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Abstract


In recent years, pancreaticobiliary endoscopy (PBE) has evolved to include a wide range of endoscopic procedures used to treat various diseases. Several interventional endoscopic ultrasonography procedures have been developed for conditions that cannot be treated with conventional endoscopic methods. As PBE continues to advance, it is crucial to improve fluoroscopic systems to enhance image quality, ensure patient safety, reduce radiation exposure, and ensure the operation of video-recording systems. The difficult procedures require the precise imaging of thin pancreatic/biliary branch devices, including guidewires, catheters, and stents. It is crucial to reduce noise caused by patient breathing and movement, while retaining the necessary movement in the image on the screen. A stable table is effective for ensuring the safety of patients during the procedure. A reduction in radiation exposure is important, and the flame rate conversion technique is effective. Ensuring high-quality recording is useful for the video presentation of PBE procedures. In collaboration with Fujifilm (Tokyo, Japan), we researched and developed various functions in fluoroscopic systems for PBE. In this review, we outline the requirements for fluoroscopic procedures in PBE, the evolution of technology to date, and its prospects, while also presenting the commercial equipment currently available.
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1. Introduction


Endoscopic retrograde cholangiopancreatography (ERCP) is a diagnostic method traditionally used for biliary and pancreatic diseases. It works by cannulating the bile and pancreatic ducts through the duodenal papilla to obtain cholangiographic and pancreatographic images [1,2,3]. However, unresolved issues such as complications, including-post ERCP pancreatitis, and a relatively low success rate are significant concerns [4,5]. Recently, diagnosis for biliary and pancreatic diseases is now primarily conducted using improved imaging techniques such as multi-detector computed tomography, magnetic resonance cholangiopancreatography, and endoscopic ultrasound (EUS) [6,7,8,9,10,11,12,13,14]. The primary purpose of pancreaticobiliary endoscopy (PBE) has shifted from diagnosis to therapeutic procedures [15]. ERCP is recognized as a standard imaging technique for pancreaticobiliary procedures such as biliary and pancreatic stone removal, stenting, and more precise and invasive examinations of the bile and pancreatic ducts [16,17].



With advancements in endoscopic techniques and devices, complex procedures for conditions, previously managed surgically or percutaneously, can now be performed endoscopically [18,19,20]. These procedures include gallbladder drainage, multiple stenting for hilar bile duct cancer, and stenting for patients with surgically altered anatomies. Additionally, advancements in EUS technology led to the development of procedures that are collectively referred to as interventional EUS (I-EUS). These involve puncturing and draining the bile duct, pancreatic duct, gall bladder, and intra-abdominal abscesses via the gastrointestinal tract [21,22,23,24,25,26,27]. With the progress of I-EUS, endoscopic treatment has even become possible for cases that could not be treated with ERCP, such as those involving duodenal obstruction or surgically altered anatomies, where access to the duodenal papilla failed or proved challenging [28,29,30]. I-EUS can help to avoid pancreatitis, which is a major complication of ERCP; however, complications such as bleeding, perforation, and peritonitis remain significant concerns [31].



Precise fluoroscopic images are essential for the advancement of PBE. There are many requirements for the fluoroscopic machines used in endoscopic procedures for pancreaticobiliary diseases. In collaboration with the University of Tokyo, Juntendo University, and Fujifilm (Tokyo, Japan), we studied and developed various functions related to fluoroscopic machines for PBE. In this review article, we introduce these requirements and our solutions, showcasing currently available commercial equipment. We outline the requirements for fluoroscopic procedures in PBE, the evolution of technology to date, and the remaining challenges.




2. Fluoroscopy Equipment


When performing PBE, fluoroscopic equipment must have the following four functions: high fluoroscopic image quality, low radiation exposure, safe and efficient operation, and easy and efficient video recording.



Improved fluoroscopic image quality is essential for advanced PBE. Clear images of the narrow bile and pancreatic ducts, along with visible devices overlapping with intestinal gasses and vertebrae, are crucial for the success of complex procedures. It is also important to obtain clear images with reduced noise and appropriate contrasts. Because endoscopic procedures involve movement, reducing blurring is vital for safety.



There is concern that obtaining more precise fluoroscopic images may increase radiation exposure among endoscopists, medical staff, and patients. Therefore, technology is needed to address the conflicting requirements of improving image quality and reducing radiation exposure. Minimizing exposure through advanced fluoroscopic techniques and using X-ray protective equipment are potential solutions.



