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Abstract
AIM: To determine whether fluoroscope time is a good predictor of patient radiation exposure during endoscopic retrograde cholangiopancreatography.

METHODS: This is a prospective observational study of consecutive patients undergoing endoscopic retrograde cholangiopancreatography in a tertiary care setting. Data related to radiation exposure were collected. The following measures were obtained: Fluoroscopy time (FT), dose area product (DAP) and dose at reference point (DOSERP). Coefficients of determination were calculated to analyze the correlation between FT, DAP and DOSRP. Agreement between FT and DAP/DOSRP was assessed using Bland Altman plots.

RESULTS: Four hundred sixty-three data sets were obtained. Fluoroscopy time average was 7.3 min. Fluoroscopy related radiation accounted for 86% of the total DAP while acquisition films related radiation accounted for 14% of the DAP. For any given FT there are wide ranges of DAP and DOSERP and the variability in both increases as fluoroscopy time increases. The coefficient of determination (R squared) on the non transformed data for DAP and DOSERP versus FT were respectively 0.416 and 0.554. While fluoroscopy use was the largest contributor to patient radiation exposure during endoscopic retrograde cholangiography (ERCP), there is a wide variability in DAP and DOSERP that is not accounted for by FT. DAP and DOSERP increase in variability as FT increases. This translates into poor accuracy of FT in predicting DAP and DOSERP at higher radiation doses. 

CONCLUSION: DAP and DOSERP in addition to FT should be adopted as new ERCP quality measures to estimate patient radiation exposure.
[bookmark: OLE_LINK7]
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK49][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Core tip: Endoscopic retrograde cholangiography (ERCP) performance requires endoscopic skills and the use of fluoroscopy with inherent patient and staff radiation exposure. Current ERCP quality measures do not include any measures of radiation. There has been a suggestion to include fluoroscopy time as a radiation quality measure in ERCP. This article provides data on the strength of correlation between fluoroscopy time and more direct measures of radiation exposure such as dose area product and dose at reference point. It also provides a recommendation to include all three measures as quality measures for ERCP. The article presents important principles to achieve the As Low As Reasonable Achievable radiation doses during ERCP.
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INTRODUCTION
Endoscopic retrograde cholangiography (ERCP) is one the most resource intensive complex endoscopic procedures routinely performed. It requires in addition to endoscopic skills the ability to interpret radiologic images in real time. It is also the one with the highest risk. The American Society for Gastrointestinal Endoscopy (ASGE) and the American College of Gastroenterology (ACG) established a task force in 2006 to create quality metrics for endoscopy including ERCP. The quality measures proposed for ERCP are listed in Table 1 and are designed to represent measurable endpoints indicative of high quality care[1].
The use of fluoroscopy inherent to ERCP results in patients and staff radiation exposure. Since publication of the 2006 guidelines, fluoroscopy time has been proposed as a potential quality metric to add to the original quality measures which did not include a measure of radiation exposure[2]. Radiation exposure in the United States and worldwide have been increasing significantly[3]. Radiation doses to patients and staff during ERCP can be similar to other interventional radiologic procedures[4,5]. While the effects of radiation from one ERCP are unlikely to have any negative effects on patients’ health, the cumulative effects of multiple radiologic procedures including ERCPs can be detrimental. A recent study suggested that radiation doses during ERCP may have declined in recent years partly due to better equipment and partly due to the experience gained in ERCP[6]. We believe that measures of radiation exposure during ERCP need to be included as quality indicators. Good measures should be accurate and easily measured. They should be comparable across centers to compare performance and be included in quality improvement projects. They can help endoscopists become more cognizant of their radiation use and in time reduce patient and staff radiation exposure. The ideal measures would also be comparable to measures in other radiologic procedures as we envision a patient specific radiation exposure measure and ways to minimize radiation exposure as one of the future goals of the healthcare system. Fluoroscopy time has been proposed to be used as a quality measure for ERCP, however, fluoroscopy time is but one of several factors that determine radiation exposure may not be the most accurate surrogate marker and has its limitations. In fact guidelines for patient radiation dose management from the society of interventional radiology recommend that fluoroscopy time be used with caution to monitor patient radiation doses because of poor correlation with other dose metrics)[7]. This article attempts to define an evidence based quality measure of patient radiation exposure specific to ERCP.
When X-ray energy is absorbed by tissue an electrical charge is produced. In the international system of units (SI) this is measured in Grays. 1 Gray = 1 J/kg. Because different tissues absorb radiation differently the energy produced is tissue dependant. The radiation dose absorbed in humans is measured in rems (radiation equivalent in men) the unit of which in the SI is Sieverts (Sv)[8]. Ionization can cause DNA damage. There are many different forms of radiation related injuries including stochastic and deterministic injuries. In stochastic the probability of an event is related to the amount of exposure but the severity is not; such is the case in cancer induction. Deterministic injuries occur after a certain threshold is reached; an example would be skin related burns [6]. In stochastic injuries there is no amount of radiation which does not lead to possible injury and thus the concept of linear-no-threshold model of radiation exposure. A consequence of this model is the evolution of the concept of using radiation doses as low as reasonably achievable to perform the task or study (ALARA principle). A simplistic estimate of radiation risk from epidemiologic studies suggest that a lifetime exposure to 1 Sv increases the cancer risk by 10% and cancer mortality by 5%[9]. For reference a CT scan exposes the patient to around 10 mSv and translates to an increase by one cancer in every 1000 CT scans. There are many measures of radiation exposure that can be used. Dose Area Product (DAP) is the product of the dose absorbed and the area irradiated and is expressed in Gy square cm. It is an estimation of the entire dose of radiation that the patient receives and is thought to correlate the with long term biologic risk from radiation or stochastic injury. Dose at the reference point (DOSERP) is another measure used and is the dose of radiation delivered to a specific point in space which is, unless otherwise specified, along the central ray 15 cm from the isocenter toward the X-ray tube. DOSERP is relevant to skin injury and deterministic injury. Both can be easily measured by detectors installed on the fluoroscopy unit and the results can be made to be automatically included in reports and transmitted to a database. Because of the ease of measurement, fluoroscopy time has been used as a measure of radiation exposure in ERCP. The assumptions are that FT is a good indicator of radiation exposure and their relationship is linear. However, FT is just one of several factors that determine radiation exposure. These factors include acquisition (spot) films, fluoroscopy pulse rate, patient distance from the x-ray tube, use of oblique imaging, magnification and patient body mass index (BMI). In fact, multiple studies of non-GI interventional radiologic procedures have found FT to be a poor predictor of patient radiation doses such as interventional radiology societies caution against relying exclusively on FT as a measure for patient radiation exposure[5,7,10-12].

