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Abstract
Background  A new device with metallic wires for scrape cytology was developed.
Aims  To compare the diagnostic performance of scrape cytology and conventional cytology during endoscopic retrograde 
cholangiopancreatography for biliary strictures.
Methods  A total of 420 cases with biliary stricture underwent transpapillary bile cytology. Among them, there are 79 cases 
with scrape cytology using the new device (scrape group) and 341 cases with conventional cytology (control group). Seventy-
two and 174 cases underwent biliary biopsy at the same time as bile cytology in the scrape and control group, respectively.
Results  The sensitivity for malignancy of bile cytology in the scrape and control group was 41.2% [pancreatic cancer (PC): 
23.1%, biliary cancer (BC): 52.5%] and 27.1% (PC: 16.3%, BC: 38.0%), respectively (P = 0.023). When analyzed PC and BC, 
respectively, there was no significant difference between the two groups. In the both groups, the sensitivity was significantly 
higher for BC than PC. In the scrape group, there was no difference in the sensitivity between cytology and biopsy [39.7% 
(PC: 17.4%, BC: 55.3%)], but in the control group, a significantly lower sensitivity was observed with cytology than biopsy 
(36.4% (PC: 19.7%, BC: 50.0%)) (P = 0.046). When analyzed PC and BC, respectively, there was no significant difference 
between cytology and biopsy. The sensitivity of combined cytology and biopsy was 55.6% (PC: 30.4%, BC: 71.1%) in the 
scrape group and 47.0% (PC: 24.6%, BC: 64.3%) in the control group.
Conclusion  Scrape bile cytology for biliary strictures may be superior to conventional cytology.

Keywords  Endoscopic retrograde cholangiopancreatography · Bile cytology · Brush cytology · Biliary biopsy · Biliary 
stricture

Introduction

Endoscopic transpapillary bile cytology and biliary forceps 
biopsy with endoscopic retrograde cholangiopancreatogra-
phy (ERCP) are generally performed for pathological diag-
nosis of biliary strictures. While these techniques have high 
specificity (90–100%), the sensitivity is low. The sensitivity 
of bile cytology for malignant biliary strictures is reported 
to be 6–55% with aspiration cytology [1–7] and 6–72% 
with brush cytology [1–4, 8–19]. Although the sensitivity 
of biliary forceps biopsy is reported to be 29–81% [4, 8–13, 
20–22], which is slightly higher than that of bile cytology, 

the technical difficulty is higher. In addition, the sensitivity 
of bile cytology and biliary forceps biopsy significantly var-
ies between facilities and reports.

There are several reasons why pathological diagnosis of 
bile cytology and biliary forceps biopsy is difficult; these 
reasons include insufficient amounts of specimens, poor 
quality of sampled specimens, and technical difficulties in 
approaching the stricture site. While bile cytology can be 
performed with relative ease, the procedure results in insuf-
ficient amounts and poor quality of specimens. Although 
biliary forceps biopsy can sample more specimens than bile 
cytology, the lesion site might not be accurately sampled 
under fluoroscopy. To overcome these issues, a device that 
enables an accurate approach to the target site and acquisi-
tion of specimens with sufficient quantity and quality for 
pathological evaluation is desired.
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Trefle (Piolax Medical Devices, Yokohama, Japan) is a 
new device for scrape cytology, in which the device scrapes 
using the looped metallic wires. Trefle can be accurately 
guided to the target site over the guidewire; the stricture can 
then be scraped using the looped metal wire, thus provid-
ing sufficient specimens. Only one report on the diagnostic 
performance of the new device is currently available [23]. 
However, it must be noted that this report described a single-
arm study, and the diagnostic ability was not compared with 
conventional cytology.

This study compares the pathological diagnostic perfor-
mance between conventional cytology and scrape cytology 
using the new device for biliary strictures and is the first 
report to conduct such a comparison.

