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Background: Endoscopic evaluation is critical in assessing the cause of obstructive
jaundice. Biliary brushings during endoscopic retrograde cholangiopancreatography
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rnawalrao@gmail.com obtaining a tissue sample. This study was undertaken to investigate the role of endoscopic

biliary tract brush cytology as a diagnostic tool in extrahepatic biliary strictures.
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Acceptance: 19-Jun-2025 ERCP (n=63) / PTC (n=17) along with cytological evaluation of biliary brushings.
Publication: 30-Jun-2025 Demographic data and relevant clinico-radiological details were retrospectively retrieved

from institutional records. The corresponding cytological smears were re-evaluated and
classified as: (i) unsatisfactory/inadequate; (ii) negative (including benign and reactive);
(iii) suspicious for malignancy; (iv) positive for malignancy. Cytology results were

compared with final diagnosis (defined as either definitive tissue diagnosis or clinico-
BY

radiological follow-up), and sensitivity (SN), specificity (SP), positive predictive value

This work is licensed under the (PPV), negative predictive value (NPV), and diagnostic accuracy (DA) were calculated.
Creative Commons Attribution 4.0 Results: The age group of patients ranged from 15 to 85 years, with mean age of
License. Published by Pacific Group presentation being 52.7 years. Cytologic diagnosis was: positive for malignancy in 23
of e-Journals (PaGe) (26.7%), suspicious in 8 (9.3%), and benign/reactive/negative in 52 (60.5%) cases. In the

61 cases where the final diagnosis was available, the overall SN, SP, PPV, NPV, and DA
of biliary brush cytology were 68.57%, 92.31%, 92.31%, 68.57%, and 78.69%,
respectively. There was no significant difference in DA of brushings obtained at ERCP
compared to those from PTC.

Conclusion: We found directly-smeared brush cytology to be diagnostically reliable,
moderately sensitive, and highly specific for diagnosing common bile duct lesions
encountered at ERCP/PTC.
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Introduction

Common bile duct (CBD) strictures are caused by inflammatory or neoplastic processes involving the gallbladder, biliary tree,

ampulla, or pancreas. These lesions are not always readily accessible to biopsy, and hence brush cytology performed at endoscopic
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retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic cholangiography (PTC) has become the preferred
initial modality for attaining tissue diagnosis in patients with extra-hepatic biliary strictures. However, various workers have
reported variable sensitivity and specificity of this modality [1-3]. Also, there is a glaring paucity of Indian literature in this
context. Hence, we performed a retrospective analytical study to determine the diagnostic accuracy, sensitivity, and specificity of

brushings obtained at ERCP and PTC in evaluating extra-hepatic biliary strictures of different etiologies in the Indian setup.
Materials and Methods

All patients who underwent ERCP or PTC procedures along with endobiliary brushing, between January 2012 and December
2017, were retrospectively identified from the institutional electronic database. Patients’ age, gender, presenting symptoms,
physical examination and radiological findings, anatomical location of the CBD stricture, corresponding biopsy or fine needle
aspiration cytology (FNAC) results, the definitive diagnosis, and follow-up details were obtained from the hospital information
system and medical records. The cytology slides were retrieved from the departmental archives. The brushings were obtained at
ERCP or PTC by passing the brush over a guide wire placed across the stricture under fluoroscopic guidance. The procured
material was smeared from the brush onto two to six glass slides immediately on-site. One to two smears were wet-fixed in 95%
ethanol; the rest were air-dried and transported to the cytopathology laboratory for further processing. The May-Griinwald-
Giemsa-stained and Hematoxylin-Eosin-stained slides were reviewed independently by two pathologists for adequacy and
cytomorphological details (hypercellularity, presence of 2-cell population, cellular discohesion, 3-dimensional architecture,
nuclear contour irregularity, nuclear pleomorphism, nuclear hypo- or hyperchromasia, high nuclear-cytoplasmic ratio, nuclear
moulding, cytoplasmic mucin, presence of prominent nucleoli, mitosis, necrosis, inflammatory cells, presence/absence of bile)
[4], and a common consensus was reached in each case. If the archival slides were faded, then re-staining was done before the

final cytomorphologic evaluation.