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
A part of an ongoing quality initiative we prospectively collected data from all ERCPs performed in our tertiary care center from January 2012 until June 2013. The following information was obtained: Dose area product (DAP) in milligray meter squared, radiation dose of the reference point in Gray (Gy) DOSERP and fluoroscopy time (FT). DAP and DOSERP data were divided into total, fluoroscopy related and spot films acquisition related: DAPt, DAPf, DAPa, DOSERPt, DOSERPf and DOSERPa respectively. The fluoroscopy unit used was a Siemens unit with the following model and settings: Model – Artis zee multi-purpose stand, Software – VC14J, Detector – Flat panel, Pulse per second – 3 PPS for Fluoroscopy, kVp – 125 kVp for fluoro and 120 kVp for spots (maximum) and mA – 800 mA for fluoro (maximum). 0.1 mm Copper filtration was used in addition to the standard filtration. Radiation meters permanently installed on the fluoroscopy unit provided DAP and DOSRP measurements. Scatter plots were generated. Coefficients of variation were determined on both the transformed and non transformed data. Bland Altman plots were obtained. Statistical analysis was performed using SPSS. The study was exempt from review of the institutional because the data was collected without patient identifiers. 
All procedures were performed by three experienced therapeutic endoscopists with the possible involvement of a 4th year advanced endoscopy fellow. Procedures were done in the prone position under general anesthesia. Olympus endoscopic equipment and Boston Scientific short wire rapid exchange accessories were used. 

RESULTS
Four hundred sixty-three data sets were obtained. ERCPs were performed by three different attendings.A fellow was involved in approximately 60% of the procedures. The radiation data mean and ranges are shown in Table 2. Fluoroscopy time average was 7.3 min. Fluoroscopy related radiation accounted for 86% of the total DAP while acquisition films related radiation accounted for 14% of the DAP. Every acquisition film was equivalent to approximately 15 seconds of fluoroscopy time (data obtained from a sample of the total data). 
Scatter plots for DAP and DOSERP as a function of FT are shown in Figure 1. The scatter plot show that for any given FT there are wide ranges of DAP and DOSERP and the variability in both increases as fluoroscopy time increases. This is confirmed by the Bland Altman plots where a significant proportional bias was seen and increased as FT increased (Figure 2). The coefficient of variation (R) for DAP versus fluoroscopy time was 0.645. The coefficient of determination (R squared) on the non transformed data for DAP and DOSERP versus FT were respectively 0.416 and 0.554. A better linear relationship was found using the log transformed data and the coefficient of variation were 0.66 and 0.69. Data on magnification were available on 183 patients. Changes in magnification accounted for only 6% of the variability in DAP and DOSERP. 

