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Abstract
AIM: To determine if a new brush design could im-
prove the diagnostic yield of biliary stricture brushings. 

METHODS: Retrospective chart review was performed 
of all endoscopic retrograde cholangiopancreatography 
procedures with malignant biliary stricture brushing 
between January 2008 and October 2012. A standard 
wire-guided cytology brush was used prior to proto-
col implementation in July 2011, after which, a new 9 
French wire-guided cytology brush (Infinity sampling 
device, US Endoscopy, Mentor, OH) was used for all 
cases. All specimens were reviewed by blinded pa-
thologists who determined whether the sample was 

positive or negative for malignancy. Cellular yield was 
quantified by describing the number of cell clusters 
seen. 

RESULTS: Thirty-two new brush cases were compared 
to 46 historical controls. Twenty-five of 32 (78%) cases 
in the new brush group showed abnormal cellular find-
ings consistent with malignancy as compared to 17 of 
46 (37%) in the historical control group (P  = 0.0003). 
There was also a significant increase in the average 
number of cell clusters of all sizes (21.1 vs  9.9 clusters, 
P  = 0.0007) in the new brush group compared to his-
torical controls. 

CONCLUSION: The use of a new brush design for 
brush cytology of biliary strictures shows increased di-
agnostic accuracy, likely due to improved cellular yield, 
as evidenced by an increase in number of cellular clus-
ters obtained.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The sensitivity of brush cytology for biliary 
strictures has historically been low (around 30%-60%). 
Many studies have described efforts to improve cellular 
yield and diagnostic accuracy with varying success. We 
describe the development of an improved biliary brush 
cytology protocol with the use of a new biliary brush 
design which more than doubled the diagnostic yield of 
our brush cytology as compared to the historical cases. 
Cytopathological analysis also showed increased cellu-
lar yield, and thus better diagnostic accuracy, with the 
improved protocol implementation.

RETROSPECTIVE STUDY

312 July 16, 2014|Volume 6|Issue 7|WJGE|www.wjgnet.com

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4253/wjge.v6.i7.312

World J Gastrointest Endosc  2014 July 16; 6(7): 312-317
ISSN 1948-5190 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.



Shieh FK, Luong-Player A, Khara HS, Liu H, Lin F, Shel-
lenberger MJ, Johal AS, Diehl DL. Improved endoscopic ret-
rograde cholangiopancreatography brush increases diagnostic 
yield of malignant biliary strictures. World J Gastrointest En-
dosc 2014; 6(7): 312-317  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v6/i7/312.htm  DOI: http://dx.doi.
org/10.4253/wjge.v6.i7.312

INTRODUCTION
Brush cytology during endoscopic retrograde cholangio-
pancreatography (ERCP) remains one of  the most com-
mon approaches to sample biliary strictures. Cytologic 
brushing has an excellent safety profile, widespread avail-
ability, and is relatively quick and simple to perform[1,2]. 
However, the reported sensitivity for brush cytology is 
low, ranging from 30%-60%[3]. Many studies have de-
scribed efforts to improve cellular yield and diagnostic ac-
curacy. These include disruption of  the biliary epithelium 
by dilating the stricture prior to brushing, two or more 
brush passes, use of  an extra-long cytology brush, im-
munohistochemistry, cell block method, and mutational 
analysis, all with varying success[4-15].

Obtaining adequate cellular yield appears to be a key 
factor in maximizing diagnostic sensitivity and accuracy. 
In 2011, a new wire-guided cytology brush (Infinity 
sampling device, US Endoscopy, Mentor, OH) was re-
leased for use. This brush has a 9 French sheath, and a 
combination of  stiff  and soft bristles designed with the 
objective of  maximizing tissue acquisition. The aim of  
our study was to see if  the use of  this new brush would 
be able to improve the diagnostic sensitivity of  ERCP-
guided biliary brushing of  malignant biliary strictures.