The brush smears were categorised cytologically as: Category I: Inadequate/unsatisfactory, Category II: Negative for

malignancy/benign/reactive, Category I1I: Suspicious for malignancy, Category IV: Positive for malignancy

This four-tiered classification was devised by the authors for the current study, drawing from criteria used in prior biliary cytology
studies. A sample was considered inadequate if it had fewer than five clusters with <10 well-preserved cells per cluster [1].

Representative microphotographs are shown in Figure 1.

The final diagnosis (benign or malignant), achieved either by microscopic confirmation (endoscopic ultrasound-guided fine needle
aspiration, endoscopic biopsy, or surgical resection) or by clinical course (clinical or imaging features of malignancy during a
minimum follow-up of six months), was available in 61 patients. In the remaining 19 patients, the nature of the stricture remained
undetermined; therefore, these patients were excluded from further analysis. For the purpose of statistical analysis, category I and
II cases were considered as ‘negative,” while category III and IV samples were deemed as the ‘positive’ group. Sensitivity,
specificity, positive and negative predictive value, and diagnostic accuracy were determined. A brief outline of the study

methodology is depicted in Figure 2.
Results

During the 6-year study period, 80 jaundiced patients underwent ERCP/PTC along with brush cytology. Of these, four patients
had two cytological samples and one patient had three cytological samples, yielding a total of 86 specimens. Each specimen was

analyzed as an independent diagnostic attempt, in keeping with our objective to assess the real-world diagnostic yield of individual
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brush passes. Forty-five patients (56.25%) were men and 35 (43.75%) were women, with a mean age of 52.7 years (range 15 to
85 years). The frequency of stricture location was as follows: proximal bile duct 21.25% (n=17), mid bile duct 18.75% (n=15),
and distal bile duct 50.0% (n=40). Eight patients (10.0%) had multiple or long-segment strictures.

Figure 1:a: Category I (Unsatisfactory/ Inadequate)-Microphotograph showing inadequate cytosmears comprising of few macrophages

with no epithelial cell component [May Grunwald Giemsa stain, 200x magnification]; b:Category II (Negative/ Benign/ Reactive)— A
monolayered sheet of benign ductal cells with superimposed specks of bile (black) [May Grunwald Giemsa stain, 200x magnification];
b:Category III (Suspicious For Malignancy)- Sheet of ductal cells displaying nuclear crowding and overlapping, nuclear hyperchromasia
and coarse chromatin [Papinocolaou stain, 200x magnification]; d:Category IV(Positive For Malignancy)- Tumor cells displaying
nucleomegaly, anisonucleosis, hyperchromasia, nuclear molding, nuclear membrane irregularity and clumped chromatin. [May Grunwald

Giemsa stain, 200x magnification]

On cytological evaluation, the majority of the biliary brushings (n=52, 60.5%) were benign/negative/reactive, 23 (26.7%) samples

were positive for malignancy, 8 (9.3%) had suspicious cytology, and 3 (3.5%) were inadequate/unsatisfactory [Table 1].

A confirmatory tissue diagnosis was available in 36 cases (45%). The tumors (n=24) encountered were cholangiocarcinoma
(n=11), periampullary adenocarcinoma (n=6), gallbladder adenocarcinoma (n=5), and pancreatic adenocarcinoma (n=2). Benign
lesions (n=12) included 5 cases of inflammatory stricture, 4 cases of postoperative stricture, 2 cases of chronic pancreatitis, and a
single case of primary sclerosing cholangitis (PSC). Based on follow-up and clinico-radiological features, 11 cases were
considered malignant, and 14 cases had a benign course. Nineteen patients (23.75%) were eventually excluded from further
analyses (14 negative/benign, 2 suspicious, 3 positive for malignancy on cytology) due to lack of histologic/radiologic

confirmation of disease or clinical follow-up.

