in radiation exposure was also evident for HVE (28% 

reduction in Total Dose), who at baseline already had significantly lower radiation exposure 

than LVE. Our study therefore highlights the value of radiation education for all 

endoscopists across a range of ERCP volumes.

Furthermore, after endoscopist education, no differences were noted between LVE and HVE 

for Total Dose, Dose Area Product, Effective Dose or Fluoroscopy Time (Figure 2). This 

may be partly due to the fact that HVE perform procedures of greater endoscopic and 

fluoroscopic complexity than LVE.

Although advanced endoscopy fellows participated in all post education procedures for 

HVE, and one might hypothesize that trainee involvement would typically result in 

increased radiation exposure, we found no significant difference in radiation exposure 

parameters for procedures with and without trainee involvement. The minimal impact of 

fellow participation on radiation exposure in this study may be explained by our institutional 

emphasis on minimizing radiation use, close attending supervision of fellows, and the 

environment of this study with a ‘Fluoroscopy Time Out’ called out prior to initiating 

procedures in Phase II.

In particular, our study highlights the fact that endoscopists can minimize radiation exposure 

by optimizing modifiable fluoroscopy parameters. Our review of captured images confirms 
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that education was associated with a change in patterns of fluoroscopy use, with increased 

use of collimation and low magnification, both of which are associated with lower radiation 

exposure.27 Although fluoroscopic frame rate data were not captured in this study, one might 

infer that endoscopists were also increasingly attentive to minimizing the frame rate, as 

emphasized in our educational intervention and ‘Fluoroscopy Time Out.’ Using a lower 

frame rate has been shown to have no impact on image quality in gastrointestinal and 

cardiovascular interventions,28, 29 and we suggest that the default frame rate be set as low as 

possible for all endoscopy unit fluoroscopy machines.

Limitations include the fact that this is a single center study. However, our institution is 

unique, in that although it is an academic tertiary care center, it allows high and low volume 

academic and community physicians to use the same endoscopic and fluoroscopic 

equipment and staff for their ERCPs. This allows comparison between LVE and HVE in the 

same environment, thereby eliminating several confounding factors inherent in comparisons 

between these groups across large tertiary care hospitals and community hospitals. Baseline 

data for this study were collected retrospectively to determine radiation exposure associated 

with ERCPs performed by HVE and LVE while avoiding the Hawthorne effect, a 

phenomenon whereby participants modify their behavior due to their awareness of being 

studied. The post-intervention phase of this study is notably susceptible to the Hawthorne 

effect, because endoscopists were aware that their fluoroscopy use patterns would be 

monitored. However, any contribution from the Hawthorn effect to minimization of radiation 

exposure simply emphasizes the positive impact of continuous monitoring in improving 

endoscopist performance, as observed with quality measures such as the adenoma detection 

rate.

In conclusion, although previous studies have indicated that ERCPs performed by LVE are 

associated with higher patient radiation exposure compared to those performed by HVE, this 

is the first study to demonstrate that simple radiation education results in an immediate and 

significant reduction in ERCP associated patient radiation exposure to similar ranges for 

both LVE and HVE. Additionally, we have evaluated direct radiation parameters including 

the Total Dose, Dose Area Product and Effective Dose, which are highly accurate, unlike 

prior studies that have relied solely on Fluoroscopy Time as a surrogate measure of radiation 

exposure. This study indicates a need for all interventional endoscopy programs to strongly 

consider including radiation training for their advanced fellows and indeed for all 

interventional endoscopists. Gastroenterology societies may wish to consider minimization 

of patient radiation exposure as a potential future quality measure for ERCP.
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Figure 1. 
Stanford Fluoroscopy Time-Out placard posted on fluoroscopy machine. Each statement is 

verbalized prior to initiation of ERCP.
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Figure 2. 
Boxplots comparing high-volume endoscopists (2A) and low-volume endoscopists (2B) 

prior to education (Phase I) and following education (Phase II). Radiation exposure 

parameters plotted are fluoroscopy time, total radiation dose and dose area product. Error 

bars span the 25th and 75th percentiles. Whiskers represent 5th and 95th percentiles, dots 

represent outliers.
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Table 2

Fluoroscopy parameters

Phase I Phase II P value

Collimation evident in >50% images

HVE 38 (15.0%) 155 (71.8%) <0.0001

LVE 17 (21.8%) 19 (52.8%) 0.0009

P value 0.1599 0.0226

Magnification Setting at ‘Low’ in >50% images

HVE 132 (52.2%) 160 (74.1%) <0.0001

LVE 16 (20.5%) 29 (82.9%) <0.0001

P value <0.0001 0.2637

Number of Images per procedure

HVE 6.0 (4.0–8.0) 5.0 (3.0–7.0) <0.0001

LVE 6.0 (4.0–8.0) 4.0 (2.5–7.0) 0.0840

P value 0.4820 0.3675

Fluoroscopy Time

HVE 6.4 (5.5–8.3) 3.3 (1.7–5.5) <0.0001

LVE 5.4 (3.5–7.1) 3.8 (2.3–5.9) <0.001

P value <0.0001 0.363
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