The safety of performing advanced endoscopic procedures on a narrow fluoroscopic table must also be considered. If the table moves during procedures, the patient may fall, or the endoscope and devices may shift. Therefore, it is preferable to adjust the fluoroscopic position by moving the tube rather than the table. Additionally, the configuration of the X-ray arm affects the ease of providing patient care for medical staff, making the layout of fluoroscopic equipment very important in endoscopic treatment.



In recent years, more research presentations on PBE have utilized videos. Videos are compelling for education, conference presentations, lectures, and papers submitted to medical journals, making video-recording functions important. Previously, video recording during procedures was performed by connecting a DVD recorder or other general-purpose recording device, which often did not capture adequately clear and detailed videos. In PBE, the simultaneous recording of fluoroscopic and endoscopic images is effective for reviews. With the rise in I-EUS procedures, it is necessary to record fluoroscopic, endoscopic, and EUS images simultaneously to accurately document the procedure. Ideally, these images should be recorded synchronously by default.



The technologies and devices developed to address the issues related to the above four fluoroscopic examination challenges are summarized in Table 1. Detailed explanations are provided in the following sections.




3. Efforts to Improve Image Quality of Fluoroscopy


Improvements were made in image quality, radiation exposure, and the operation of fluoroscopic equipment (Figure 1). In the CUREVISTA system (Fujifilm), which is commercially available worldwide, the following technologies were implemented: adaptive noise reduction (ANR), motion tracking noise reduction (MTNR), local moving device tracking noise reduction (TARGET), a high-resolution mode, and wire-optimized weighted processing (WOW) (Video S1).



3.1. Adaptive Noise Reduction


Recursive filtering is a conventional technique that reduces image noise and improves observation by combining the past fluoroscopic image with the current one [32]. However, this method can cause blurring when there is motion in the subject. To address this, ANR was developed. ANR reduces image noise by appropriately switching between two noise filters using different reduction methods based on the correlations between the target pixel and its surrounding pixels (Figure 2) [33]. Combining recursive filtering with ANR effectively reduces noise. However, motion blur caused by respiratory variation is not detected, making image processing challenging in the presence of motion blur induced by respiratory variation.




3.2. Motion Tracking Noise Reduction


MTNR is an image processing technique that improves motion blur by applying appropriate noise reduction processing when the movement of the body and the movement of the device differ in the image (Figure 3) [34]. When motion occurs due to breathing, the image moves, causing a residual image of the devices. MTNR compensates for image movement, resulting in noise reduction.




3.3. Local Moving Device Tracking Noise Reduction


When operating the guidewire, its movement may create afterimages due to the influence of breathing. To address this, the TARGET mode was developed (Figure 4). This mode captures local movements in the image, such as movements by guidewires, and provides fluoroscopic images with minimal afterimages. TARGET accurately calculates the direction and amount of movement on a pixel-by-pixel basis, tracking the object’s movement in the fluoroscopic image. This achieves effective noise reduction and the suppression of afterimages vis the recursive filter. The visibility of the device is improved, allowing the guidewire to be accurately visualized, even during manipulation or when breathing fluctuations are large.




3.4. Wire-Optimized Weighted Processing


In I-EUS or pancreatic duct procedures using ERCP, the guidewire often overlaps with the vertebral body. This makes it particularly difficult to distinguish between contrast media and devices such as the guidewire, and also makes it difficult to operate the guidewire. Resolving this problem requires a fluoroscopic image that reduces the influence of vertebral bodies and improves the visibility of the guidewire. Consequently, the background attenuation processing technique was developed, which subtracts background elements such as vertebral bodies, which are similar to angiography images (Figure 5).



Background attenuation processing reduces background signals by detecting multidirectional line structures, classifying line structure signals and other background signals, and enhancing line structure signals. This enables the performance of fluoroscopy with improved visibility of the guidewire by blending the vertebrae into the background, even when it overlaps with the vertebral body or contrast medium. We named this technique wire-optimized weighted processing (WOW) because it enhances the visibility of the wire, even when overlapping with the vertebrae.




3.5. High-Resolution Mode


The performance of guidewires and devices used in biliary and pancreatic endoscopic treatments has dramatically improved, necessitating the production of higher-quality fluoroscopic images. Traditionally, guidewires were commonly 0.035 inches in diameter; however, thinner wires, such as 0.025 inch diameter wires, are becoming mainstream due to their ease of insertion into additional types of forceps channel. Therefore, if visibility is poor with normal fluoroscopy (3 × 3 pixels), the screen must be markedly enlarged.



In a conventional flat panel detector (FPD), the resolution is low because digital enlargement is used to expand the field of view. The high-resolution mode addresses this by enlarging the region of interest with high definition and magnification, resulting in images with higher resolutions than digitally enlarged ones. This function not only significantly magnifies the image but also allows for more precise and sharp visualization of the guidewire tip. As a result, the 0.025 inch guidewire, which was previously difficult to see, can now be seen extremely clearly in high-resolution mode.