The sensitivity, specificity, positive predictive and negative predictive values, as well as the diagnostic accuracy, are presented in

[Table 2].
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STUDY Patients who underwent ERCP or PTC procedures along with endobiliary brushing, between January 2012 and
POPULATION December 2017 (n=80)
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Figure 2: Flowchart briefly depicting the study methodology

Table 1: Cytological Categorization of Endobiliary Brush Smears Obtained During Endoscopic Retrograde
Cholangiopancreatography (ERCP) and Percutaneous Transhepatic Cholangiography (PTC)

Method Total Total Category I: Category II: Category Category

Number | Number | Unsatisfactory/Inadequate | Negative/Benign/Reactive III: Iv:
of of Suspicious | Malignant

Patients | Samples

ERCP 63 69* 2 45 6 16

Brush

PTC 17 17 1 7 2 7

Brush

Total 80 86 3 52 8 23

Five patients had more than one cytological sample.

Table 2: Sensitivity (SN), Specificity (SP), Positive Predictive Value (PPV), Negative Predictive Value (NPV), and Diagnostic
Accuracy (DA) of Endobiliary Brush Smears Obtained During Endoscopic Retrograde Cholangiopancreatography (ERCP)
and Percutaneous Transhepatic Cholangiography (PTC)

Method SN % (95% CI) | SP % (95% CI) | PPV % (95% CI) | NPV % (95% CI) | DA % (95% CI)
ERCP Brush 66.7 (44.7-84.4) | 95.7(78.0-99.9) | 94.1 (69.7-99.1) | 73.3 (60.8-83.0) | 80.9 (66.7-90.9)
PTC Brush 72.7 (39.0-94.0) | 66.7(9.4-99.2) | 88.9(60.8-97.6) | 40.0 (16.0-70.0) | 71.4 (41.9-91.6)

Overall (ERCP+PTC) | 68.6 (50.7-83.2) | 92.3 (74.9-99.1) | 92.3 (75.7-97.9)

68.6 (56.9-78.3)
The values within the parentheses denote 95% confidence intervals.

78.7 (66.3-88.1)
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Discussion

The endobiliary brushings obtained under ERCP/PTC guidance produced adequately cellular smears with well-preserved cellular
morphology in most instances. Only three specimens (3.5%) were considered inadequate for diagnosis in our study cohort, which
is in par with the inadequacy rates reported in other similar studies [3, 5—8]. All three patients had distal CBD stricture. Later on,
two of them were diagnosed with cholangiocarcinoma on resected specimen. There were eleven false-negative results in our series
(nine reported as ‘negative for malignant cells’ and two as ‘inadequate/unsatisfactory’). Logrono and colleagues cited that
sampling errors, interpretive errors, and technical errors accounted for 66%, 17%, and 17% false-negative cytodiagnoses,
respectively, in their series [9]. As a policy of our lab, routine reporting/interpretation is made at a multi-headed microscope after
reaching a consensus, thereby eliminating any interobserver disagreement. This is also reflected by the fact that, during review,
none of the previous diagnoses was changed. False-negative cytology may also be due to submucosal location of the lesion,

strictures secondary to external compression of the biliary tract, difficult anatomical location of the lesion, and extensive fibrosis.

Suspicious cytology comprised 9.3% (n=8) of our cases, amongst which two were false positive. One case showed marked reactive
atypia in the distal CBD in the setting of acute-on-chronic calcific pancreatitis (Whipple’s resection), and the other displayed
features of reactive atypia secondary to cholangitis (intraductal forceps biopsy). Glasbrenner and colleagues also had similar
experiences, wherein chronic pancreatitis and other inflammatory pathology led to false-positive diagnoses [10]. This emphasizes
the fact that, at times, inflammation can induce alarming cytological changes, and the pathologist as well as the treating surgeon
should be aware of this well-known pitfall in bile duct cytology. In such scenarios, an intraductal forceps biopsy or repeat brushing
should be considered prior to a definitive surgical procedure. Few investigators have attempted to further categorize the suspicious
dysplastic cells on cytology into low-grade and high-grade dysplasia [11-13]. This was not done in our study, as we feel such

dichotomization has low reproducibility among pathologists and also has meager impact on the management course.

