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Abstract

Objective: False positive and negative results are associated with biliary tract cell brushing

cytology during endoscopic retrograde cholangiopancreatography (ERCP). The causes are uncer-

tain. The purpose of this study was to evaluate the accuracy of diagnoses made via cell brushing in

our center, and to explore the factors influencing diagnosis.

Methods: The clinical data of patients who underwent cell brushing at our center from January

2016 to August 2019 were retrospectively analyzed. These included age, gender, stricture loca-

tion, thickness of the bile duct wall in the narrow segment, maximum diameter of the biliary duct

above the stricture, number of cell brush smears, carbohydrate antigen 19-9, and carcinoembry-

onic antigen. Positive brush cytology results were compared with results of surgical histology or

tumor biopsy as well as with the patient’s clinical course.

Results: Of the 48 patients who underwent cell brushing cytology, 27 (56.3%) had

positive results. The sensitivity and specificity of biliary duct cell brushing was 79.4%, and

85.7%, respectively. None of the above-mentioned factors were associated with positive cytology

brushing results.

Conclusions: Cell brushing cytology remains a reliable method for diagnosis of pancreaticobili-

ary malignancies.
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Introduction

Biliary duct cell brushing during endoscopic
retrograde cholangiopancreatography
(ERCP), a safe and practicable method
for diagnosis of hepatobiliary and pancre-
atic malignancies,1 was first described in
1975 by Osnes.2 Currently, the technique
is widely used as the bridge between radio-
logical imaging and surgical intervention.
However, the diagnostic value of biliary
duct cell brushing was challenged recently
because of high frequencies of false positive
and negative results.3–5 High false negative
rates were associated with sampling errors
and technical faults,6 and false positive
cytological diagnoses occurred most often
in patients with primary sclerosing cholan-
gitis, IgG4-related cholangitis and autoim-
mune pancreatitis.4 Moreover, the
desmoplastic reaction around the tumor
also limits the sensitivity of this technique.7

Therefore, it is still strongly advised that
patients suspected of malignant hepatobili-
ary and pancreatic diseases with or without
obstructive jaundice should undergo cell
brushing on initial ERCP.5 These patients
are at a high risk of misdiagnosis, and if an
uncovered biliary stent is placed through
ERCP without pathological support, irre-
versible consequences may occur.

The frequency of positive cell brushing
results ranged from 30% to 80% in previ-
ous studies.1,4,8–13 The variables associated
with positive brushing cytology results are
complex and stochastic. Cell brushing expe-
rience, skills, brushed cell yield, inter-
observer variability of pathologists, patient

age, mass size, and stricture length were all

potentially associated with the likelihood of

obtaining positive results.4,14,15

The objective of this study was to evalu-

ate the accuracy of cell brushing cytology in

our center and to explore factors influenc-

ing positive results over a 2.7-year period

from January 2016 to August 2019.

Materials and methods

This was a retrospective study at Shulan

(Hangzhou) Hospital, which is affiliated to

Zhejiang Shuren University, Shulan

International Medical College. The study

was conducted from January 2016 until

August 2019. Patients undergoing ERCP

cell brushing because of biliary stricture,

biliary dilation or suspected pancreatico-

biliary neoplasia during the study period

were eligible. Data on age, gender, stricture

location, thickness of the bile duct wall in

the narrow segment (at least three measure-

ments by enhanced computed tomography

or magnetic resonance imaging were aver-

aged), maximum diameter of the biliary

duct above the stenotic segment, number

of cell brush smears, carbohydrate antigen

(CA)19-9 and carcinoembryonic antigen

(CE)A were collected from medical records.

The same medical records of patients

(except for the number of cell brush

smears) with suspected extrahepatic cholan-

giocarcinoma (including gallbladder

cancer) who underwent surgery during the

same period were also collected and ana-

lyzed. The positive rate of cell brushing
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for diagnosis of malignant tumors and its
relationships with age, gender, number of
cell brush smears, CA19-9, CEA, stenosis
site, thickness of the bile duct wall at steno-
sis, and maximum transverse diameter of
the bile duct above stenosis were examined.
The study was approved by the ethics com-
mittee of Zhejiang Shuren University,
Shulan International Medical College
(number: 2020016). The requirement for
informed consent was waived because of
the retrospective nature of the study.