3.6. Actual On-Board Function in Current Machines


Current fluoroscopic machines employ MTNR as the standard mode. High-resolution, recursive filtering with ANR, TARGET, and WOW modes is available in optional additional modes. Moreover, the frame rate conversion (FRC) is added to reduce radiation exposure. This is described in a later section.





4. Radiation Dose Reduction


The current radiation dose limit for the cornea is 150 mSv/year, but the recommendations of the International Commission on Radiological Protection have raised concerns among patients and medical personnel regarding medical radiation exposure [35]. In Japan, the Regulations for the Prevention of Ionizing Radiation Injury were revised in April 2021 to require an average exposure of 20 mSv/year over 5 years and no more than 50 mSv/year in any single year. Therefore, measures to reduce radiation exposure are urgently needed. The three principles of radiation protection are time, distance, and shielding.



Time: It is important to minimize the fluoroscopy time [36]. The endoscopist and the person controlling the fluoroscopic machine should communicate effectively to avoid unnecessary fluoroscopy, thereby reducing radiation exposure.



Distance: Scattered radiation is attenuated inversely with the square of the distance [37]. Although it is difficult for the endoscopist to maintain distance during procedures, non-endoscopists should stay as far from the fluoroscopy equipment as possible when not needed.



Shielding: Shields, protective clothing, collars, and eyewear are available as protective measures. The challenge with shielding is that it only protects in one direction, necessitating additional protection outside the shielded field. Curtain-type protective covers have recently been developed that attach to transparent tubes, providing all-direction shielding (Figure 6) [37,38]. Protective clothing and collars are available in three lead-equivalent weights (0.25, 0.35, and 0.50 mm), with 0.25 mm providing a shielding effect of 92–93% for the X-rays commonly used in ERCP (Figure 6) [39,40,41]. Higher lead-equivalent values offer greater protection but are heavier and increase the burden on the endoscopist. Radiation protection glasses reduce the dose by <50% [42]. Facilities using over-tubes should consider protective eyewear. In addition to these measures, fluoroscopic equipment was developed to reduce radiation exposure.



By integrating these principles and advancements, radiation exposure can be effectively managed, ensuring the safety of both patients and medical personnel.



4.1. Diagnostic Reference Level (DRL)


The DRL is a standard for the use of radiation introduced by the International Commission on Radiological Protection in 1996 [43]. The DRL concept aims to keep radiation use as low as achievable by setting standard doses for specific examinations. Because DRLs differ by country for the same examination, they are periodically updated by each country’s radiological society.



In the REX-GI study conducted in Japan in 2019, data on radiation doses for various procedures, such as ERCP, I-EUS, balloon-assisted enteroscopy, gastrointestinal stent placement, and ileus tube placement, were collected from multiple facilities across Japan [44,45]. Analysis using ERCP was further subdivided into common bile duct stones, proximal malignant biliary obstruction, distal malignant biliary obstruction, and pancreatic diseases. In particular, it was shown that radiation exposure was higher in cases of proximal malignant biliary obstruction.



It is anticipated that in the 2025 Japanese DRL revision, target values will be set for each subgroup, and each facility will need to strive to stay below these target values.




4.2. Frame Rate Conversion


High-resolution and TARGET modes have significantly improved image quality, but there have been concerns about increased radiation exposure due to the increased number of image frames [46]. The frame rate conversion (FRC) technique addresses this by creating interpolated images from previous and subsequent frames (Figure 7). This results in smoother fluoroscopic images due to the increased frame number while keeping the radiation dose at half.





5. Operation of Machines for Patient Safety and Procedure Efficiency


With the introduction of the FPD for X-ray fluoroscopy in 2001, both image quality and radiation exposure improved [47,48]. Additionally, the movable range of the X-ray tube arm became wider, the blind area became smaller, and the lowering of the examination was enabled. However, previous X-ray fluoroscopic systems required us to move the fluoroscopy table to the left or right, or to lift and move the patient to align the fluoroscopy position with the target area, necessitating further improvements.



The CUREVISTA system (Fujifilm) addresses these challenges by allowing the field of view to move in both vertical and horizontal directions using a two-way arm that moves the imaging system (both the tube and FPD) (Figure 8). This enables safe procedures without moving the patient, even when an endoscope is inserted during ERCP or a needle is inserted during I-EUS or percutaneous procedures. The CUREVISTA system is also a safe and reliable tool.



