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Abstract

BACKGROUND

Brush cytology is the most commonly used technique for tissue acquisition during
endoscopic retrograde cholangiopancreatography for the evaluation of biliary
strictures. Nonetheless, brush cytology is limited by its low sensitivity due to
insufficient cellular yield.

AIM
To evaluate the impact of the sheath-rinse technique on improving the cellularity
yield.

METHODS

A total of 112 patients with suspected malignant biliary strictures were enrolled at
two tertiary centers in South Korea. The sample cellularity and diagnostic
accuracy of brush-wash and sheath-rinse specimens were compared.
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RESULTS

A significantly increased number of total cell clusters per representative 20 x field was recorded in the sheath-rinse
compared with the brush-wash specimens (median: 12 vs 3, P < 0.001). This trend persisted when large (> 50 cells)
clusters (median: 8 vs 3, P < 0.001), medium (6-49 cells) (median: 7 vs 3, P < 0.001), and small (2-5 cells) clusters
(median: 9 vs 3, P < 0.001) were evaluated. Diagnostic accuracy and sensitivity for differentiating malignancy were
superior with sheath-rinsing than with the brush-wash method (72.3% vs 62.5%, P < 0.001 and 69.9% vs 59.2%, P <
0.001, respectively).

CONCLUSION

Incorporating sheath-rinse specimens significantly improved the yield and diagnostic accuracy of biliary brush
cytology. Sheath-rinsing should be integrated into routine clinical practice to improve diagnostic performance for
biliary strictures.

Key Words: Endoscopic retrograde cholangiopancreatography; Cytopathology; Diagnostic yield; Biliary stricture; Sheath-
rinsing

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Brush cytology is commonly used to collect tissue samples during endoscopic retrograde cholangiopancreato-
graphy for the evaluation of biliary strictures, but the diagnostic sensitivity of the method is limited because of an
insufficient cellular yield. We evaluated whether sheath rinsing affects cellular yield. Our findings showed that the yield and
diagnostic accuracy of biliary brush cytology improved significantly when sheath-rinsed specimens were assessed. This
technique should be included in routine clinical practice to improve diagnostic performance for biliary strictures.
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INTRODUCTION

Diagnosing and managing biliary strictures and malignancies pose a considerable clinical challenge. Despite advances in
imaging techniques, certain biliary lesions remain elusive or indeterminate, thus requiring direct cellular examination for
a definitive diagnosis[1]. Biliary brush cytology is the most commonly used technique for tissue acquisition during
endoscopic retrograde cholangiopancreatography (ERCP)[2] and is considered a reliable initial sampling method owing
to its high specificity, simplicity, safety, and cost-effectiveness[3]. Nevertheless, brush cytology has limitations, such as a
low sensitivity and increased negative predictive value (NPV), because of low specimen cellularity[4]. A systematic
review and meta-analysis reported that the pooled sensitivity of brush cytology for cholangiocarcinoma was 56.0%
(95%CI: 48.8-63.1)[5]. Intraductal sampling with biopsy forceps is another option for tissue sampling; however, this
method is less commonly used because of the difficulty in advancing the forceps in various biliary lesions, especially in
the intrahepatic duct[6]. Single-operator cholangioscopy (SOC) enables visually directed biopsy and has superior
diagnostic accuracy compared to conventional ERCP-guided biopsy[7]. Nonetheless, its high cost and lack of widespread
availability limit their use in routine clinical practice[6].

In this evolving landscape, improving the diagnostic yield of more accessible techniques, such as biliary brush
cytology, remains a priority. A recent study suggested that incorporating brush-rinse techniques improves diagnostic
accuracy by increasing the cellular yield, and reported that the addition of a sheath rinse to the standard brushing
procedure increased the overall specimen cellularity[8]. However, the study included a limited number of patients (n =
13). Therefore, the current multicenter prospective study aimed to validate the effect of brush-rinsing on diagnostic
accuracy for biliary strictures in a sufficient number of patients.