MATERIALS AND METHODS
Retrospective chart review of  consecutive ERCPs, per-
formed between January 2008 and October 2012 at 
our academic center, was conducted. ERCP procedures 
which involved cytologic brushing of  a biliary stricture 
for suspected malignant biliary obstruction were included 
in the study. All patients were eventually diagnosed with 
a malignant biliary obstruction either by endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) 
or by surgical resection. Our study was approved by the 
Geisinger Health System Institutional Review Board. 

Procedures performed between January 2008 and 
June 2011 served as historical controls. In this cohort, 
ERCP cytology brushing was performed with a standard 
8 French wire-guided brush (Cytomax, Cook Medical, 
Bloomington IN; or RX, Boston Scientific, Marlbor-
ough MA). Two passes, each with multiple to-and-fro 
movements across the biliary stricture, were performed. 
Smears on slides were prepared, and the brush head was 
then cut off  and sent in the cytology transport medium 
(RPMI).

A standardized protocol was instituted on July 1st, 

2011 for ERCP brushing of  biliary strictures. All cases 
were performed with the new 9 French wire-guided cy-
tology brush (Infinity sampling device, US Endoscopy, 
Mentor, OH) (Figure 1). This brush can be used with a 
short wire as well as a long wire system. After placement 
of  a biliary guidewire across the stricture, two separate 
passes, each with multiple to and fro movements, were 
performed with the brush across the biliary stricture. 
With the cytologic material collected from the first pass, 
two touch-prep smears were prepared, one of  which was 
sprayed with fixative (Protocol Cytologic Fixative, Fisher 
Scientific, Pittsburgh, PA), and the other smear was air-
dried. The brush was then agitated in the RPMI cytol-
ogy fluid to dislodge accumulated cellular material. The 
brush was subsequently rinsed with water and a second 
pass was performed with the same brush over the biliary 
guidewire. The brush was then removed; the brush head 
was cut off  and placed into the same tube of  RPMI cy-
tology fluid (Figure 2).

Salvage cytology was performed by injecting 5 mL 
of  RPMI cytology fluid through the brush catheter after 
brushing was completed. The two smear slides and the 
tube of  RPMI containing the brush head and salvage 
cytology were all submitted to cytology. The smears 
were stained, and a cell block was made from the tube 
contents. Smears and cell blocks were reviewed by 2 ex-
perienced cytopathologists blinded to the final diagnosis. 
Cellular yield was meticulously quantified by counting the 
number and size of  cell clusters seen (large clusters > 50 
cells, medium clusters 6-49 cells, small clusters 2-5 cells, 
and single cells). In accordance to current standards in 
the literature, cytopathological diagnosis of  “malignant” 
or “suspicious” were considered positive, while “atypical” 
cases were considered negative[9].

RESULTS
Thirty-two new protocol cases and 46 historical controls 
were analyzed. There were no significant differences 
in gender (63% vs 56% male, respectively, P = 0.55), 
or age (mean 70 vs 68 years old, respectively, P = 0.45) 
between the groups. The majority of  cases were either 
pancreatic adenocarcinoma or cholangiocarcinoma as 
eventually confirmed by EUS-FNA or surgical resection. 
The degree of  the biliary strictures was similar in both 
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Figure 1  Detail of the 9 French cytology brush (Infinity sampling device, 
US Endoscopy, Mentor, OH).



the groups. The 32 cases in the new protocol cohort 
consisted of  23 cases of  pancreatic adenocarcinoma, 7 
cases of  cholangiocarcinoma, and 2 gallbladder cancers. 
Twenty-five of  these 32 (78%) cases were diagnosed with 
malignancy based on biliary brush cytology using the 
new brush and cytology protocol. The 46 cases in the 
historical control group consisted of  22 cases of  chol-
angiocarcinoma, 20 cases of  pancreatic adenocarcinoma, 
and 4 others (2 gallbladder cancers, 1 colon cancer, 1 of  
unknown primary). Seventeen of  these 46 (37%) cases 
were diagnosed with malignancy based on biliary brush 
cytology using the standard brushes and cytology yield. 
There was an increased diagnostic yield of  brush cytol-
ogy of  these malignant biliary strictures in the new pro-
tocol group as compared to the historical controls (P = 
0.0003) (Table 1).