The offset arm and table and the open design of the CUREVISTA provide sufficient space on both sides of the table and around the patient’s head (Figure 8). This allows the endoscopist and caregiver easy access from both sides of the patient and enables the placement of multiple endoscopic systems at the side of the patient’s head for procedures such as peroral cholangioscopy.




6. Recording System


Previously, fluoroscopic videos were recorded with a reduction in the number of scanning lines from 1000 to 500, resulting in lower definition. To address this, we developed the VC-1000 recording device, manufactured by Fujifilm, which maintained 1000 scanning lines for high-definition recording. The VC-1000 can record endoscopy and fluoroscopy images simultaneously.



The upgraded VC-2000, which can record up to four systems of video information simultaneously, has since been introduced (Figure 9). The VC-2000 can simultaneously record endoscopic, fluoroscopic, and EUS images as well as images from video cameras installed in the examination room. This allows the endoscopist to review the operation images after the examination. The ability to review video images recorded simultaneously facilitates communication between instructors and junior endoscopists.




7. Future Perspective


As PBE becomes more advanced, further improvement in fluoroscopic equipment is needed. In addition to improving image quality, by creating a fusion image that combines 3D virtual fluoroscopic images generated from pre-endoscopic CT or MRI with fluoroscopic images, it becomes easier to understand the positional relationships between the target area, the approach route, and structures such as the vertebral body. This allows for more precise endoscopic procedures. Moreover, efficiency may be enhanced by technology that allows the patient to change the fluoroscopy mode, frame rate, and fluoroscopy position via vocal commands. If technology were available that allowed changes to fluoroscopy mode, frame rate, and fluoroscopy position through voice commands from the patient, this would enhance efficiency in scenarios where both hands and feet are occupied during scope operation or when performing procedures with a small team. Enabling diagonal movements similar to those of under-table fluoroscopy devices would allow angle adjustments without moving the patient, facilitating better observation of overlapping intrahepatic bile ducts and improving clarity in distinguishing anterior and posterior structures.



Notably, however, occupational exposure to scattered X-rays among medical personnel is increasing. Therefore, visualizing scattered X-rays with a dose map, which makes these invisible rays understandable, will help to raise awareness of occupational exposure among medical personnel. Additionally, enabling the development of technology that allows for easy restriction of the irradiation field in vertical and horizontal directions would make it possible to only observe the necessary examination area, further reducing radiation exposure.




8. Limitation


The limitations of this review include the scarcity of reports discussing the evolution of fluoroscopic technology, making comparisons with existing studies challenging. Additionally, since this review focuses on the evolution of fluoroscopic technology in Japan, it does not encompass the global development of fluoroscopic techniques, which is also a noted limitation.




9. Conclusions


With the advancement of endoscopic pancreatobiliary procedures, obtaining more precise images without increasing radiation exposure is essential. Ensuring the safety of both patients and medical staff during endoscopic procedures is also crucial. The current fluoroscopic technology was developed based on the needs of endoscopists and via technology provided by companies. On the other hand, expectations for minimally invasive treatments remain high, and with the anticipated increasing complexity of therapeutic procedures, the need for prolonged or multiple sessions is expected to grow. As a result, further improvements in image quality and radiation exposure reduction are more crucial than ever. It is important for endoscopists and companies to continue working together to improve fluoroscopic devices in the future.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/jcm14041214/s1, Video S1: Comparison of fluoroscopic technology before and after implementation.





Author Contributions


Writing—original draft, T.F. (Taito Fukuma), S.I. and T.F. (Toshio Fujisawa); Visualization, K.T. (Keiko Takahashi), T.N. and F.S.; Project administration, K.T. (Ko Tomishima), Y.T. and A.S.; Writing—review and editing, S.T. and K.I.; Investigation, M.U., M.I., D.K. and H.O.; Conceptualization, Y.N., H.K., N.T. and H.I.; Supervision, Y.N. and H.I. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


No new data were created or are available for this study. The analysis and conclusions presented in this paper are based on previously published data and existing information.




Conflicts of Interest


Keiko Takahashi, Tadashi Nakamura and Futoshi Shibata are Fujifilm employees. Yousuke Nakai, and Hiroyuki Isayama received research funds from Fujifilm. In our basic study, the image reconstruction from the raw data which includes no clinical information was supported by FUJIFILM. All other authors declare no conflict of interest.