We found modest overall sensitivity (68.576%), high specificity (92.31%), high positive predictive value (92.31%), and moderate
diagnostic accuracy (78.69%), a result in concordance with the existing literature as depicted under Table-3 [1-3, 7, 10, 14-20].
Burnett et al. reviewed 16 studies, combined their data, and obtained a pooled sensitivity of 41.6% for endobiliary brush cytology
[21]. In another systematic review by Navaneethan U et al., cumulative sensitivity and specificity of endobiliary brushings in
detecting malignant biliary strictures were 45% and 99%, respectively [22]. de Peralta-Venturina et al. and Soyuer et al. found
ERCP-guided brush cytology to be more sensitive and specific than smears prepared at PTC [3, 20]. In our study cohort, ERCP
brushing performed better than PTC brushings at distinguishing between the ‘positive’ and ‘negative’ groups (AUC 0.98 vs. AUC
0.90; Figure 3). However, although the specificity and diagnostic accuracy of ERCP were higher than PTC, the brushings obtained
at PTC performed better than those of ERCP in terms of sensitivity [Table-2]. Many investigators have studied the sensitivity and
specificity of biliary cytology in patients with primary sclerosing cholangitis, with sensitivity ranging from 36%—-83% and
specificity ranging from 95%—100% [11, 19, 23, 24]. We encountered only a single case of primary sclerosing cholangitis, which

had negative cytology.

We received repeated endobiliary brushings in five patients, amongst whom four patients had two samples each, while one patient
had three brushings [Table-4]. In two patients, the initial cytology was suspicious for malignancy and the repeat smears were
negative, but only one of them had malignancy. One patient, who had three cytologically negative brush smears, was later

diagnosed with cholangiocarcinoma on intraductal forceps biopsy. Hence, in our experience, repeat smears did not add to the
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diagnostic value, in contrast to other authors’ views advocating repeated brushings to increase the cancer detection rate [7, 25,

26]. However, the number of patients undergoing repeat sampling is too small in our study cohort to draw definite conclusions.

Table 3: Comparison of Sensitivity (SN), Specificity (SP), Positive Predictive Value (PPV), Negative Predictive Value (NPYV),
and Diagnostic Accuracy (DA) of Endobiliary Brush Cytology Across Various Studies

Authors SN% | SP% | PPV % | NPV % | DA %
Present Study 68.6 92.3 92.3 68.6 78.7
Peralta-Venturina et al® | 88.9 95.7 96 88 92
Ding et al'* 79.4 85.7 - - -
Govil et al's 68 100 - - -
Mehmood et al'® 65.3 100 100 27 -
Temiiio et al'” 62 100 100 58 -
Mahmoudi et al'® 61 98 99 57 -
Stewart et al’ 59.8 98.1 98 61.3 -
Ferrari et al? 56.2 100 100 51.2 70
Glasbrenner et al'® 56.1 90.5 94.1 43.2 65.4
Lindberg et al* 55 100 100 66 76
Soyuer et al*® 48 100 100 69 75
Costa et al 40 100 100 55 65.4

Table 4: Cytological and Final Diagnosis of Patients With More Than One Endobiliary Brush Sample

Age/Gender | Initial Cyto-Diagnosis Diagnosis on Repeat Brushings | Final Diagnosis

Patient 1 | 30/Male Suspicious (Category I1I) | Negative (Category II) Benign®®
Patient 2 | 67/Male Suspicious (Category I1I) | Negative (Category II) Malignant®
Patient 3 | 74/Male Negative (Category II) Negative (Category II) Malignant®
Patient 4 | 68/Female Negative (Category II) Negative (Category II) Benign®
Patient 5 | 52/Female Negative (Category II) Negative (Category 1) Malignant®

a = Histopathological diagnosis; b = Clinico-radiological diagnosis.

