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ERCP or EUS for tissue diagnosis of biliary strictures? A prospective comparative study Thomas Ro¨sch, MD, Kim Hofrichter, MD, Eckart Frimberger, MD, Alexander Meining, MD, Peter Born, MD, Norbert Weigert, MD, Hans-Dieter Allescher, MD, Meinhard Classen, MD, Marius Barbur, MD, Ulrich Schenck, MD, Martin Werner, MD Munich, Germany



Background: The accuracy of ERCP-based brush cytology or forceps biopsy for tissue diagnosis is relatively low (usually not exceeding 70%). By contrast, reported accuracy rates for EUS-guided FNA of pancreatobiliary masses are over 80%. This prospective study compared these two modalities for the ﬁrst time in the diagnosis of indeterminate biliary strictures and pancreatic tumors. Methods: Fifty consecutive patients (29 men, 21 women; mean age 62.1 years) with obstructive jaundice in whom a tissue diagnosis was required were included. During ERCP, intraductal specimens were obtained with a forceps and with two different types of brush (conventional and spiral suction) in random order. During EUS, only visible mass lesions or localized bile duct wall thickening were aspirated (22-gauge needle), with at least two passes yielding material sufﬁcient for assessment. A cytopathologist was not present in the procedure room to evaluate specimen adequacy. The reference methods were surgery, other biopsy results, follow-up until death, or the conclusion of the study (mean follow-up 20 months). Results: The ﬁnal diagnoses were malignancy, 28 (16 pancreatic, 12 biliary), and benign biliary stricture, 22. Sensitivity and speciﬁcity for ERCP-guided biopsy were 36% and 100%, respectively; for ERCP-guided cytology (when using conventional and spiral suction brushes), 46% and 100%, respectively; and for EUS-guided FNA, 43% and 100%, respectively. If the punctured lesions are considered (n = 28) alone, the sensitivity of EUS-guided FNA was 75%. In general, sensitivity was better for ERCP-based techniques in the subgroup biliary tumor (ERCP 75% vs. EUS 25%), whereas EUS-guided biopsy was superior for pancreatic mass (EUS 60% vs. ERCP 38%). Conclusions: For biliary strictures, combined ERCP- and EUS-guided tissue acquisition seems to be the best approach to tissue diagnosis. From a clinical standpoint, it appears reasonable, when a tissue diagnosis is required, to start with ERCP if biliary malignancy is suspected and with EUS when a pancreatic tumor is thought to be the cause of a biliary stricture. (Gastrointest Endosc 2004;60:390-6.)