Methods

Patients

Between April 2010 and July 2017, 420 cases of transpapil-
lary bile cytology underwent ERCP for biliary strictures at 
St. Marianna University School of Medicine Hospital. Cases 
without biliary strictures and those with postoperative recon-
struction, other than Billroth-I, were excluded. Our hospital 
introduced the new device for scrape bile cytology in June 
2015. Since then, bile cytology has been performed using 
the new device. The scrape group comprised 79 cases with 
scrape cytology using the new device [males, 52; females, 
27; age, 72.2 ± 12.3 years (mean ± standard deviation (SD))]. 
The control group comprised 341 cases of bile cytology 
before introducing the new device [males, 229; females, 112; 
age, 68.8 ± 13.5 years (mean ± SD)]. In the control group, 

aspiration cytology was performed in 312 cases and brush 
cytology was performed in 29 cases. There were 72 cases in 
which biliary forceps biopsy was performed at the same time 
as cytology in the scrape group (mean number of biopsies, 
2.3), and there were 174 cases in the control group (mean 
number of biopsies, 2.5).

In the scrape group, the underlying diseases that caused 
biliary stricture were malignant diseases (n = 68) and benign 
diseases (n = 11). On the other hand, in the control group, 
there were 280 patients with malignant diseases and 61 
patients with benign diseases (Table 1).

Endoscopic Procedures

Trefle (Piolax Medical Devices, Yokohama, Japan) is a new 
scraping device that comprises scraping loops (three loops 
of 1.6-mm-diameter metal wire) and a 7-Fr outer sheath. 
The scraping loops and delivery sheath are both available 
over the guidewire (Fig. 1). There are side holes of the outer 
sheath, allowing bile to be aspirated by applying a negative 
pressure while scraping. As for technique of scrape cytol-
ogy using the new device, after cannulation into the bile 
duct, a 0.025-inch guidewire was placed through the biliary 
stricture. Next, the sheath was inserted beyond the stricture 
over the guidewire, and the scraping loops were opened. 
While passing the scraping loops through the stricture 
under fluoroscopy, bile was aspired by applying a negative 
pressure to the side holes on the device. After the scraping 
loops passed the stricture, they were temporarily closed and 
stored in the sheath. This was followed by the insertion of 
the sheath beyond the stricture over the guidewire again, 
followed by opening of the scraping loops. Similarly, scrap-
ing and aspiration of bile were repeated five times. All bile 

Table 1   Patient characteristics

SD standard deviation

Scrape group (n = 79) Control group 
(n = 341)

P value

Age (mean ± SD) 72.2 ± 12.3 68.8 ± 13.5 0.032
Sex (male/female) 52/27 229/112 0.821
Primary disease
 Pancreatic cancer (n (%)) 26 (33) 123 (36) 0.690
 Biliary cancer (n (%)) 40 (51) 137 (40) 0.090
  Intrahepatic cholangiocarcinoma (n) 2 7
  Hilar cholangiocarcinoma (n) 11 45
  Gallbladder/cystic duct cancer (n) 9 7
  Distal cholangiocarcinoma (n) 17 61
  Ampullary cancer (n) 1 17

 Lymph node metastasis (n (%)) 1 (1) 12 (4) 0.496
 Hepatocellular carcinoma (n (%)) 1 (1) 6 (2) 0.858
 Metastatic liver tumor (n (%)) 0 (0) 2 (1) 0.822
 Benign diseases (n (%)) 11 (14) 61 (18) 0.400
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specimens collected via aspiration were submitted for cyto-
logical examination.

In bile cytology of the control group, aspiration cytol-
ogy was performed by inserting a cannula (ERCP catheter, 
MTW Endoscopie, Wesel, German) or 7-Fr tapered catheter 
(CX-PTCD kit [PD-EN7F (ST) 180C4], Gadelius Medical, 
Japan) beyond the stricture. Bile was sampled through aspi-
ration and submitted for cytological examination. For brush 
cytology, we used a cytology brush (RX Cytology Brush, 
Boston Scientific, Natick, MA, USA). The brush part of the 
cytology brush is not a wire guidance. First, the outer sheath 
was inserted beyond the stricture, and the brush was then 
withdrawn to scrape the stricture. Aspired bile and clean-
ing solution from the brush were submitted for cytological 
examination.