[ ROC : ERCP BRUSH | [ ROC : PTC BRUSH |
10~ 10-

AUC =0.98

AUC=0.90

0S- 0S5~

True positive rate (Sensitivity)
True positive rate (Sensitivity)

00- 00-
] | | | I I
False positive rate (1-Specificity) False positive rate (1-Specificity)

Figure 3: Receiver operating curve (ROC) for endobiliary brushings at ERCP(a) and PTC(b): The blue line with red dots

indicates the smoothed ROC. The grey lines denote the 95 % confidence interval of the ROC. Area under ROC curve (AUC)
is >0.5 and <1.0 for both
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Stricture dilation and manipulation have been shown to improve the yield of biliary brush cytology [25, 27, 28]. In this regard,
various investigators have utilized different techniques such as the 10F Howell device/Cook Endoscopy by Farrell et al. [28],
scraping brush by Parasher and Huibregtse [29], Soehendra stent retriever by Brand et al. [30], and basket cytology by Bang et al.
[31]. Fogel et al. obtained a better cellular yield with a larger and stiffer cytology brush (Cytolong brush), but unfortunately, the
increased cellularity did not translate into improved sensitivity, and the investigator also experienced difficulty in stricture
negotiation [32]. One of the major drawbacks of our study is that, being retrospective in nature, information regarding whether

the sampling was done prior to or after stricture dilation was not available.

The use of liquid-based technologies is gaining popularity for the preparation of non-gynecological specimens, and this holds true
for bile duct brushing specimens also. Volmar et al. [8] and Ylagan et al. [33] opined that ThinPrep liquid-based technology is
advantageous over direct brush smears, as it eliminates air-drying artifact, lyses RBCs, decreases overlapping of cells, and
provides better preservation of 3D micropapillary structures. Volmar et al. [8] also stated that the combination of both direct brush
smear and ThinPrep method was superior to either direct smear with cytospin or direct smear alone in terms of improved sensitivity
and diagnostic accuracy. Similarly, in a more recent comparative study by Siddiqui et al. [4], ThinPrep smears of bile duct
brushings showed better cellularity and cellular preservation and better sensitivity (77% vs. 66%) when compared with

conventional smears. Also, cell-block preparation has been shown to increase the diagnostic value of endobiliary brushings [1].

In an effort to further enhance the sensitivity of biliary brushing cytology, various ancillary techniques have been investigated.
Mutational analysis of p53 and K-RAS in biliary brushings has been attempted by various authors but has yielded contradictory
results [35—39]. In the study by Lindberg B et al. [19], flow cytometric DNA measurements for aneuploidy had lower sensitivity
(52% vs. 55%) and specificity (96% vs. 100%) than brush cytology, whereas Ryan and Baldauf [40] improved the sensitivity from
42% (brush cytology only) to 63% by combining cytology with flow cytometric analysis. Levy et al. [41] showed that digital
image analysis (DIA), fluorescent in-situ hybridization (FISH), and combined DIA/FISH significantly improved the diagnostic
yield of biliary brushings. Kipp and colleagues [42] performed FISH on bile duct aspiration and brushing specimens using a
mixture of fluorescently labeled probes to centromeres of chromosomes 3, 7, and 17 and chromosomal band 9p21, and reported
the assay to be significantly more sensitive than conventional bile duct cytology. Recently, Keane MG et al. [43] measured the
levels of minichromosome maintenance replication protein 5 (MCMS) in biliary brush samples using immunocolorimetric ELISA
assay and concluded that MCMS is a more sensitive indicator of pancreatico-biliary malignancy than standard brush cytology
(55.6% vs. 25.0%). However, such advanced diagnostic modalities are not in common use at all hospitals and are available only
at a few select centers. Also, additional research with larger sample sizes needs to be carried out to establish the role of these

molecular techniques as an adjunct in routine biliary brush specimens.
Conclusion