References


	



Edmonson, J.M. History of the instruments for gastrointestinal endoscopy. Gastrointest. Endosc. 1991, 37 (Suppl. 2), S27–S56. [Google Scholar] [CrossRef] [Scilit]

	



Cahyadi, O.; Tehami, N.; de-Madaria, E.; Siau, K. Post-ERCP Pancreatitis: Prevention, Diagnosis and Management. Medicina 2022, 58, 1261. [Google Scholar] [CrossRef] [Scilit]

	



Tryliskyy, Y.; Bryce, G.J. Post-ERCP pancreatitis: Pathophysiology, early identification and risk stratification. Adv. Clin. Exp. Med. 2018, 27, 149–154. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Silvis, S.E.; Nebel, O.; Rogers, G.; Sugawa, C.; Mandelstam, P. Endoscopic complications. Results of the 1974 American Society for Gastrointestinal Endoscopy Survey. JAMA 1976, 235, 928–930. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Boicean, A.; Birlutiu, V.; Ichim, C.; Todor, S.B.; Hasegan, A.; Bacila, C.; Solomon, A.; Cristian, A.; Dura, H. Predictors of Post-ERCP Pancreatitis (P.E.P.) in Choledochal Lithiasis Extraction. J. Pers. Med. 2023, 13, 1356. [Google Scholar] [CrossRef] [Scilit]

	



Lim, J.H.; Jang, K.T.; Choi, D.; Lee, W.J.; Lim, H.K. Early bile duct carcinoma: Comparison of imaging features with pathologic findings. Radiology 2006, 238, 542–548. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Choi, Y.H.; Lee, J.M.; Lee, J.Y.; Han, C.J.; Choi, J.Y.; Han, J.K.; Choi, B.I. Biliary malignancy: Value of arterial, pancreatic, and hepatic phase imaging with multidetector-row computed tomography. J. Comput. Assist. Tomogr. 2008, 32, 362–368. [Google Scholar] [CrossRef] [Scilit]

	



Lee, H.Y.; Kim, S.H.; Lee, J.M.; Kim, S.W.; Jang, J.Y.; Han, J.K.; Choi, B.I. Preoperative assessment of resectability of hepatic hilar cholangiocarcinoma: Combined CT and cholangiography with revised criteria. Radiology 2006, 239, 113–121. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Wallner, B.K.; Schumacher, K.A.; Weidenmaier, W.; Friedrich, J.M. Dilated biliary tract: Evaluation with MR cholangiography with a T2-weighted contrast-enhanced fast sequence. Radiology 1991, 181, 805–808. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Morimoto, K.; Shimoi, M.; Shirakawa, T.; Aoki, Y.; Choi, S.; Miyata, Y.; Hara, K. Biliary obstruction: Evaluation with three-dimensional MR cholangiography. Radiology 1992, 183, 578–580. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Takehara, Y.; Ichijo, K.; Tooyama, N.; Kodaira, N.; Yamamoto, H.; Tatami, M.; Saito, M.; Watahiki, H.; Takahashi, M. Breath-hold MR cholangiopancreatography with a long-echo-train fast spin-echo sequence and a surface coil in chronic pancreatitis. Radiology 1994, 192, 73–78. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Sugiyama, M.; Atomi, Y. Endoscopic ultrasonography for diagnosing choledocholithiasis: A prospective comparative study with ultrasonography and computed tomography. Gastrointest. Endosc. 1997, 45, 143–146. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Sugiyama, M.; Atomi, Y. Acute biliary pancreatitis: The roles of endoscopic ultrasonography and endoscopic retrograde cholangiopancreatography. Surgery 1998, 124, 14–21. [Google Scholar] [CrossRef]

	



Kondo, S.; Isayama, H.; Akahane, M.; Toda, N.; Sasahira, N.; Nakai, Y.; Yamamoto, N.; Hirano, K.; Komatsu, Y.; Tada, M.; et al. Detection of common bile duct stones: Comparison between endoscopic ultrasonography, magnetic resonance cholangiography, and helical-computed-tomographic cholangiography. Eur. J. Radiol. 2005, 54, 271–275. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Classen, M.; Demling, L. Endoscopic sphincterotomy of the papilla of vater and extraction of stones from the choledochal duct (author’s transl). Dtsch. Med. Wochenschr. 1974, 99, 496–497. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Ishii, S.; Fujisawa, T.; Ushio, M.; Takahashi, S.; Yamagata, W.; Takasaki, Y.; Suzuki, A.; Okawa, Y.; Ochiai, K.; Tomishima, K.; et al. Evaluation of the safety and efficacy of minimal endoscopic sphincterotomy followed by papillary balloon dilation for the removal of common bile duct stones. Saudi J. Gastroenterol. 2020, 26, 344–350. [Google Scholar] [CrossRef] [Scilit]

	