There was also a significant increase in the average 
number of  cell clusters of  all sizes obtained with the new 
brush compared to the standard brushes (21.1 vs 9.9 clus-
ters, P = 0.0007). This relationship held true when cluster 
size was broken down into four different categories (large 
clusters > 50 cells, medium clusters 6-49 cells, small clus-
ters 2-5 cells, and single cells) for all cases. For each of  

the subsets of  cluster size, there was a significant increase 
in the number of  clusters in the new brush group com-
pared to the historical control group (P = 0.005, 0.0004, 
0.01, 0.009 respectively) (Figure 3). 

In the subgroup of  patients with pancreatic adenocar-
cinoma, there was an increase in average total cell clusters 
of  all sizes (20.9 vs 6.1, P = 0.001) as well as large, me-
dium, small clusters and single cells (P = 0.0001, 0.0001, 
0.0004, and 0.0012, respectively). Diagnostic yield was 
74% (17/23) in the new brush group compared to 30% 
(6/20) in the historical controls, P = 0.005.

Similar results were seen in the subgroup of  patients 
with cholangiocarcinoma, with an increase in average to-
tal cell clusters of  all sizes (24.6 vs 10.8), as well as large, 
medium, small clusters and single cells (P = 0.04, 0.01, 
0.03, and 0.01, respectively). Diagnostic yield was 100% 

314 July 16, 2014|Volume 6|Issue 7|WJGE|www.wjgnet.com

Table 1  Diagnostic yield for the new brush protocol vs  
historical control

New brush 
protocol

Historical 
control

P  value

Mean age (yr) 70 68 0.45
Gender (males) 63% 56% 0.55
All cases 25/32 (78%) 17/46 (37%) 0.0003
Pancreatic adenocarcinoma 17/23 (74%)   6/20 (30%) 0.005
Cholangiocarcinoma      7/7 (100%)   8/22 (36%) 0.004
Other    1/2 (50%)     3/4 (75%) 0.6

2 gallbladder 
cancers

2 gallbladder, 1 
colon, 1 unknown

DCBA

E F G H

Figure 2  Brushing technique. Two passes performed in the stricture. A, B: The first pass was used to make two smears (A), with one smear sprayed with fixative 
(B); C: The brush was then agitated in the RPMI cytology fluid to dislodge material into the fluid; D: The brush was rinsed with water. A second pass was performed 
with the same brush; E: The brush was cut off into the same tube of RPMI; F, G: Contents of catheter were flushed via salvage cytology technique; H: The sample was 
processed as a cell block.

New brush protocol
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Figure 3  Number of clusters obtained by cytologic brushing for all cases.

All cases
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shown that cell block along with smear cytology can 
markedly improve both the sensitivity and specificity of  
cytologic specimens in the diagnosis of  malignancies, 
especially when the diagnosis from smear alone is non-
diagnostic, and that it is cost-effective[29-34]. The increased 
quantitative cytology yield is also useful if  more special-
ized tests are required on the tissue. For example, detec-
tion of  aneuploidy via digital image analysis (DIA) or 
fluorescence in situ hybridization (FISH) may be useful 
in increasing the diagnostic yield in certain difficult inde-
terminate biliary strictures[35].

Several aspects of  the new brush design are likely to 
have contributed to improved results. The new brush 
incorporates an increased brush diameter and length, as 
well as a new bristle design. Stiffer bristles are present 
on the proximal and distal ends of  the brush, which may 
dislodge more underlying tissue due to a more abrasive 
effect. Softer bristles in the middle of  the brush are then 
able to capture the abraded material. Some authors rec-
ommend removing the brush and catheter as a unit, to 
prevent loss of  cellular material[5]. The new brush also 
has a slightly larger catheter (9 French compared to 8 
French) which decreases the “squeegee effect” of  causing 
tissue loss from the bristles when the brush is retracted. 
This slightly bigger catheter size did not cause any tech-
nical difficulties in advancing the brush over the biliary 
wire to the desired location as compared to the 8 French 
brushes. The ability to collect cells for so-called “salvage 
cytology” from the brush sheath may also contribute 
to the increase in the amount of  tissue collected[36,37]. It 
is logical that more tissue disruption prior by brushing 
can improve cellular yield; which is supported by studies 
demonstrating that two consecutive brushings improved 
cancer detection rate from 33% to 44%[7], and three 
consecutive brushings increased the rate from 40% to 
60%[38]. In the new brush protocol, we uniformly per-
formed two passes, which may also have contributed to 
the better diagnostic yield. One limitation of  our study 
is that it is a retrospective review, and the new brush was 
used in conjunction with a standardized brushing and 
specimen processing protocol, which may potentially af-
fect the outcomes of  the results. However, other than the 
brush design itself, the tissue acquisition and processing 
technique was similar in both groups.