Tissue diagnosis of biliary strictures is required in various clinical situations, including biliary stricture of indeterminate etiology because of the failure of imaging techniques to demonstrate a mass lesion unequivocally. For pancreatic lesions, a tissue diagnosis may be required when evidence from imaging studies does not warrant resection or when the evidence indicates an unresectable lesion for which palliative radiotherapy and/or chemotherapy are appropriate. A percutaneous approach with US or Received March 11, 2004. Accepted April 23, 2004. Current affiliations: Department of Internal Medicine II, Department of Pathology, Technical University of Munich, Munich, Germany. Reprint requests: Thomas Ro¨sch, MD, Central Interdisciplinary Endoscopy Unit, Department of Gastroenterology, Hepatology and Metabolism, Campus Virchow, Charite´ University Hospitals Berlin, Berlin, Germany. Copyright Ó 2004 by the American Society for Gastrointestinal Endoscopy 0016-5107/$30.00 PII: S0016-5107(04)01732-8 390
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CT guidance may fail because of the absence of a visible mass (e.g., in biliary strictures); this approach also has been considered inadvisable because of the possible risk of intra-abdominal seeding of tumor cells.1 It, therefore, has been proposed that direct methods tissue sampling—either via the biliary duct during ERCP or by a transduodenal or transgastric route with EUS guidance— may yield better results, with a potentially lower risk of tumor cell spread. ERCP-based methods, when using a variety of brushes and forceps, have been thoroughly evaluated. In these studies, the diagnostic yield is variable but mostly in the range of 35% to 70%.2-14 By contrast, EUS-guided FNA (EUS-FNA) has been shown, in many series, to be highly accurate for the diagnosis of pancreatic masses; sensitivity rates for malignancy range from 60% to 93%.15-20 The aim of the present prospective study was to compare, for the first time, the diagnostic yield of ERCP- and EUS-guided tissue sampling of biliary strictures in consecutive patients. VOLUME 60, NO. 3, 2004
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PATIENTS AND METHODS A total of 50 consecutive patients (29 men, 21 women; mean age 62.1 years, range 31-86 years) were included in this prospective study conducted from July 1998 to July 2000. The patients had either an indeterminate biliary stricture or a mass in the head of the pancreas, and a requirement for a primary tissue diagnosis for the purpose of planning therapy (conservative or surgical) or as a prerequisite for chemotherapy. Patients with a tumor arising in the main duodenal papilla or a pancreatic tumor invading into the duodenum were excluded, because endoscopic forceps biopsies will yield a diagnosis in such cases. Patients with mass lesions clearly demonstrated by CT and/or US to be resectable also were excluded; a preoperative tissue diagnosis was not sought in these patients. In our institution, FNA is indicated under the following circumstances: a definite mass lesions when no resection is planned (tumor unresectable or patient inoperable) or uncertainty about the presence of a mass lesion (e.g., conflicting US and CT results). EUS was performed by one of two endosonographers, and ERCP was performed by one of 3 endoscopists, all of whom were highly experienced (>1000 ERCPs and/or EUS procedures). After obtaining informed consent, ERCP and EUS were performed during the same session (n = 12) or during separate sessions (n = 35) with a maximum of 2 days in-between. Three patients did not undergo EUS of the head of the pancreas because of prior gastrectomy with Billroth II anastomosis and an inability to reach the papilla with an echoendoscope.21 However, ERCP was performed in these patients. The endoscopist who performed either procedure had no information about the result of the other test with respect to tissue diagnosis. The sequence of tests was not standardized. During ERCP, tissue samples were obtained by using the following 3 devices in random order (interchangeably, according to a preset randomized protocol): a conventional, over-the-guidewire cytology brush (Wilson-Cook Europe, Limerick, Ireland), a newly designed spiral brush (see below), and an intrabiliary forceps (Olympus Optical Co. [Europe], Hamburg, Germany). No stricture was dilated before tissue sampling. The intrabiliary forceps was introduced to the level of the stricture under fluoroscopy; 6 intraductal biopsy specimens were taken. These were placed in formalin and were submitted for histopathologic analysis. Two passes were made with each brush. The first specimen obtained with the conventional brush was smeared on a glass slide and then air-dried; after the second pass, the brush was cut, placed in 30% alcohol, and sent for analysis. The spiral brush (external coil diameter 2.2 mm, length 36 mm), designed by E. Frimberger (CytoCoil; Braun, Melsungen, Germany) (Fig. 1), consists of a flat wire that is fixed to a plastic catheter. The windings of the spiral are arranged at a distance that allows tissue to enter into the interior of the spiral, and suction through the introduction tube is applied to increase the amount of tissue gained.22 EUS of the head of the pancreas and the bile duct was performed as described elsewhere.21,23,24 Briefly, a radial VOLUME 60, NO. 3, 2004