After successful intubation of the papil-
lary bile duct, the stricture segment was
clearly visible by contrast medium. The
cell brush was placed within the narrowing
range and the cell brush was rubbed back
and forth under fluoroscopy for at least 10
passes. The above procedure was repeated
twice. We do not routinely perform biopsies
with forceps unless there is a significant
mass lesion of the duodenal papilla. When
malignancy was considered but the cytolog-
ical pathology of cell brushings was nega-
tive, endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA) was used to
distinguish the nature of the mass.

Immediately after obtaining cell brush-
ing samples using a Cook cytology brush,
slide cytology smears were prepared
(4–7 smears) and fixed with 95% alcohol for
routine diagnostic cytology (Papanicolaou or
hematoxylin-eosin staining). Cytopathologic
evaluation in our center did not include fluo-
rescence in situ hybridization. Cytology sam-
ples were classified as normal epithelial cells,
mildly atypical cells, severely atypical cells for
which malignancy could not be excluded, sus-
pected cancer cells, or cancer cells. We defined
normal epithelial cells and mildly atypical cells
as negative, while severely atypical cells and
suspected or clearly malignant cells were
defined as negative. The final diagnosis was
confirmed following postoperative pathologi-
cal diagnosis, histopathological diagnosis by
EUS-FNA or extracorporeal ultrasound-
guided puncture, and radiological infiltration

of adjacent organs or metastases. Final diag-
nosis was made after at least a 3-month
follow-up combined with the patient’s clinical
course. Patients with benign pathology were
advised to reassess tumor markers and hepa-
tobiliary ultrasonography or computed
tomography every 3 to 6 months in the first
2 years. The follow-up duration ranged from
3 months to 17 months.

Sensitivity was calculated as true positive
(TP)/(TPþ false negative (FN)). Specificity
was calculated as true negative (TN)/
(TNþ false positive(FP)). Positive predic-
tive value (PPV) was calculated as TP/
(TPþFP), and negative predictive value
(NPV) was calculated as TN/(TNþFN).
Analyses were performed using IBM SPSS
for Windows version 19.0 (IBM, Armonk,
NY, USA). Independent sample T tests,
non-parametric tests and binary logistic
regression were used for further analysis.
Values of p<0.05 were considered statisti-
cally significant.

Results

Brushing cytology was performed in
51 patients from January 2016 until
August 2019 at our center. A group of
32 patients with suspected extrahepatic
cholangiocarcinoma who underwent sur-
gery during the same period served as a
comparison group. Three patients were
excluded. One patient only underwent pan-
creatic duct cell brushing because of chronic
pancreatitis. One patient had suspected
hilar cholangiocarcinoma by imaging exam-
ination and cancer cells were detected by
ERCP cell brushing; the patient was exclud-
ed because of lack of tumor markers such as
CA19-9 and CEA and loss of in-hospital
follow-up. One patient underwent a biliary
tract smear for jaundice after liver trans-
plantation. The mean age of the patients
undergoing cell brushing was 63.1 years
(range 34–84 years) and the male:female
ratio was 1.4:1. Table 1 shows the
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distributions of true/false positive and true/
false negative results of cell brushing. The
sensitivity of biliary duct cell brushing was
79.4%, the specificity was 85.7%, the posi-
tive predictive value was 93.1%, and the
negative predictive value was 63.2%.