We found directly-smeared brush cytology to be diagnostically reliable, moderately sensitive, and highly specific for diagnosing
common bile duct lesions encountered at ERCP/PTC. Thus, it could be reliably used as a first-line diagnostic modality in the
evaluation of extrahepatic biliary strictures. The specificity and diagnostic accuracy of ERCP brushings were higher than PTC
brushings, whereas the brushings obtained at PTC performed better than those of ERCP in terms of sensitivity. The study reaffirms
that false-negative results can occur due to factors such as submucosal lesions and technical limitations, emphasizing the need for
repeat procedures or additional biopsy techniques in suspicious cases. Additionally, while advanced techniques like ThinPrep,

cell block preparation, and molecular diagnostics show promise in enhancing diagnostic accuracy, their widespread adoption is
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limited by availability and cost considerations. Overall, despite inherent limitations, endobiliary brush cytology remains a valuable
diagnostic modality for biliary strictures, with potential improvements through the integration of advanced diagnostic methods in

the future.
Abbreviations:

MGG — May-Grunwald Giemsa, PAP — Papanicolaou stain, NHGUC — Negative for High-Grade Urothelial Carcinoma, AUS —
Atypical Urothelial Cell, LGUC — Low-grade urothelial neoplasm, HGUC — High-grade urothelial carcinoma, PUNLMP —

Papillary urothelial neoplasm of low malignant potential
Acknowledgements: None

Funding: Nil

Competing Interests: None

References

1. Costa M, Canena J, Mascarenhas-Lemos L, Loureiro R, Silva M, Carvalho D, et al. Outcomes of different methods for
analysis of biliary brush cytology and of factors associated with positive diagnosis in an age-dependent retrospective review.
Port J Gastroenterol. 2019;26:5—13.

2. Ferrari AP, Lichtenstein DR, Slivka A, Chang C, Carr-Locke DL. Brush cytology during ERCP for the diagnosis of biliary
and pancreatic malignancies. Gastrointest Endosc. 1994;40:140-5.

3. de Peralta-Venturina MN, Wong DK, Purslow MJ, Kini SR. Biliary tract cytology in specimens obtained by direct
cholangiographic procedures: a study of 74 cases. Diagn Cytopathol. 1996;14:334-48.

4. Avadhani V, Hacihasanoglu E, Memis B, Pehlivanoglu B, Hanley KZ, Krishnamurti U, et al. Cytologic predictors of
malignancy in bile duct brushings: a multi-reviewer analysis of 60 cases. Mod Pathol. 2017;1-14.

5. Kocjan G, Smith AN. Bile duct brushings cytology: potential pitfalls in diagnosis. Diagn Cytopathol. 1997;16:358—63.

6. 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: results of a prospective study. Gastrointest Endosc. 1995;42:565-72.

7. Stewart CJR, Mills PR, Carter R, O’Donohue J, Fullarton G, Imrie CW, et al. Brush cytology in the assessment of pancreatico-
biliary strictures: a review of 406 cases. J Clin Pathol. 2001;54:449-55.

8. Volmar KE, Vollmer RT, Routbort MJ, Creager AJ. Pancreatic and bile duct brushing cytology in 1000 cases: review of
findings and comparison of preparation methods. Cancer. 2006;108:231-8.

9. Logrono R, Kurtycz DF, Molina CP, Trivedi VA, Wong JY, Block KP. Analysis of false-negative diagnoses on endoscopic
brush cytology of biliary and pancreatic duct strictures: the experience at two university hospitals. Arch Pathol Lab Med.
2000;124:387-92.

10. 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(9):712-7.

11. Layfield LJ, Wax TD, Lee JG, Cotton PB. Accuracy and morphologic aspects of pancreatic and biliary duct brushings. Acta
Cytol. 1995;39:11-8.

12. 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.

13. Mansfield JC, Griffin SM, Wadehra V, Matthewsom K. A prospective evaluation of cytology from biliary strictures. Gut.
1997;40:671-7.