MATERIALS AND METHODS

Participants

This study involved prospective data collection and a retrospective cohort review at two tertiary referral centers (Ulsan
University Hospital and Eunpyeong St. Mary’s Hospital) in South Korea from September 2022 to October 2023. Patients
aged > 18 years with suspected malignant biliary strictures on computed tomography (CT) and/or magnetic resonance
imaging (MRI) that required histological confirmation through ERCP were included in the study. Patients were deemed
ineligible for enrollment if they met any of the following exclusion criteria: (1) Coagulopathy characterized by an interna-
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tional normalized ratio greater than 1.5; (2) A platelet count of < 50000/ mm?; (3) Current use of anticoagulants that could
not be temporarily discontinued; (4) Cardiopulmonary disease that could render sedation unsafe; (5) Anatomic changes
from previous surgery or gastric outlet obstruction; (6) Inability or unwillingness to provide informed consent; and (7)
Ongoing pregnancy. The study protocol was approved by the Institutional Review Board of each center, and written
informed consent was obtained from all enrolled patients.

Procedure

All procedures were performed by three experienced therapeutic endoscopists from each center (So H, Ko SW, and Yoon
SB). After selective biliary cannulation, a contrast medium was injected into the stricture site through a catheter. The
location and length of the strictures were determined using fluoroscopy. A 0.025-inch guidewire (VisiGlide; Olympus
Medical, Tokyo, Japan or Jagwire; Boston Scientific, Natick, MA, United States) was placed over the ductal stricture area.
Following the removal of the catheter, a cytology brush (RX Cytology Brush; Boston Scientific, Natick, MA, United States)
with an 8-Fr-diameter sheath and a 2.1-mm-diameter brush integrating a two-part lumen (one for the guidewire and the
other for the brush) (Figure 1) was inserted along the guidewire. Once the sheath was advanced to the distal part of the
stricture, the brush was pushed out of the sheath and withdrawn through the stricture with 10 in-and-out movements
under fluoroscopic guidance. Subsequently, the brush was retracted into the sheath and simultaneously withdrawn from
the duodenoscope, along with the sheath catheter, leaving the guidewire across the stricture.

Specimen preparations

For all patients, brush-wash and sheath-rinse specimens were prepared in pairs (Figure 2). For the brush-wash, SurePath
liquid-based cytology (LBC) specimens were prepared as follows: After retrieving the brush, it was cut and placed in
CytoRich Red solution (Becton Dickinson, Franklin Lakes, NJ, United States) for processing. The sample was immediately
delivered to the pathology laboratory and centrifuged at 3000 r/m for 1 minute. Following the removal of the brush, a
second centrifugation was performed to isolate the cell pellet. Subsequently, the collected pellet was smeared onto a glass
slide, fixed with 95% ethanol, and stained with the papanicolaou stain.

For the sheath-rinse, SurePath LBC specimens were prepared as follows: (1) The contents in the sheath were rinsed in a
separate container using a 10-cc syringe filled with CytoRich Red solution (Becton Dickinson); (2) The specimen was
centrifuged at 3000 r/m for 1 minute to isolate the cell pellet, which was then smeared onto a glass slide; and (3) The
subsequent steps for the sheath-rinse samples were the same as those for the brush-wash samples.

Definition of outcomes

The primary outcome measure was a comparison of cellular yield between the brush-wash and sheath-rinse specimens.
Cellular yield was determined by counting cell clusters as follows: (1) First, each slide was evaluated to identify a repres-
entative microscopic field of 20 x, which corresponded to approximately 4% of the total area of the slide; (2) Upon
selection of this field, a detailed evaluation was performed to quantify epithelial cellularity by categorizing the cell
clusters into large (> 50 cells), medium (6-49 cells), small (2-5 cells), or single-cell clusters[4]; (3) A subgroup analysis of
cellular yield was conducted according to stricture location (proximal vs distal); and (4) The hepatic hilum and
intrahepatic bile duct were defined as the proximal bile ducts, whereas the common hepatic and bile ducts were defined
as the distal bile ducts.