Figure 1. A, Spiral brush that can be inserted over a guidewire for use during ERCP. B, Radiograph made during ERCP, showing spiral brush introduced into stricture. scanning echoendoscope (GF-UM20 and GF-UM30; Olympus) was introduced into the descending duodenum, and the pancreatic head, with the uncinate process, and the distal bile duct were imaged at the level of the papilla, by using a water-filled balloon around the transducer tip of the instrument. During withdrawal of the echoendoscope, the rest of the head of the pancreas and the bile duct to the hilum were imaged, as well as the surrounding large GASTROINTESTINAL ENDOSCOPY
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vessels (portal vein, portal venous confluence). For better visualization of the hepatic hilum, the echoendoscope was positioned in the bulb and was gently advanced in the direction of the hilum. If a mass lesion was noted in the head of the pancreas or around the bile duct, or if localized thickening of the bile-duct wall was observed, EUS-FNA was attempted by using linear echoendoscopes (UC-30 P; Olympus; and FG-UA34 Pentax, Hamburg, Germany) and a 22-gauge needle (EUS-N1; Wilson-Cook). If a circumscribed mass was not demonstrated by EUS, needle puncture was not attempted and the stricture was classified as benign, based on its sonographic morphology alone. Blind puncture of an area suspected to contain a tumor (e.g., guided by a stent) was not permitted. The technique used for EUS-FNA has been described in detail elsewhere.19,25 Briefly, the lesion was visualized in the linear field in line with the expected trajectory of the needle; a concerted effort was made to puncture the mass at the point of maximum diameter. At least two needle passes were made; further passes were made if insufficient material was obtained during the first two attempts. Continuous suction was applied by using the syringe provided by the manufacturer of the needle; if too much blood was obtained, the puncture was repeated without suction. The aspirated material was smeared onto glass slides and air-dried. Whether the specimen was adequate for diagnosis was assessed by the endosonographer, in particular, the presence of visible material and not just blood. If a small core specimen was obtained, this was considered a biopsy specimen and also was submitted for histopathologic analysis; cytologic aspirates and core specimens were not analyzed separately. Only the results derived from the specimens obtained during the primary ERCP and EUS procedures were used to calculate the sensitivity, the specificity, and the positive and negative predictive values. If a negative or a positive result was obtained at a follow-up ERCP or EUS procedure, this was only considered as a reference for comparison to the results of the initial ERCP/EUS. For further analysis, patients were grouped into pancreatic head tumors with a visible mass lesion, and into biliary tumors when such a mass was not seen. The results of the initial ERCP and EUS procedures were compared with the following reference methods of tissue diagnosis: 1. Surgery (resection specimen or intra-operative biopsy specimens). 2. Biopsy specimens obtained by other methods (e.g., percutaneous puncture of the primary tumor or a metastasis, either initially or during follow-up). 3. A positive result for any tissue acquisition method being evaluated (initially or at follow-up), plus clinical follow-up that provided further evidence of malignancy. 4. Further evidence of malignancy (e.g., distant metastases), when all tissue sampling techniques produced a negative result; the patient/relatives and referring physician/hospital were contacted by one investigator (K.H.) at intervals of 3 to 6 months. Repeated 392
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hospitalizations in our institution or another institution also were documented. 5. Follow-up if there was no positive tissue diagnosis and no imaging evidence of malignancy; in some patients, repeated biopsy specimens or brush cytology specimens were obtained during stent exchanges. Histopathologic analysis of the forceps biopsy specimens, as well as of surgical resection specimens and intraoperative biopsy specimens, was performed after fixation in formaldehyde, paraffin embedding, and staining (H&E and periodic acid-Schiff) of 5 l sections by using the criteria of the World Heath Organization26 and the TNM classification.27 From forceps biopsy specimens, at least 8 serial sections were examined. Cytopathologic analysis of the brush cytology smears and EUS-FNA was carried out after the specimens were smeared onto glass slides and were airdried; an immediate assessment of the adequacy of these specimens in the procedure room was not performed. The material obtained with the spiral brush was placed in alcohol, and the specimen was prepared by cytocentrifugation. Cytologic specimens were routinely stained by using the May-Gru¨nwald-Giemsa method and were classified as positive if malignant cells (i.e., carcinoma cells) were present. All histologic and cytologic preparations were reviewed by two pathologists. Statistical analysis was performed by using the Cochran Q test to compare the accuracy rates of the various methods of tissue diagnosis. The Fisher exact test was used to check for statistically significant differences between the respective diagnostic methods with respect to the accuracy of diagnosis of either pancreatic or biliary tumors. A p value 0.05, Cochran Q test). The results for the two methods for obtaining cytologic specimens from the bile duct were similar; brush cytology was positive and spiral cytology was negative in only one patient. ERCP yielded a false-negative result, and EUS yielded a true positive result in 7 patients; EUS provided a false-negative result and ERCP provided a true-positive result in 8 cases. There was no complication related to tissue acquisition in any patient. The results for EUS-FNA are detailed in Table 3. As mentioned, all patients had ERCP and all but 3 (with prior gastrectomy and Billroth II anastomosis) VOLUME 60, NO. 3, 2004
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Table 1. Characteristics of lesion in 50 patients Malignancies* Pancreatic head tumors Biliary tumors CBD tumors Hilar tumors



28 16 12



Benign conditionsy Chronic pancreatitis CBD strictures CBD stricture Hilar stricture



22 6 16



8 4



9 7



CBD, Common bile duct. *A tissue diagnosis of malignancy was confirmed (any method) in 19 patients (7 surgery, 12 positive biopsy specimens) and by other strong evidence of malignancy in 9 patients (tumor growth and/or development of metastases and/or death from cachexia within 6 mo). Malignancies were separated into pancreatic and biliary groups according to histopathology (resection specimens) or clinical evidence, including ERCP with biopsy, and CT and EUS showing either a mass lesion (pancreatic) or no mass lesion (biliary). Mean diameter of pancreatic tumors was 25 cm (range 20-45 cm). yBenign conditions were confirmed by negative tissue diagnoses and follow-up.