With the use of  a newly designed ERCP cytology 
brush, we were able to more than double the diagnostic 
yield of  our brush cytology. Proper specimen process-
ing with the production of  smears as well as cell-blocks 
further increases the cytologist’s ability to make a firm 
diagnosis on the obtained tissue. When it comes to the 
pathologist’s point of  view, “tissue is the issue” and in-
creased tissue yields improves the pathologist’s ability to 
make a diagnosis in cases of  potentially malignant biliary 
stricture.
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(7/7) for the new brush group compared to 36% (8/22) 
in the historical controls, P = 0.004. 

DISCUSSION
Tissue diagnosis of  biliary strictures is of  critical impor-
tance in treatment planning. This is usually done via brush 
cytology during ERCP, however the diagnostic yield with 
standard brushings have been low and variable. Changes 
in technique (predilation, making a second pass, or scrap-
ing the stricture with the tip of  the cytology brush cath-
eter) can increase yield. Forceps biopsy at the time of  
ERCP can also be done, with slightly higher diagnostic 
yield (43%-60%)[3], but can be technically challenging to 
obtain in some certain cases, especially by less experi-
enced endoscopists. In addition, the diagnostic yield can 
be low in extrinsic biliary obstruction such as from pan-
creatic head cancer as compared to cholangiocarcinoma, 
which typically has an intraductal lesion. 

Per-oral cholangioscopy can have sensitivities as 
high as 78%-89% for the diagnosis of  malignancy in 
indeterminate biliary strictures. However, the utility of  
this method is limited due several reasons such as scope 
fragility, requirement of  special equipment with high 
acquisition costs, and requirement of  a high level of  en-
doscopic expertise. In addition, “real world” results have 
not matched those initially obtained by a group of  highly 
skilled biliary endoscopists. Furthermore, tissue sampling 
is still required for a diagnosis of  malignancy which is 
usually performed through either brush or biopsy meth-
ods[6,16,17]. 

Endoscopic ultrasound allows detailed examination 
of  the common bile duct and pancreatic head, and tissue 
sampling can be performed via EUS-FNA with diagnostic 
yield as high as 89%[12,18-21]. However, many patients who 
undergo EUS-FNA for the diagnosis of  ductal malig-
nancy will have already undergone ERCP with brushing, 
and there are costs associated with the second procedure. 
If  EUS-FNA is done in cases of  cholangiocarcinoma, 
there is the potential for tumor seeding. In fact, the Mayo 
Clinic protocol for liver transplantation in cholangio-
carcinoma considers FNA to be a contraindication to 
liver transplantation[12,22,23]. Probe-based confocal laser 
endomicroscopy is a newer technology which can offer 
real-time histologic evaluation of  indeterminate biliary 
strictures during ERCP with overall diagnostic accuracy 
of  over 80%, but it is not widely available, and further 
studies need to be performed prior to more generalized 
use[24-28].

A potentially unrecognized source of  variability in 
sampling is how specimens are handled after they are 
obtained. Some endoscopists always make a smear, and 
some never do. Some cytology departments always make 
a cell block and some do this only on request. There is 
evidence that creation of  a cell block can increase the 
cellular yield and ability to interpret architecture, thereby 
increasing the sensitivity of  cytodiagnosis compared to 
conventional smears[15]. Multiple studies have consistently 
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