Ishii, S.; Isayama, H.; Ushio, M.; Takahashi, S.; Yamagata, W.; Takasaki, Y.; Suzuki, A.; Ochiai, K.; Tomishima, K.; Kanazawa, R.; et al. Best Procedure for the Management of Common Bile Duct Stones via the Papilla: Literature Review and Analysis of Procedural Efficacy and Safety. J. Clin. Med. 2020, 9, 3808. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Isayama, H.; Ishii, S.; Tomishima, K.; Fujisawa, T. Recent Advances in Pancreato-Biliary Endoscopic Intervention: How to Resolve Unmet Needs in Pancreato-Biliary Diseases Endoscopically. J. Clin. Med. 2022, 11, 3637. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Isayama, H. Current topics in pancreato-biliary endotherapy: What can we do? J. Hepatobiliary Pancreat. Surg. 2009, 16, 589–591. [Google Scholar] [CrossRef] [Scilit]

	



Fujisawa, T.; Ishii, S.; Nakai, Y.; Kogure, H.; Tomishima, K.; Takasaki, Y.; Ito, K.; Takahashi, S.; Suzuki, A.; Isayama, H. Dedicated Echoendoscope for Interventional Endoscopic Ultrasound: Comparison with a Conventional Echoendoscope. J. Clin. Med. 2024, 13, 2840. [Google Scholar] [CrossRef] [Scilit]

	



Dhir, V.; Artifon, E.L.; Gupta, K.; Vila, J.J.; Maselli, R.; Frazao, M.; Maydeo, A. Multicenter study on endoscopic ultrasound-guided expandable biliary metal stent placement: Choice of access route, direction of stent insertion, and drainage route. Dig. Endosc. 2014, 26, 430–435. [Google Scholar] [CrossRef] [Scilit]

	



Fujii, L.L.; Topazian, M.D.; Abu Dayyeh, B.K.; Baron, T.H.; Chari, S.T.; Farnell, M.B.; Gleeson, F.C.; Gostout, C.J.; Kendrick, M.L.; Pearson, R.K.; et al. EUS-guided pancreatic duct intervention: Outcomes of a single tertiary-care referral center experience. Gastrointest. Endosc. 2013, 78, 854–864.e851. [Google Scholar] [CrossRef] [Scilit]

	



François, E.; Kahaleh, M.; Giovannini, M.; Matos, C.; Devière, J. EUS-guided pancreaticogastrostomy. Gastrointest. Endosc. 2002, 56, 128–133. [Google Scholar] [CrossRef] [Scilit]

	



James, T.W.; Baron, T.H. EUS-guided gallbladder drainage: A review of current practices and procedures. Endosc. Ultrasound 2019, 8, S28–S34. [Google Scholar] [CrossRef] [Scilit]

	



Teoh, A.Y.B.; Kitano, M.; Itoi, T.; Pérez-Miranda, M.; Ogura, T.; Chan, S.M.; Serna-Higuera, C.; Omoto, S.; Torres-Yuste, R.; Tsuichiya, T.; et al. Endosonography-guided gallbladder drainage versus percutaneous cholecystostomy in very high-risk surgical patients with acute cholecystitis: An international randomised multicentre controlled superiority trial (DRAC 1). Gut 2020, 69, 1085–1091. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Baron, T.H.; DiMaio, C.J.; Wang, A.Y.; Morgan, K.A. American Gastroenterological Association Clinical Practice Update: Management of Pancreatic Necrosis. Gastroenterology 2020, 158, 67–75.e61. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Ogura, T.; Masuda, D.; Saori, O.; Wataru, T.; Sano, T.; Okuda, A.; Miyano, A.; Kitano, M.; Abdel-Aal, U.M.; Takeuchi, T.; et al. Clinical Outcome of Endoscopic Ultrasound-Guided Liver Abscess Drainage Using Self-Expandable Covered Metallic Stent (with Video). Dig. Dis. Sci. 2016, 61, 303–308. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Poincloux, L.; Rouquette, O.; Buc, E.; Privat, J.; Pezet, D.; Dapoigny, M.; Bommelaer, G.; Abergel, A. Endoscopic ultrasound-guided biliary drainage after failed ERCP: Cumulative experience of 101 procedures at a single center. Endoscopy 2015, 47, 794–801. [Google Scholar] [CrossRef] [Scilit]

	



Nakai, Y.; Isayama, H.; Yamamoto, N.; Matsubara, S.; Kogure, H.; Mizuno, S.; Hamada, T.; Takahara, N.; Uchino, R.; Akiyama, D.; et al. Indications for endoscopic ultrasonography (EUS)-guided biliary intervention: Does EUS always come after failed endoscopic retrograde cholangiopancreatography? Dig. Endosc. 2017, 29, 218–225. [Google Scholar] [CrossRef] [Scilit]