The secondary outcome measure was the diagnostic accuracy of the specimens for detecting malignancy. A gold
standard diagnosis of malignancy was established based on clear histological evidence of malignancy in specimens
obtained through ERCP or surgical resection, the appearance of metastatic lesions, or a decline in clinical status at follow-
up. Lesions were classified as benign if malignancy was absent in the surgical pathology reports or if the patients
exhibited continued well-being and showed no evidence of radiological progression, as determined in CT and/or MRI,
for at least 6 months after the initial procedure. According to current standards, cytopathologic diagnoses of “malignant”
or “suspicious for malignancy” were considered positive, whereas “atypical” and “negative for malignancy” were
considered negative[9]. Diagnostic accuracy was determined by calculating the ratio of true positives and true negatives
to the total number of cases evaluated. The cytological specimens were evaluated by board-certified cytopathologists (Lee
YS and Choi HJ) at each center, who were blinded to the sample source.

Statistical analysis

Normally distributed continuous variables are presented as means + SD and were analyzed using Student’s t-test. Non-
normally distributed continuous variables are expressed as medians and interquartile range (IQR) and were analyzed
using the Wilcoxon rank-sum test. Categorical variables are reported as counts and percentages and were compared
using the ¥? test or Fisher’s exact test, as appropriate. Comparisons between pairs of samples from the same patients were
performed using McNemar’s test. Statistical analyses were performed using R software version 4.3.0 as part of RStudio,
with statistical significance set at P < 0.05.

RESULTS

Baseline characteristics
A total of 112 patients with biliary strictures were enrolled at two tertiary centers in South Korea from September 2022 to
October 2023. Table 1 summarizes the baseline characteristics of the participants. The mean age of the cohort was 71.2
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Table 1 Baseline characteristics, n (%)

Demographic factors N=112

Age (years) 71.2+9.6
Male sex 66 (58.9)
Baseline bilirubin level (mg/dL) 6.8 (2.1-13.4)
Baseline cancer antigen 19-9 level (IU/L) 220 (37-628.5)

Location of brushing

Common bile duct 66 (58.9)
Common hepatic duct 8(7.1)
Hepatic hilum 36 (32.1)
Intrahepatic duct 2(1.9)
Diagnosis

Malignancy

Pancreatic adenocarcinoma 32 (28.6)
Hilar cholangiocarcinoma 32 (28.6)
Distal cholangiocarcinoma 29 (25.9)
Gallbladder adenocarcinoma 7(6.3)
Intrahepatic cholangiocarcinoma 2(1.8)
Hepatocellular carcinoma 1(0.9)
Benign

Benign common bile duct stricture 8 (7.1)
Immunoglobulin G 4-related sclerosing cholangitis 1(0.9)

Values are expressed as mean # SD, 1 (%), or median (interquartile range).

Figure 1 Close-up photo of the biliary cytology brush used in this study.

years * 9.6 years, with men accounting for 58.9% (n = 66) of all patients. The locations of biliary brushing were the
common bile duct in 66 (58.9%) patients, common hepatic duct in 8 (7.1%) patients, hepatic hilum in 36 (32.1%) patients,
and the intrahepatic bile duct in 2 (1.9%) patients.

In the entire cohort, 103 (92.0%) patients and 9 (8%) patients had malignant and benign strictures, respectively. Among
the 103 patients with malignancy, the most common diagnoses were pancreatic cancer (1 = 32, 28.6%) and hilar cholan-
giocarcinoma (n = 32, 28.6%), followed by distal cholangiocarcinoma (1 = 29, 25.9%), gallbladder cancer (n =7, 6.3%), and
other malignancies (n = 3, 2.7%). Of the nine patients with benign diagnoses, eight had benign biliary strictures, whereas
one had immunoglobulin G 4-related cholangitis. None of the patients developed any adverse events associated with
cytological brushing.
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Figure 2 Preparation of the specimens. A: Brush-wash specimens: The brush head was cut off the wire, placed in the medium, and centrifuged at 3000 r/m for
1 minute; B: Sheath-rinse specimens: The contents of the sheath were rinsed into the medium using a 10-cc syringe, and the specimens were centrifuged at 3000 r/m
for 1 minute to isolate the cell pellet.