Table 2. Sensitivity, speciﬁcity, positive and negative predictive values for 3 methods of tissue acquisition based on ERCP, and of EUS-FNA (combined cytologic and biopsy specimens) (n = 28 malignant and 22 benign cases)



Table 3. Detailed results of EUS imaging and EUS-FNA. If the EUS ﬁndings were positive (mass lesion, circumscribed wall thickening), then EUS-FNA was performed. If EUS imaging was negative or revealed only diffuse changes, then EUS-FNA was not performed Malignancies n = 28 EUS showing lesion (FNA performed) EUS showing ‘‘benign’’ changes (no FNA) EUS, no visualization (postoperative anatomy)



70% 70% 70%



43% 43% 46%



100% 100% 100%



100% 58% 100% 58% 100% 60%



67% 70%



36% 43%



100% 100%



100% 56% 100% 58%



EUS-FNA, EUS-guided FNA; PPV, positive predictive value; NPV, negative predictive value; BC, brush cytology; SC, spiral brush cytology; BX, intraductal biopsy. *p = 0.801, Cochran Q test 0.444.



had EUS. Of the patients who had EUS, 28 had a lesion demonstrated that was aspirated under EUS guidance. If only the patients with malignancy who underwent puncture are considered, the sensitivity of EUS-FNA increases from 43% to 75%; if only those with a pancreatic mass are considered, sensitivity increases from 60% to 75%. Between two and 4 needle passes were made, depending on the adequacy of the material obtained (mean number 2.8). With respect to the number of needle passes, there was no difference between the correctly positive and falsely negative results. The accuracy rates for various combinations of the 4 methods of tissue diagnosis are shown in Table 4. In comparison with single tests, accuracy increased VOLUME 60, NO. 3, 2004



21



7*



5y



14



2



1



EUS-FNA, EUS-guided FNA. *A lesion was visualized by EUS and EUS was performed in these 7 patients, with a negative result in all cases. EUS had shown a focal inflammatory mass lesion in the pancreas or around the bile duct (possibly inflammatory or from artifacts). yEUS demonstrated diffuse pancreatic enlargement that was falsely classified as being on EUS imaging in 3 cases. In two cases, diffuse wall thickening of the bile duct was visualized.



Table 4. Sensitivity, speciﬁcity, positive and negative predictive values for various combinations of the 4 methods of tissue acquisition for entire study population (n = 50; 28 malignant, 22 benign)



Accuracy* Sensitivity Specificity PPV NPV ERCP-BC ERCP-SC ERCP cytology (BC plus SC) ERCP-BX EUS-FNA



Benign conditions n = 22



Accuracy* Sensitivity Specificity PPV ERCP cytology (BC plus SC) All 3 ERCP methods ERCP methods plus EUS-FNA



NPV



70%



46%



100%



100% 60%



74%



54%



100%



100% 63%



86%



71%



100%



100% 73%



PPV, Positive predictive value; NPV, negative predictive value; BC, brush cytology; SC, spiral brush cytology; EUS-FNA, EUS-guided FNA. *p = 0.002, Cochran Q test 13.000.



from around 70% to 86%. The results analyzed separately for pancreatic and biliary tumors are shown in Table 5 (specificity and positive predictive values are omitted, because these were all 100%; see Tables 2 and 4). Numerically, ERCP results seemed to be superior for biliary strictures, whereas EUS-FNA seemed better for pancreatic masses; however, the differences in accuracy rates observed were not statistically significant (p > 0.1, Fisher exact test). DISCUSSION The results of the present prospective study show, under routine clinical conditions in a consecutive GASTROINTESTINAL ENDOSCOPY
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Table 5. Sensitivity for 3 ERCP-based methods of tissue acquisition (evaluated in combination) and of EUS-FNA (combined cytologic and biopsy specimens), analyzed for pancreatic (n = 16) and biliary cancer (n = 12) in which EUS-FNA was performed; no signiﬁcant difference was found between the two groups (p = 0.130 for EUS-FNA [Fisher exact test]; p = 0.276 for ERCP) Sensitivity of ERCP methods EUS-FNA



Pancreatic cancer



Biliary cancer



38% (7/16) 60% (9/15)



75% (8/12) 25% (3/11)



EUS-FNA, EUS-guided FNA.