Malignancy was detected in 27 of
48 patients (for cytological results see
Figure 1). The mean age of patients with
true positive cell brushing results was 63.9
years (range 34–84 years ), and the male:
female ratio was 1.2:1. The 27 patients
with true positive cell brushing cytology
results were confirmed to have the follow-
ing malignant neoplasms: hilar cholangio-
carcinoma (n¼ 8; two cases were
confirmed by postoperative pathology,
one was confirmed by liver biopsy, and
the remaining five were confirmed by clini-
cal course), gallbladder cancer (n¼ 3, con-
firmed by clinical course), carcinomas of
the middle and lower segment of the
common bile duct (n¼ 12; eight cases were
confirmed by postoperative pathology, one
was confirmed by liver biopsy, and the
remaining three were confirmed by clinical
course), pancreatic adenocarcinoma (n¼ 2,

Figure 1. Cell brushing cytology results of the biliary tract. (a) True positive cases: hilar cholangiocarci-
noma and lower common bile duct adenocarcinoma. (b) False positive cases: two cases of autoimmune
cholangiopancreatic diseases. (c) True negative cases: pyogenic cholangitis and chronic pancreatitis. (d) False
negative cases: pancreatic adenocarcinoma and lower common bile duct adenocarcinoma.

Table 1. All variables studied in patients under-
going brush and cytology analysis of diagnostic
parameters.

n¼ 48

Age (years, range) 63.1 (34–84)

Sex (male) 28

Thickness of strictured

bile duct wall (mm, mean)

3.55

Maximum diameter of biliary duct

above stenotic segment (mm, mean)

13.9

CA19-9 (U/mL, mean) 1746.7

CEA (ng/mL, mean) 250.4

Number of cell brush smears (range) 4–7

Location of stricture

Hilar bile duct 18

Mildþ lower

common bile duct

30

True positive 27

False positive 2

True negative 12

False negative 7

Sensitivity 79.40%

Specificity 85.70%

Positive predictive value 93.10%

Negative predictive value 63.20%

The criteria for the confirmation of true positive brush

cytology results in this study was surgical pathology or

autopsy, accompanied by peripheral organ invasion,

abdominal and pelvic lymph node metastasis or distant

metastasis and long-term follow-up.
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confirmed by clinical course), hepatocellu-
lar carcinoma (n¼ 1, confirmed by postop-
erative pathology), and ampullary cancer
(n¼ 1, confirmed by duodenal papilla for-
ceps biopsy). None of age, gender, stricture
location, thickness of the bile duct wall in
the narrow segment, maximum diameter of
the biliary duct above the stenotic segment,
number of cell brush smears, CA19-9 or
CEA were associated with positive results
of cytology brushing (Table 2). The mean
level of CEA in the brush positive group
was much higher than in the surgery
group, because this was because of the sur-
prisingly high CEA level in one patient
(11444.4 ng/mL).

There were two cases of false positive cell
brushing results (for cytological results see
Figure 1). One patient was a 51-year-old
man. Imaging examinations showed abnormal
thickening and stenosis of the lower part of
the common bile duct. Cholangiocarcinoma
was possible and autoimmune cholangitis
was difficult to distinguish. IgG4 was
0.38g/L (range: 0.03–2.01g/L), CA19-9 was
27.1U/mL (range: 0–37U/mL), and CEA
was 8.5ng/mL (range: 0–5ng/mL). Brush
cytology revealed atypical cells that were pos-
sibly malignant. Ultrasound endoscopic fine
needle aspiration biopsy showed no evidence
of tumors. The patient was reluctant to receive
steroid therapy, and imaging findings after 3
months were like those in the anterior

photograph. The other false positive case
was a 67-year-old man. Brush cytology
revealed atypical cells, and malignant tumors
could not be excluded. However, imaging
findings suggested IgG4-related cholangitis
and autoimmune pancreatitis. IgG4 was
2.43g/L, antinuclear antibody was 1:320,
total bilirubin was 474mmol/L, and direct
bilirubin was 415mmol/L. The patient
received steroid therapy. A review after 2
months showed that the level of IgG4 was
0.8 g/L, total bilirubin was 108mmol/L, and
direct bilirubin was 95 mmol/L.