Cellular yield between the brush-wash and sheath-rinse specimens

The cellular yield of the brush-wash vs sheath-rinse specimens was evaluated based on the median number of cell clusters
per 20 x microscopic fields. The median number of total cell clusters was significantly higher in sheath-rinse specimens
than in brush-wash specimens [median (IQR): 12 (4-21) vs 3 (1-6), P < 0.001] (Figure 3). This pattern was consistent across
specimens with different-sized clusters: (1) Large (> 50 cells) [8 (3-38) vs 3 (1-13), P < 0.001]; (2) Medium (6-49 cells) [7 (3-
27) vs 3 (1-9), P < 0.001]; (3) Small (2-5 cells) [9 (2-36) vs 3 (1-14), P < 0.001]; and (4) Single-cell clusters [20 (4-111) vs 6 (0-
41), P < 0.001], as presented in Table 2. Subgroup analysis according to bile duct location revealed that the sheath-rinse
specimens consistently yielded a significantly higher number of cell clusters than the brush-wash specimens, irrespective
of location (proximal vs distal) (Table 3).

Diagnostic performance

Table 4 presents the results regarding the diagnostic performance of brush-wash and sheath-rinse specimens, as well as
their combined use. The performance measures were diagnostic accuracy, sensitivity, specificity, NPV, and positive
predictive value (PPV). The sheath-rinse specimens were associated with significantly higher diagnostic accuracy [72.3%
vs 62.5%; difference 9.8% (95%ClI: 3.5-22.5), P < 0.001] and sensitivity [69.9% vs 59.2%; difference 10.7 (95%ClI: 12.6-26.0), P
< 0.001] than the brush-wash specimens. When used together, a higher accuracy of 74.1% and sensitivity of 71.8% were
achieved, which were statistically superior to those of brush-wash specimens (P < 0.001). No significant differences in
specificity, NPV, or PPV were identified between the methods.

DISCUSSION

Various strategies involving the use of different sampling techniques[6], newly developed devices[4], and molecular
methods such as fluorescence in situ hybridization (FISH)[10] have been evaluated to improve diagnostic accuracy in
assessing biliary strictures. Multimodal sampling is technically challenging, time-consuming, and expensive. While the
usefulness of rapid on-site evaluation (ROSE) for biliary cytology specimens has been reported[11,12], ROSE may not be
cost-effective or available in most endoscopic suites[13]. SOC, a relatively new diagnostic method for pancreaticobiliary
strictures, provides a more accurate diagnosis than conventional ERCP-guided brush cytology according to the results of
a recent study by Gerges et al[7]. However, its clinical utility is constrained by the need for advanced technical expertise,
significant procedural costs, and the platform's design limitation, which accommodates only dedicated small-caliber
forceps[6]. Therefore, there exists a need to develop sampling techniques that can be widely adopted, regardless of the
endoscopic equipment or personnel infrastructure available.

Previous studies have shown the usefulness of sheath-rinse specimens in enhancing cellularity. Wakasa et al[14]
evaluated the diagnostic accuracy of brush-wash and sheath-content specimens obtained from 141 patients with biliary
strictures and reported that conventional smears yielded an accuracy rate of 68.8%, which increased to 78.7% when
brush-wash and sheath-content specimens were combined. Notably, the sheath was not rinsed but was directly cut and
centrifuged to isolate cells, which differs from the methodology adopted in our study. Furthermore, the sheath-content
specimens yielded a higher cellularity than the brush-wash specimens, although the assessment method was semiquant-
itative. Amog-Jones et al[8] also investigated the effect of sheath rinsing on cellular yield in biliary brush cytology by
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Table 2 Median number of cell clusters per method