series of patients with obstructive jaundice from biliary stricture of indeterminate etiology, that tissue acquisition methods based either on ERCP or EUS alone are insufficient for reliable diagnosis and that these methods need to be used in a complementary fashion. The results for ERCP-based methods (brush cytology, intraductal biopsy) are well within the ranges found in other published studies; an analysis of 22 studies (total 2472 patients) found an overall sensitivity for brush cytology and intraductal biopsy of 49% and 66%, respectively.2-14,28-33 Other ERCP-associated techniques, such as intraductal puncture34 and the use of various accessory devices to obtain cells,32 have not substantially improved these results. The sensitivity of cholangioscopy with targeted biopsy is excellent in studies from Japan,33,35 at least for cholangiocarcinoma, but this result was mainly achieved via the percutaneous transhepatic route36 and not via retrograde cholangioscopy. Combinations of the various methods, therefore, are recommended to improve the accuracy. Brush cytology plus biopsy provided better results in the present study, although without statistically significant differences. This is in accord with other studies; in 133 patients, Jailwala et al.6 noted that a combination of all 3 methods (brush cytology, biopsy, FNA) improved diagnostic sensitivity from 48% (brush cytology alone) to 77%. Findings were similar in 3 other studies.10,11,13 EUS-FNA, in contrast, provided excellent results in numerous studies, at least for pancreatic masses (70% to 93%).15,16,18-20 In the two largest fully published series, by Fritscher-Ravens et al.18 (114 patients) and by Gress et al.20 (102 patients), the sensitivity was 88% and 93%, respectively. In the study of Giovannini et al.,19 which included 43 pancreatic masses, the sensitivity of EUS-FNA was 75%. There are few published data with respect to EUS-FNA of biliary tumors. Fritscher-Ravens et al.36 394
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obtained excellent results (89% sensitivity), although the number of cholangiocarcinomas in that study was small. However, the results on average appear to be better for pancreatic masses than biliary tumors, particularly in the hilum where the disease often manifests as diffuse wall thickening that cannot be precisely delineated by EUS.21,37,38 In addition, most studies have focused on patients with lesions that could be visualized and punctured, and reports of these studies do not indicate the numbers of patients in whom EUS-FNA might have been attempted but was not performed because a lesion could not be seen or for other reasons. In light of these facts, the results of the present study, taking into account only pancreatic tumors and only those that were actually aspirated, are well within the range of published data (with a sensitivity of 75% in this selected group). The present study included patients with pancreatic and bile-duct cancer, two distinctly different entities with respect to tissue diagnosis via either ERCP or EUS. In other studies of these entities, the results of intraductal biopsy and brushing were either superior in bile-duct cancer,11 or equivalent for biliary and pancreatic malignancy,6 or brushing was better in cholangiocarcinoma compared with biopsy.19 There is no direct comparison of EUS-FNA for the diagnosis of pancreatic vs. biliary malignancy, although one series suggests that the accuracy of EUS-FNA for bile duct cancer is good.36 The number of patients in the present series is relatively small because tissue acquisition methods are used by us only when there is a definite need for a tissue diagnosis. The observed accuracy rates might differ if the proportion of patients with malignancy was higher (56% in the present study) or if the number of patients studied was larger, in which case the numerical differences in sensitivity for detection of either bile-duct cancer (ERCP methods are better) or pancreatic masses (EUS-FNA is better) might have been sufficient to demonstrate statistical significance. The order in which the tissue acquisition methods were used during ERCP was randomized (to avoid technical bias), but the order of EUS and ERCP was not. This may introduce a slight bias, but the imaging capabilities of ERCP and EUS were not compared, so that randomization was not essential. For the same reasons, the endoscopist who performed the ERCP or EUS was not blinded to the imaging results of the opposite test, but the endoscopist did not know whether the results of tissue sampling were positive or negative. Both studies were performed during a single session or within a maximum of 2 days. Studies from the United States show that the results of EUS-FNA are improved by in-room VOLUME 60, NO. 3, 2004