Overall, 12 patients had a variety of
benign diagnoses including local fat inva-
sion of the head of the pancreas (n¼ 1),
bilateral gallbladder (n¼ 1), pyogenic chol-
angitis (n¼ 3), primary sclerosing cholangi-
tis (n¼ 1), chronic pancreatitis (n¼ 2),
autoimmune pancreatitis (n¼ 1), and post
cholecystectomy (n¼ 3). There were seven
false negative diagnoses including pancreat-
ic adenocarcinoma (n¼ 3), postoperative
recurrence of gallbladder cancer (n¼ 1),
ampullary cancer (n¼ 2), and hilar cholan-
giocarcinoma (n¼ 1) (for cytological results
see Figure 1).

The mean age of patients undergoing
direct surgery was 60.9 years (range: 34–81
years) and the male:female ratio was 1.5:1
(Table 3). The underlying conditions of the
32 patients were as follows: hilar cholangio-
carcinoma (n¼ 24), gallbladder cancer

Table 2. Analysis factors associated with true positive brush cytology results.

n¼ 27 P value

Age (years, range) 63.9 (34–84) >0.05

Sex (male) 15 >0.05

Thickness of strictured bile duct wall (mm, mean) 3.67 >0.05

Maximum diameter of biliary duct above stenotic segment (mm, mean) 13.15 >0.05

CA19-9 (U/mL, mean) 3002.4 >0.05

CEA (ng/mL, mean) 432.8 >0.05

Number of cell brush smears (range) 4�7 >0.05

Location of stricture >0.05

Hilar bile duct 12 –

Mildþ lower common bile duct 15 –
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(n¼ 4), pancreatic adenocarcinoma (n¼ 2),

middle and lower segment of the common

bile duct carcinoma (n¼ 2). There were no

significant differences in any of the above-

mentioned factors including age, gender,

thickness of the bile duct wall in the

narrow segment, maximum diameter of

the biliary duct above the stenotic segment,

CA19-9 or CEA between the true positive

cell brushing group and the surgery group

(Figure 2).

Discussion

Biliary strictures are caused by a variety of

conditions including inflammatory diseases

and malignant pancreaticobiliary tumors.3

Brushing cytology is the most common diag-

nostic technique used in patients with sus-

pected pancreaticobiliary malignancies. It is

simple to perform and highly specific. It

was reported that the specificity of brushing

cytology varied between 95% and 100%.16,17

However, in this study we found a relatively

low specificity of 85.7%. There are several

potential explanations of this finding. First,

although biliary tract cell brushing during

ERCP is safe and easy to perform, it is

more expensive than magnetic resonance

cholangiopancreatography and other imaging

examinations. Physicians requesting imaging
examinations are not always suspicious of
malignant diseases, and we do not perform
them casually. Second, it is necessary to
treat diseases with obvious clinical symptoms
that have the possibility of secondary malig-
nant tumors, such as chronic pancreatitis.
However, the incidence of chronic pancreati-
tis and autoimmune pancreatitis is not
high. As a result, few patients are genuinely
negative.

The sensitivity of brushing cytology has
always been unsatisfactory (resulting from
limited cellularity) according to the pub-
lished literature.18 In this study, we found
a relatively high sensitivity of 79.4%. There
are several potential explanations of the dis-
crepancy. First, we have the patience to
brush the bile duct cells in suspected lesions.
The time of brushing is not of great impor-
tance but making sure that the cell brush is
within the narrow range and rubbing the
cell brush back and forth under fluoroscopy
is essential. Second, when we do biliary
brushing, we hope to see that the brush is
bloodstained; the results from our center
suggest that bloodstained brushes seem to
have more positive results. Finally, our hos-
pital is a tertiary referral center, and
patients generally have advanced malignan-
cies or metastatic cancers. Especially
patients with hilar cholangiocarcinoma
have often lost the opportunity for surgical
intervention. The stricture of the bile duct is
significant and obstructive jaundice is often
serious in these patients. They are admitted
in our department for liver transplantation
or to obtain pathological results before
undergoing chemotherapy after jaundice
diminishes. Therefore, it is generally easy
to obtain sufficient cancer cells.