DISCUSSION
The use of fluoroscopy is inherent to ERCP. Since the quality measures proposed by the joint ASGE/ACG task force there has been proposal to include fluoroscopy time as a additional quality indicator to monitor and improve on patient radiation exposure during ERCP[2] . In addition, most studies which looked at patient radiation exposure during ERCP in the past relied on FT. For example a study which looked at factors associated with increased patient exposure used FT as a measure of radiation exposure[13]. Another study which found that radiation exposure during ERCP was lower when providers with more experience performed the procedure used FT as the outcome measured[14]. Other studies looked at the critical determinant of fluoroscopy duration, the effect of training on fluoroscopy duration and the effect of time limited fluoroscopy[15-17]. One very large study which looked at the experience of the endoscopist and “radiation exposure” in ERCP found that more experienced endoscopist used less fluoroscopy time. These studies assumed that radiation exposure strongly correlated with FT[15]. Prior studies which looked at the relationship between DAP and FT had a small number of patients 20, 73 and 54 patients[4,18,19]. A recent study found no correlation between DAP and FT or total number of films taken[20]. A large study which reported fluoroscopy time, DAP and DOSERP found a strong but “not perfect” with an r = 0.728[6]. Our data shows that fluoroscopy use is the largest contributor to patient radiation exposure during ERCP. While there is a good correlation between DAP, DOSERP and FT, there is a wide variability in DAP and DOSERP that is not accounted for by FT. DAP and DOSERP increase in variability as FT increases, and this translates into poor accuracy of FT in predicting DAP and DOSERP where it matters most i.e. at higher radiation doses. Thus, while there is a correlation between FT and exposure, the correlation is not accurate resulting in both under and overestimations of radiation dose if FT were relied upon alone.
DAP and DOSERP reflect multiple other factors not reflected by FT including the patient size and position, the geometry and setting of the fluoroscopy equipment, collimation, angulation, magnification, total number of acquisition films obtained, and radiation filtration. While some factors such as patient size are not controllable by the endoscopist many are modifiable. Some factors can be modified a priori and for all procedures like the equipment settings including pulse per second and filtration. For example changing the pulse rate on the machine from 15 to 3 can decrease patient radiation doses fivefold. This will not be reflected in FT. Copper filtration will filter radiation to the patient which does not contribute to the quality of the patient and thus decreasing patient radiation exposure without significantly affecting the quality of the image[21]. Some ways to decrease radiation exposure require meticulous attention at the beginning of the procedure like the patient and detector position (Figure 3).
Others ways to decrease radiation doses need behavior modification during the procedure: For instance using last image save instead of acquisition films and using magnification only when it helps significantly in the task being performed and reverting back to the lowest needed magnification once the higher resolution is no longer needed. That being said, in our study magnification had a small effect on total exposure and we believe that the magnification relationship to total radiation exposure is more complex than the obvious. While there is no doubt that magnification increases the amount of radiation per unit time delivered to a point in space, it may involve a smaller radiation field and thus the effect on DAP is complex. In addition, if magnification allows the faster performance of the needed task it might decrease fluoroscopy time with the end result being less radiation than what would be expected purely from magnification. This might explain why magnification was only responsible for 6% of the variation in our data. We would like to emphasize however that magnification does not always lead to better visualization especially if multiple magnification factors are used as the image can become more blurred at higher magnification. This can happen because magnification can alter the focus of the radiation beam on the detector. Suggestions to help the endoscopist follow the ALARA principles are listed in Table 3. 
There are additional benefits for using more direct measures of radiation exposure such as DAP and DOSERP over FT. They are comparable among centers and can be used to establish useful benchmarks for quality improvement. They are also comparable to measures obtained during other imaging procedures and interventional radiologic procedure making a patient centered cumulative radiation measure possible. They will also help the endoscopist collaborate with the radiology department to identify ways to decrease patient and staff radiation exposure beyond just looking at FT. DAP and DOSERP have their limitations. For example they both ignore the radiation delivered to the patient as a result of backscatter. While DOSERP is a good estimate of the skin dose delivered to the patient, the best estimate of skin injury would be the peak skin dose (PSD). PSD represents the highest level of radiation that any part of the skin receives. PSD however is very difficult to measure or determine. Both DAP and DOSERP are easily measured and the values collected can be automated making quality improvement projects easier to implement. In addition current FDA guidelines require any new fluoroscopic unit installed in the United States to have the capability of measuring radiation exposure making this type of quality measure eventually possible for all endoscopists using fluoroscopy. The uncertainties in these measures are currently estimated to be + or -50% for DOSERP and +130% to -70% for FT. DAP uncertainty in measurement is in between these values. While none of these measures are highly accurate in determining the exact amount of radiation exposure, FT is the least accurate[20]. For the above reasons, we believe it is time for endoscopists performing ERCP on regular basis to join other fluoroscopy based disciplines in monitoring their patient radiation exposure by incorporating DAP and DOSERP measurements in addition to FT as part of their quality measures. 
Patient radiation exposure is increasing in the United States and worldwide. Patient radiation exposure during ERCP can be similar to other interventional radiologic procedures. Quality measures reflecting patient radiation exposure during ERCP are needed. Based on the above data, we recommend adopting DAP and DOSERP in addition to FT as new ERCP quality measures to estimate patient radiation exposure.