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assessment of the cytologic specimens.17,24,39 This type of service is not routinely available in our institution, as well as in most other institutions outside of the United States, and, because it would also have substantially increased the cost of the procedure, it was decided not to use in-room assessment for the present study. EUS-FNA would probably be less practicable if this were required. Studies that have shown that in-room cytopathologic assessment improves results were not prospective randomized trials; in one study, the aspirate from pancreatic tumors was positive for malignancy in 56% of cases in which specimens were evaluated inroom and in 49% when they were not.39 It is possible that further technical developments, such as the use of larger needles,16 might increase sensitivity; this has not been proven. Pancreatic cancer often is surrounded by, or intermingled with, inflammatory tissue that cannot be distinguished from cancer in EUS images, so that biopsy specimens may be negative because they are not targeted to areas of malignancy. It is reported that contrastenhanced Doppler EUS can differentiate between inflammatory and malignant pancreatic masses,40 but whether this improves targeting of EUS-guided biopsies has not been determined. The indication for tissue diagnosis in patients with obstructive jaundice is less debatable when the etiology of a biliary stricture is indeterminate because a mass lesion cannot be visualized in imaging studies. The differential diagnosis between inflammatory and malignant strictures can be a substantial problem, especially in proximal strictures involving the hilum (e.g., Klatskin’s tumor). There is greater controversy regarding the need to puncture pancreatic tumors for diagnosis, especially if they appear to be resectable. Apart from the fear of spreading tumor cells in the abdominal cavity as a result of percutaneous puncture,1 if the staging evaluation shows a mass to be resectable, resection should be performed in patients without distant metastases who are suitable candidates for surgery, even if the assessment of the aspirate is negative for malignancy. EUS-FNA is indicated for potentially resectable pancreatic lesions if the interpretation of the imaging procedures is controversial or if imaging is equivocal for a tumor; a negative biopsy specimen would delay surgery, with the method of follow-up to be decided. It is still debatable whether the differentiation between classic adenocarcinoma and rarer, less malignant types of tumor by needle aspiration leads to a different surgical approach.41 However, at present, most authorities recommend needle aspiration of pancreatic tumors only if surgery is not the primary option, for example, when palliative treatVOLUME 60, NO. 3, 2004
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ment or neoadjuvant chemoradiotherapy (in trials) is planned. In summary, this prospective study shows that ERCP-based tissue acquisition and EUS-FNA both have certain limitations in the differential diagnosis of indeterminate biliary strictures and pancreatic masses under routine clinical conditions. The study demonstrates that ERCP-based tissue acquisition may be better for biliary tumors, whereas EUS-FNA is preferable for pancreatic mass lesions; this is consistent with the National Institutes of Health consensus statement on ERCP,42 which notes that comparative studies are not available, as well as the AJCC cancer guide.43 With EUS, however, visualization of a mass that can be punctured is a prerequisite, and this may further limit the value of this technique. DISCLOSURE Dr. E. Frimberger formerly had a contract as a consultant with the Braun Melsungen Company, which produced the spiral brush evaluated in this study. Because of the results of the present study, this device was not developed further. REFERENCES 1. Warshaw AL. Implications of peritoneal cytology for staging of early pancreatic cancer. Am J Surg 1991;161:26-30. 2. Desa LA, Akosa AB, Lazzara S, Domizio P, Krausz T, Benjamin IS. Cytodiagnosis in the management of extrahepatic biliary stricture. Gut 1991;32:1188-91. 3. Foutch PG, Kerr DM, Harlan JR, Kummet TD. A prospective, controlled analysis of endoscopic cytotechniques for diagnosis of malignant biliary stricture. Am J Gastroenterol 1991;86: 577-80. 4. Glasbrenner B, Ardan M, Boeck W, Preclik G, Moller P, Adler G. Prospective evaluation of brush cytology of biliary strictures during endoscopic retrograde cholangiopancreatography. Endoscopy 1999;31:712-7. 5. Howell DA, Parsons WG, Jones MA, Bosco JJ, Hanson BL. Complete tissue sampling of biliary strictures at ERCP using a new device. Gastrointest Endosc 1996;43:498-502. 6. Jailwala J, Fogel EL, Sherman S, Gottlieb K, Flueckiger J, Bucksot LG, et al. Triple-tissue sampling at ERCP in malignant biliary obstruction. Gastrointest Endosc 2000;51: 383-90. 7. Kurzawinski TR, Deery A, Dooley JS, Dick R, Hobbs K, Davidson BR. A prospective study of biliary cytology in 100 patients with bile duct strictures. Hepatology 1993;18:1399403. 8. Layfield LJ, Wax TD, Lee JG, Cotton PB. Accuracy and morphologic aspects of pancreatic and biliary duct brushings. Acta Cytol 1995;39:11-8. 9. Lee JG, Leung JW, Baillie J, Layfield LJ, Cotton PB. Benign, dysplastic, or malignant-making sense of endoscopic bile duct brush cytology: results in 149 consecutive patients. Am J Gastroenterol 1995;90:722-6. 10. Ponchon T, Gagnon P, Berger F, Labadie M, Liaras A, Chavaillon A, et al. Value of endobiliary brush cytology and biopsies for the diagnosis of malignant bile duct stenosis: GASTROINTESTINAL ENDOSCOPY
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