	



Isayama, H.; Nakai, Y.; Kawakubo, K.; Kawakami, H.; Itoi, T.; Yamamoto, N.; Kogure, H.; Koike, K. The endoscopic ultrasonography-guided rendezvous technique for biliary cannulation: A technical review. J. Hepatobiliary Pancreat. Sci. 2013, 20, 413–420. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Isayama, H.; Nakai, Y.; Itoi, T.; Yasuda, I.; Kawakami, H.; Ryozawa, S.; Kitano, M.; Irisawa, A.; Katanuma, A.; Hara, K.; et al. Clinical practice guidelines for safe performance of endoscopic ultrasound/ultrasonography-guided biliary drainage: 2018. J. Hepatobiliary Pancreat. Sci. 2019, 26, 249–269. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Konst, B.; Nøtthellen, J.; Nalum Naess, S.; Båth, M. Novel method to determine recursive filtration and noise reduction in fluoroscopic imaging—A comparison of four different vendors. J. Appl. Clin. Med. Phys. 2021, 22, 281–292. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Nagai, Y.; Kitagawa, M.; Torii, J.; Iwase, T.; Aso, T.; Ihara, K.; Fujikawa, M.; Takeuchi, Y.; Suzuki, K.; Ishiguro, T.; et al. A study of the x-ray image quality improvement in the examination of the respiratory system based on the new image processing technique. SPIE Med. Imaging 2014, 9033, 732–739. [Google Scholar]

	



Torii, J.; Nagai, Y.; Horita, T.; Matsumoto, Y.; Izumo, T.; Kitagawa, M.; Ihara, K.; Nakamura, T.; Mukoyoshi, W.; Tennmei, K.; et al. A study on quality improvement of x-ray imaging of the respiratory-system based on a new image processing technique. SPIE Med. Imaging 2015, 9412, 1048–1054. [Google Scholar]

	



Sievert, R.M.; Failla, G. 1990 Recommendations of the International Commission on Radiological Protection. Ann. ICRP 1991, 21, 1–201. [Google Scholar]

	



Vehmas, T. Hawthorne effect: Shortening of fluoroscopy times during radiation measurement studies. Br. J. Radiol. 1997, 70, 1053–1055. [Google Scholar] [CrossRef] [Scilit]

	



Morishima, Y.; Chida, K.; Meguro, T. Effectiveness of additional lead shielding to protect staff from scattering radiation during endoscopic retrograde cholangiopancreatography procedures. J. Radiat. Res. 2018, 59, 225–232. [Google Scholar] [CrossRef] [Scilit]

	



Minami, T.; Sasaki, T.; Serikawa, M.; Kamigaki, M.; Yukutake, M.; Ishigaki, T.; Ishii, Y.; Mouri, T.; Yoshimi, S.; Shimizu, A.; et al. Occupational Radiation Exposure during Endoscopic Retrograde Cholangiopancreatography and Usefulness of Radiation Protective Curtains. Gastroenterol. Res. Pr. 2014, 2014, 926876. [Google Scholar] [CrossRef] [Scilit]

	



Dumonceau, J.M.; Garcia-Fernandez, F.J.; Verdun, F.R.; Carinou, E.; Donadille, L.; Damilakis, J.; Mouzas, I.; Paraskeva, K.; Ruiz-Lopez, N.; Struelens, L.; et al. Radiation protection in digestive endoscopy: European Society of Digestive Endoscopy (ESGE) guideline. Endoscopy 2012, 44, 408–421. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Niklason, L.T.; Marx, M.V.; Chan, H.P. Interventional radiologists: Occupational radiation doses and risks. Radiology 1993, 187, 729–733. [Google Scholar] [CrossRef] [Scilit]

	



Naidu, L.S.; Singhal, S.; Preece, D.E.; Vohrah, A.; Loft, D.E. Radiation exposure to personnel performing endoscopic retrograde cholangiopancreatography. Postgrad. Med. J. 2005, 81, 660–662. [Google Scholar] [CrossRef] [Scilit]

	



Zagorska, A.; Romanova, K.; Hristova-Popova, J.; Vassileva, J.; Katzarov, K. Eye lens exposure to medical staff during endoscopic retrograde cholangiopancreatography. Phys. Med. 2015, 31, 781–784. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Radiological protection and safety in medicine. A report of the International Commission on Radiological Protection. Ann. ICRP 1996, 26, 1–47. [CrossRef] [Scilit]

	