14. Ding SM, Lu AL, Xu BQ, Shi SH, Edoo MIA, Zheng SS, et al. Accuracy of brush cytology in biliopancreatic strictures: a
single-center cohort study. J Int Med Res. 2021;49:1-9.

15. Govil H, Reddy V, Kluskens L, Treaba D, Massarani-Wafai R, Selvaggi S, et al. Brush cytology of the biliary tract:
retrospective study of 278 cases with histopathologic correlation. Diagn Cytopathol. 2002;26:273-7.

16. Mehmood S, Loya A, Yusuf MA. Biliary brush cytology revisited. Acta Cytol. 2016;60:167-72.

Annals of Pathology and Laboratory Medicine, Vol. 12, Issue 6, June 2025



Palo et al. A-139

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lopez-Jurado RT, Acosta GC, Pintos MA, Caravaca GR, Navarro JLL, Rodriguez CF. Diagnostic yield of brush cytology for
biliary stenosis during ERCP. Rev Esp Enferm Dig. 2009;101:385-94.

Mahmoudi N, Enns R, Amar J, Al Ali J, Lam E, Telford J. Biliary brush cytology: factors associated with positive yields on
biliary brush cytology. World J Gastroenterol. 2008;14:569—73.

Lindberg B, Arnelo U, Bergquist A, Thorne A, Hjerpe A, Granqvist S, et al. Diagnosis of biliary strictures in conjunction
with endoscopic retrograde cholangiopancreatography, with special reference to patients with primary sclerosing cholangitis.
Endoscopy. 2002;34:909-16.

Soyuer I, Tasdemir A, Gursoy S, Yurci A, Mavili E, Ozcan N. Endoscopic biliary tract brush cytology in 54 cases. Turk J
Med Sci. 2010;40:807-12.

Burnett AS, Calvert TJ, Chokshi RJ. Sensitivity of endoscopic retrograde cholangiopancreatography standard cytology: 10-
year review of the literature. J Surg Res. 2013;184:304—11.

Navaneethan U, Njei B, Lourdusamy V, Konjeti R, Vargo JJ, Parsi MA. Comparative effectiveness of biliary brush cytology
and intraductal biopsy for detection of malignant biliary strictures: a systematic review and meta-analysis. Gastrointest
Endosc. 2015;81:168-76.

Siqueira E, Schoen RE, Silverman W, Martin J, Rabinovitz M, Weissfeld JL, et al. Detecting cholangiocarcinoma in patients
with primary sclerosing cholangitis. Gastrointest Endosc. 2002;56:40-7.

Furmanczyk PS, Grieco VS, Agoff SN. Biliary brush cytology and the detection of cholangiocarcinoma in primary sclerosing
cholangitis: evaluation of specific cytomorphologic features and CA19-9 levels. Am J Clin Pathol. 2005;124:355-60.
Ornellas LC, Santos GC, Nakao FS, Ferrari AP. Comparison between endoscopic brush cytology performed before and after
biliary stricture dilation for cancer detection. Arq Gastroenterol. 2006;43:20-3.

de Bellis M, Fogel EL, Sherman S, Watkins JL, Chappo J, Younger C, et al. Influence of stricture dilation and repeat brushing
on the cancer detection rate of brush cytology in the evaluation of malignant biliary obstruction. Gastrointest Endosc.
2003;58:176-82.

Mohandas KM, Swaroop VS, Gullar SU, Dave UR, Jagannath P, DeSouza LJ. Diagnosis of malignant obstructive jaundice
by bile cytology: results improved by dilating the bile duct strictures. Gastrointest Endosc. 1994;40:150—4.

Farrell RJ, Jain AK, Brandwein SL, Wang H, Chuttani R, Pleskow DK. The combination of stricture dilation, endoscopic
needle aspiration and biliary brushings significantly improves diagnostic yield from malignant bile duct strictures.
Gastrointest Endosc. 2001;54:587-94.