Brush-wash (n=112) Sheath-rinse (n = 112) P value'
Total cell clusters 3 (1-6) 12 (4-21) <0.001
Large (> 50 cells) clusters 3 (1-13) 8 (3-38) <0.001
Medium (6-49 cells) clusters 3 (1-9) 7 (3-27) <0.001
Small (2-5 cells) clusters 3 (1-14) 9 (2-36) <0.001
Single-cell clusters 6 (0-41) 20 (4-111) <0.001

Wilcoxon rank sum test.
Values are expressed as median (interquartile range).

Table 3 Median number of cell cluster according to bile duct location

Proximal bile duct Brush-wash (n = 38) Sheath-rinse (n = 38) P value'
Total cell clusters 3 (1-7) 14 (8-23) <0.001
Large (> 50 cells) clusters 5 (1-19) 12 (4-77) <0.009
Medium (6-49 cells) clusters 5 (1-13) 8 (3-53) <0.019
Small (2-5 cells) clusters 5 (1-19) 13 (3-54) <0.017
Single-cell clusters 18 (1-70) 54 (9-207) <0.0021
Distal bile duct Brush-wash (n = 74) Sheath-rinse (n = 74) P value'
Total cell clusters 3 (2-6) 10 (3-19) <0.001
Large (> 50 cells) clusters 2 (1-11) 7 (2-28) <0.001
Medium (6-49 cells) clusters 2 (1-6) 7 (3-18) <0.001
Small (2-5 cells) clusters 3 (1-9) 8 (2-22) <0.001
Single-cell clusters 4 (0-28) 18 (3-82) <0.001
1Wilcoxon rank sum test.
Values are expressed as median (interquartile range).
#
e

Figure 3 Representative examples of cytological specimens. A: A brush specimen showing only a few medium and small clusters of biliary epithelial cells
(black arrows) (papanicolaou stain, magnification 20 x); B: A sheath-rinse specimen showing several large (> 50 cells) irregular clusters of malignant cells as well as
medium (6-49 cells) and small (2-5 cells) clusters of biliary epithelial cells (orange arrows).
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Table 4 Diagnostic performance of the brush-wash vs. sheath-rinse specimens

Brush-wash (n=112) Sheath-rinse (n =112) Combined (n=112) P value
Accuracy 62.5 (52.9-71.5) 72.3 (63.1-80.4) 74.1 (65.0-81.9) <0.001"
<0.001”
0.157°
Sensitivity 59.2 (49.1-68.8) 69.9 (60.1-78.5) 71.8 (62.1-80.3) <0.001"
<0.001°
0.157°
Specificity 100 (66.3-100) 100 (66.4-100) 100 (66.3-100) NA
Positive predictive value 100 (94.1-100) 100 (95.0-100) 100 (95.1-100) NA
Negative predictive value 17.6 (8.4-30.9) 22.5 (10.8-38.5) 23.7 (11.4-40.2) 0.564*
0.483°
0.901°

"Brush-wash vs sheath-rinse.

2Brush-wash vs combined.

3Sheath-rinse vs combined (McNemar’s test).

*Brush-wash vs sheath-rinse.

®Brush-wash vs combined.

®Sheath-rinse vs combined ( test).

Values are expressed as n or 95%ClI (case/number for analysis). NA: Not applicable.

conducting a prospective study at a tertiary care center in the United States, which included 13 patients who underwent
ERCP for biliary strictures. The methodology used for sheath rinsing was similar to that used in our study. They showed
that the sheath-rinse technique, when used in combination with standard brush cytology, improved the overall cellularity
of the specimens. Specifically, overall cellularity was rated as moderate or high in 77% of the sheath-rinse specimens
compared with 62% of the brush-wash specimens alone. A notable limitation of that study was the small sample size (26
paired biliary specimens), which may have affected the statistical power and generalizability of the results.