Hayashi, S.; Takenaka, M.; Hosono, M.; Kogure, H.; Hasatani, K.; Suda, T.; Maruyama, H.; Matsunaga, K.; Ihara, H.; Yoshio, T.; et al. Diagnostic Reference Levels for Fluoroscopy-guided Gastrointestinal Procedures in Japan from the REX-GI Study: A Nationwide Multicentre Prospective Observational Study. Lancet Reg. Health—West. Pac. 2022, 20, 100376. [Google Scholar] [CrossRef] [Scilit]

	



Takenaka, M.; Hosono, M.; Hayashi, S.; Nishida, T.; Kudo, M. How should radiation exposure be handled in fluoroscopy-guided endoscopic procedures in the field of gastroenterology? Dig. Endosc. 2022, 34, 890–900. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Sakai, N.; Tabei, K.; Sato, J.; Imae, T.; Suzuki, Y.; Takenaka, S.; Yano, K.; Abe, O. Radiation dose reduction with frame rate conversion in X-ray fluoroscopic imaging systems with flat panel detector: Basic study and clinical retrospective analysis. Eur. Radiol. 2019, 29, 985–992. [Google Scholar] [CrossRef] [Scilit]

	



Floyd, C.E., Jr.; Warp, R.J.; Dobbins, J.T., 3rd; Chotas, H.G.; Baydush, A.H.; Vargas-Voracek, R.; Ravin, C.E. Imaging characteristics of an amorphous silicon flat-panel detector for digital chest radiography. Radiology 2001, 218, 683–688. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Bacher, K.; Smeets, P.; Bonnarens, K.; De Hauwere, A.; Verstraete, K.; Thierens, H. Dose reduction in patients undergoing chest imaging: Digital amorphous silicon flat-panel detector radiography versus conventional film-screen radiography and phosphor-based computed radiography. AJR Am. J. Roentgenol. 2003, 181, 923–929. [Google Scholar] [CrossRef] [Scilit]








[image: Jcm 14 01214 g001] 





Figure 1. History of fluoroscopic imaging research. 
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Figure 2. Adaptive noise reduction (ANR). (a) Before the introduction of ANR. Numerous noises are shown in the magnified field. (b) After the introduction of ANR. Noises are reduced, and the image is clearer in the magnified field. (c) ANR combined with a recursive filter. 
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Figure 3. Motion tracking noise reduction (MTNR). MTNR detects global motion in consecutive fluoroscopic images with high accuracy and applies motion compensation in the direction of the arrow in the image using a recursive noise filter. 
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Figure 4. Local moving device tracking noise reduction (TARGET). (a) Original image. (b) Line detection. (c) Global and local motion compensation. “Local” refers to devices such as guidewires. (d) Final image. Noise is reduced, and the image is clearer. 
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Figure 5. Background attenuation processing. (a) Original image. (b) Line detection. (c) Background image. (d) Final image. The background is subtracted, making devices clearly visible. 
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Figure 6. Shielding. (a) Curtain-type protective covers provide radiation shielding in all directions. (b) Protective clothing and cover collars with a lead equivalent of 0.25 mm, providing approximately 92–93% shielding effectiveness. 
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Figure 7. Frame rate conversion (FRC). FRC generates interpolated frames from two consecutive fluoroscopic images, improving the quality of the fluoroscopic image by increasing the frame number without increasing the radiation amount. 
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Figure 8. Current operation of fluoroscopic machine: CUREVISTA (Fujifilm). The offset open design allows for a large workspace on the far side of the table, making it easy to provide support to the patient. The fluoroscopy system can also be moved horizontally and vertically (in the direction of the arrows in the image), allowing procedures to be performed without moving the patient. 
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Figure 9. Recording system. This system can record multiple images simultaneously. (a) Fluoroscopic image. (b) Endoscopic image. (c) Peroral cholangioscopic image. 
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Table 1. Requirements for and solutions of fluoroscopic machines.
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	Improvement in image quality



	        Precise and magnifying image



	                High-resolution mode



	        Noise reduction



	                Adaptive noise reduction (ANR)



	        Clear movement image and deletion of remaining image



	                Motion tracking noise reduction (MTNR)



	                Local moving device tracking noise reduction (TARGET)



	        Subtraction of the spine, injected contrast medium, and GI tract gas



	                Wire-optimized weighted processing (WOW)



	Reduction in radiation exposure



	        Shield



	        Reduction in the flames



	Patients’ safety during the procedure



	        Large table



	        Stable table (movement of the radiation system)



	VTR recording systems



	        High-resolution image



	        Picture in picture



	        Convenient recording system
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