Parasher VK, Huibregtse K. Endoscopic retrograde wire-guided cytology of malignant biliary strictures using a novel scraping
brush. Gastrointest Endosc. 1998;48:288-90.

Brand B, Thonke F, Obytz S, Binmoeller KF, Rathod V, Seitz U, et al. Stent retriever for dilation of pancreatic and bile duct
strictures. Endoscopy. 1999;31:142-5.

Bang KB, Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, et al. Comparison of brush and basket cytology in differential
diagnosis of bile duct stricture at endoscopic retrograde cholangiopancreatography. Hepatobiliary Pancreat Dis Int.
2014;13:622-7.

Fogel EL, de Bellis M, McHenry L, Watkins JL, Chappo J, Cramer H, et al. Effectiveness of a new long cytology brush in
the evaluation of malignant biliary obstruction: a prospective study. Gastrointest Endosc. 2006;63:71-7.

Ylagan LR, Liu LH, Maluf HM. Endoscopic bile duct brushing of malignant pancreatic biliary strictures: retrospective study
with comparison of conventional smear and ThinPrep techniques. Diagn Cytopathol. 2003;28:196-204.

Siddiqui MT, Gokaslan ST, Saboorian MH, Carrick K, Ashfaq R. Comparison of ThinPrep and conventional smears in
detecting carcinoma in bile duct brushings. Cancer. 2003;99:205-10.

Sturm PD, Hruban RH, Ramsoekh TB, Noorduyn LA, Tytgat GN, Gouma DJ, et al. The potential diagnostic use of K-ras
codon 12 and p53 alterations in brush cytology from the pancreatic head region. J Pathol. 1998;186:247-53.

Stewart CJR, Burke GM. Value of p53 immunostaining in pancreaticobiliary brush cytology specimens. Diagn Cytopathol.
2000;23:308-13.

Van Laethem JL, Bourgeois V, Parma J, Delhaye M, Cochaux P, Velu T, et al. Relative contribution of Ki-ras gene analysis
and brush cytology during ERCP for the diagnosis of biliary and pancreatic disease. Gastrointest Endosc. 1998;47:479-85.
Bramhall SR. The use of molecular technology in the differentiation of pancreatic cancer and chronic pancreatitis. Int J
Pancreatol. 1998;23:83-100.

www.pacificejournals.com/apalm eISSN: 2349-6983; pISSN: 2394-6466



A-140 Brush Cytology in Extrahepatic Biliary Strictures

39.

40.

41.

42.

43.

Pugliese V, Pujic N, Saccomanno S, Gatteschi B, Pera C, Aste H, et al. Pancreatic intraductal sampling during ERCP in
patients with chronic pancreatitis and pancreatic cancer: cytologic studies and K-ras-2 codon 12 molecular analysis in 47
cases. Gastrointest Endosc. 2001;54:595-9.

Ryan ME, Baldauf MC. Comparison of flow cytometry for DNA content and brush cytology for detection of malignancy in
pancreaticobiliary strictures. Gastrointest Endosc. 1994;40:133-9.

Levy MJ, Baron TH, Clayton AC, Enders FB, Gostout CJ, Halling KC, et al. Prospective evaluation of advanced molecular
markers and imaging techniques in patients with indeterminate bile duct strictures. Am J Gastroenterol. 2008;103:1263-73.
Kipp BR, Stadheim LM, Halling SA, Pochron NL, Harmsen S, Nagorney DM, et al. A comparison of routine cytology and
fluorescence in situ hybridization for the detection of malignant bile duct strictures. Am J Gastroenterol. 2004;99:1675-81.
Keane MG, Huggett MT, Chapman MH, Johnson GJ, Webster GJ, Thorburn D, et al. Diagnosis of pancreaticobiliary
malignancy by detection of minichromosome maintenance protein 5 in biliary brush cytology. Br J Cancer. 2017;116:349—
55.

Annals of Pathology and Laboratory Medicine, Vol. 12, Issue 6, June 2025