The current study demonstrated the superiority of sheath-rinse specimens with respect to cellularity and diagnostic
accuracy in a sufficient number of patients with biliary strictures in a multicenter setting. Quantitative evaluation was
performed by board-certified cytopathologists using a scoring system, and the sheath-rinse specimens were found to
have a significantly higher total number of cell clusters. Additionally, the sensitivity and diagnostic accuracy for distin-
guishing malignant lesions from benign lesions increased significantly compared to those obtained with the brush
specimens. The theoretical mechanism underlying the higher cellularity of sheath-rinse specimens is as follows: (1) It is
hypothesized that cells are dislodged from the brush into the protective sheath during the brushing process; and (2) The
sheath scrapes the bile duct wall in the stricture area, potentially dislodging additional cellular material into the sheath
[8]. Furthermore, scraping through the stricture likely increases the cellular yield by exposing the subepithelial tissue[15].
This is critical because some cellular components of biliary lesions are located in the submucosal tissue, and simple
brushing may not effectively extract these deeper cells.

A further point for consideration is the LBC methodology, which includes two primary methods: (1) SurePath; and (2)
ThinPrep. ThinPrep involves collecting a sample, preserving it in a solution, and using filtration to produce a thin and
uniform layer of cells for microscopic examination[16]. This approach minimizes sample artifacts such as blood and
mucus and allows for a clearer diagnostic evaluation. To date, no studies have directly compared these two methods
when assessing biliary tract lesions. However, researches have demonstrated that compared to ThinPrep, SurePath is
associated with superior cellularity when evaluating uterine cervical[17,18] and urine specimens[19]. This advantage is
likely due to the distinct processing techniques employed. SurePath utilizes an ethanol-based preservative and a centrifu-
gation-based cell enrichment process, which more effectively separates diagnostic cells from contaminants such as blood
or mucus[17]. Further studies are needed to compare the diagnostic performance of the two methods in biliary lesions.

Biliary brush cytology is considered the cornerstone technique used during ERCP owing to its high specificity,
simplicity, safety, and cost-effectiveness. However, its utility has been hampered by its low sensitivity and increased
NPV, largely because of the low cellularity of specimens. This study proposes that sheath-rinse specimens, which have
higher cellularity than conventional brush-wash specimens, might be a potential solution for overcoming the drawbacks
of biliary brush cytology. This technique does not require additional accessories or procedures and appears to be cost-
effective and safe, with no adverse events associated with brush cytology. Using the same brush catheter requires the
endoscopist to insert the sheath into the stricture and perform at least 10 back-and-forth movements of the brush.

This study had some limitations. First, ancillary techniques were not used for evaluation of the specimens. Coupling
routine cytology specimens with FISH and next-generation sequencing appears to improve diagnostic sensitivity[10], and
the application of these techniques to sheath-rinse specimens rich in cells may improve performance. Additionally, novel
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molecular approaches, including flow cytometry for DNA analysis of aneuploidy, morphometry for assessing the nuclear
area, nuclear DNA content, as well as measurements of tumor markers in the bile fluid may be warranted to enhance the
diagnostic performance of brush cytology[20]. Second, while this was a multicenter study, only two institutions that used
identical processes in preparing the cytological specimens participated in this study. Future studies should include
institutions employing different processes to validate the effectiveness of sheath rinsing in various settings. Finally, there
was a lack of centralized pathology readings for all specimens, which may have introduced measurement bias in the
assessment of cellularity and diagnostic accuracy. However, we minimized this bias by using a validated scoring system
for cytological specimens.

CONCLUSION

This multicenter prospective study showed that sheath-rinse specimens, when combined with conventional brush-wash
specimens, significantly improved the diagnostic accuracy for biliary strictures by increasing the cellular yield. The
efficacy of this method highlights its potential as a valuable adjunct to ERCP-guided cytology, offering enhanced
diagnostic capabilities without additional procedural requirements. This approach may refine diagnostic strategies and
improve the outcomes of biliary stricture management.
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