We tried to identify factors associated
with positive results of brush cytology.
Factors including age, gender, stricture
location, thickness of the bile duct wall in
the narrow segment, maximum diameter of
the biliary duct above the stenotic segment,

Table 3. All variables studied in patients under-
going direct surgery.

n¼ 32

Age (years, range) 60.9 (34–81)

Sex (male) 19

Thickness of strictured bile

duct wall (mm, mean)

3.44

Maximum diameter of biliary

duct above stenotic

segment (mm, mean)

13.07

CA19-9 (U/mL, mean) 1542.2

CEA (ng/mL, mean) 12.9

Location of stricture

Hilar bile duct 27

Mildþ lower common bile duct 5
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number of cell brush smears, CA19-9 and

CEA were analyzed. None of the above-

mentioned factors were associated with

true positive brushing cytology.
We collected and assessed the medical

records of patients (excluding number of

brushing smears) with suspected extrahe-

patic cholangiocarcinoma (including

gallbladder cancer) who underwent direct

surgery during the same period. There

were no differences in age, gender, thickness

of the bile duct wall in the narrow segment,

maximum diameter of the biliary duct

above the stenotic segment, CA19-9, or

CEA between the ERCP cell brushing

group and direct surgery group.

Figure 2. Comparison of age, thickness of the bile duct wall in the narrow segment, maximum diameter of
the biliary duct above the stenotic segment, carbohydrate antigen (CA)19-9 and carcinoembryonic antigen
(CEA) between the true positive cell brushing group and the surgery group.
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EUS-FNA can evaluate the size, character,
location of abdominal masses and their rela-
tionships with blood vessels. Currently, it has
been strongly advised to use EUS-FNA for
evaluation of indeterminate biliary strictures
in patients.19 It is a safe medical instrument
with morbidity and mortality rates < 1%.20 It
has also been shown that EUS-FNA is supe-
rior to ERCP with brush cytology for diag-
nosing malignant biliary strictures.19,21,22

However, EUS-FNA also has low negative
post-test probabilities. In addition, the posi-
tive rate of EUS-FNA is greatly limited by
the size, location, and non-cystic nature of
the tumor, as well as the ability of the opera-
tor. Conversely, the success of ERCP cell
brushing mainly depends on the degree and
length of the bile duct stricture. Compared
with EUS, the difficulty of ERCP cell brush-
ing is greatly reduced. Therefore, ERCP cell
brushing biopsy can be combined with EUS-
FNA to improve the positive rate when con-
ditions permit.

Single-operator peroral cholangioscopy
(sPOCS) also has significant advantages in
the diagnosis of indeterminate biliary dis-
eases. For example, sPOCS enables direct
visualization of lesions in the bile duct
(even minimal biliary mucosal lesions) and
has specific miniature biopsy forceps allow-
ing for substantial tissue acquisition.23 was
is reported that sPOCS-guided biopsies had
moderate sensitivity for the diagnosis of
malignant biliary strictures.24 However,
sPOCS-guided biopsy is much more expen-
sive than ERCP cell brushing, limiting its
widespread use in clinical practice.

This study had several limitations. First,
this was a single center retrospective study
and the sample size was relatively small.
Second, we did not identify risk factors
related to true positive cell brushing cytol-
ogy results. Third, the follow-up duration
of patients with benign pathology was rela-
tively short. It remains possible that risk
factors could be identified using larger
numbers of cases. Alternatively, we may

need to upgrade the cytopathological exam-

ination technologies in our center, for

instance by adopting fluorescence in situ

hybridization technique.
In conclusion, biliary duct cell brushing

can provide clear results from a patient and

skilled examination. To obtain a true posi-

tive result, it is necessary to work closely

with radiologists, pathologists, and endos-

copy nurses. Biliary tract cell brushing

should also be timely combined with EUS-

FNA/forceps biopsy.
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