COMMENTS
Background
Endoscopic retrograde cholangiography (ERCP) is one of the most complicated gastrointestinal procedures routinely performed. It requires in addition to endoscopic skills the use of fluoroscopy with inherent patient and staff radiation exposure. Quality measures were proposed in 2006 by a joint the American Society of Gastrointestinal endoscopy and the American College of Gastroenterology task force but did not include any measures of radiation. Since the publication of these quality measures fluoroscopy time has been proposed to be added as a measure reflecting patient radiation exposure.

Research frontiers
Studies of fluoroscopy time correlation with patient radiation exposure during ERCP are small. Interventional radiology and cardiology literature suggest that fluoroscopy time is an inaccurate measure of radiation exposure. Well designed large studies looking at ERCP radiation quality measures are lacking.

Innovation and breakthroughs
This is the largest study on radiation measures in ERCP. The findings are contrary to prior small studies which showed that fluoroscopy time is an excellent measure of patient radiation exposure. The findings are consistent with other fluoroscopy based disciplines and recommendation of interventional radiology societies.

Applications
The authors recommend using Dose Area Product and Dose at Reference Point in addition to Fluroroscopy time as measures of patient radiation exposure. These measures will allow creation of ERCP specific radiation benchmarks which can be comparable among centers. They will also allow the possibility of tracking total radiation dose for a given patient across disciplines including diagnostic imaging.

Terminology
Dose area product (DAP): is a surrogate marker of the radiation risk to the tissue irradiated. It is the product of the radiation dose absorbed and the area irradiated expressed in gray cm square. It does not account for the radiation dose cause by scatter. It is easily measured by placing a dosimeter beyond the collimator in a way to intercept the radiation beam. DAP correlates with the risk of stochastic effects such as cancer induction. Dose at reference point (DOSRP): is the dose of radiation delivered to a specific point in space which is, unless otherwise specified, along the central ray 15 cm from the isocenter toward the x-ray tube. It does not include radiation related to backscatter. DOSRP correlates with the risk of deterministic effects such as skin injury. Peak Skin dose: is the highest radiation dose received by any part of the patient skin. This includes radiation from the primary X-ray bean and backscatter. It is difficult to measure but is the best estimate of deterministic effects. Stochastic effects: a radiation effect whose probability of occurrence is related to the amount of exposure but the severity is not; such is the case in cancer induction. Deterministic effects: a radiation effect whose probability occurs after a certain threshold is reached; an example would be skin related burns.

Peer review
This is a very interesting prospective and descriptive study. The authors have been able to show that fluoroscopy time is not an accurate indirect measurement of the radiation exposure during the ERCP procedure to the patient and medical staff.
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Table 1 Proposed quality Indicators for endoscopic retrograde cholangiography
	Quality indicator

	1. Appropriate indication

	2. Informed consent

	3. Assessment of procedural difficulty

	4. Prophylactic antibiotics

	5. Cannulation rates

	Desired duct

	Use of precut

	6. Extraction of common bile duct stones

	7. Biliary stent placement

	8. Complete documentation

	[bookmark: _GoBack]9 . Complication rates: pancreatitis, bleeding, perforation, and cholangitis



Table 2 Radiation data mean and range
	
	DAPt
	DOSERPt
	DAPf
	DOSERPf
	DAPa
	DOSERPa
	FLUORO_TIME

	Mean
	0.0022529
	0.28213
	0.1269457
	0.126946
	0.000296
	0.01784
	7.31

	Minimum
	0.0000013
	0.00004
	0.0000013
	0.00004
	0
	0
	1

	Maximum
	0.004545
	1.92667
	0.0042557
	0.4832
	0.000289
	0.0291
	2141





Table 3 ALARA principles
	ALARA principles

	Keep the patient away from the radiation source
	Use fluorosave instead of acquisition images

	Keep the detector close to the patient
	Keep angulation to a minimum

	Lower the exposure rate (PPS)
	Add 0.1 mm Cu filtration for all protocols

	Use lowest needed magnification
	Step back during acquisition

	Use collimation
	Use personal protective equipment

	Limit fluoroscopy on-time
	Use lead shielding on the fluoroscopy unit
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A                           B
Figure 1 Scatter plot. A: Dose area product and fluoroscopy time; B: Dose at reference point and fluoroscopy time. 
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Figure 2 Bland Altman plott. A: Dose area product and fluoroscopy time; B: Dose at reference point and fluoroscopy time. 
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Figure 3 Good patient positioning: patient is close to the detector and far from the X-ray tube.
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