Biliary forceps biopsy was performed after bile cytol-
ogy for both the scrape and control groups with biopsy for-
ceps (Radial Jaw 4P, Boston Scientific, Marlborough, Mass, 
USA) under fluoroscopy.

We did not routinely perform EST prior to sampling. The 
decision of with or without EST was left to the operator’s 
discretion. All ERCP procedures were performed under 
the supervision of an expert who has performed ERCP 
for > 1000 cases.

Diagnosis

Specimens were considered cancerous when malignant 
cells were clearly identified or highly atypical cells indica-
tive of malignancy were observed. Specimens were con-
sidered to indicate a benign disease if normal cells were 
identified, atypical cells which cannot rule out malignancy 

were observed, or specimens were acellular. In cases where 
surgery was performed, the final diagnosis was based on 
the pathological diagnosis of the excised specimen. In non-
resected cases, diagnosis was based on the clinical course.

Measurements

The data were retrieved from clinical and procedural records. 
The patient characteristics, the specimen sampling rates, sen-
sitivity, specificity, and accuracy were retrospectively com-
pared between the scrape and control groups. In addition, the 
diagnostic ability of bile cytology and biliary forceps biopsy 
was compared; likewise, the combined diagnostic results of 
bile cytology and biliary forceps biopsy were also compared. 
We also investigated procedural adverse events caused by 
scrape with a metal wire using the new device in order to 
evaluate the safety of scrape with a metal wire.

The specimen sampling rate was defined as the rate of 
obtaining of specimens in adequate quantity and quality 
for diagnosis. The sensitivity indicates the cancer detection 
rate, that is, the proportion of cases diagnosed with cancer 
by endoscopic sampling among all cases finally diagnosed 
with cancer.

This study was approved by the institutional review board 
of St. Marianna University School of Medicine (approval 
number: 3736).

Statistical Analysis

Chi-square test, Fisher’s exact test, and Welch’s t test were 
used for statistical analysis where appropriate. A P value 
of < 0.05 was regarded to be significant. Statistical analysis 

Fig. 1   Newly designed biliary 
scraper for endoscopic bile 
cytology
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was performed using the StatMate IV software (ATMS Co., 
Ltd., Tokyo, Japan).

Results

Patient Characteristics

There was no difference in terms of gender and primary 
disease between the scrape and control groups (N.S.). The 
patients in the scrape group were significantly elder com-
pared with those in the control group (P = 0.032) (Table 1).

Pathological Diagnosis

Specimen sampling rates from bile cytology in the scrape 
and control groups were 98.7% (78/79) and 96.5% (329/341), 
respectively, and did not show a significant difference (N.S.).

The sensitivity of bile cytology in the scrape and control 
groups was 41.2% (28/68) and 27.1% (76/280), respectively, 
indicating that the scrape group had a significantly higher 
rate (P = 0.023) (Table 2). The sensitivity of brush cytol-
ogy and aspiration cytology in the control group was 11.1% 
(2/18) and 28.2% (74/262), respectively, with a significantly 
higher rate in the scrape group (P = 0.036, P = 0.040). Com-
parison of sensitivity between scrape cytology and aspiration 
cytology was shown in Table 3.

Comparison with regard to primary disease indicated that 
sensitivity to biliary cancer was 52.5% in the scrape group 
and 38.0% in the control group. Thus, in cases of biliary 
cancer, although the scrape group had higher sensitivity, the 
statistical difference was not significant (P = 0.100). On the 
other hand, sensitivity to pancreatic cancer was 23.1% in the 
scrape group and 16.3% in the control group, indicating no 
significant difference (P = 0.405). In the scrape and control 
group, the sensitivity was significantly higher for biliary can-
cer than pancreatic cancer (P = 0.018, < 0.001). Specificity 
in bile cytology was 100% in both the scrape and control 

groups, and accuracy was 49.4 and 40.2%, respectively. 
Thus, the accuracy for the scrape group was approximately 
9% higher, but the difference was not significant (P = 0.136).

The sensitivity of biliary forceps biopsy in the scrape and 
control groups was 39.7 and 36.4%, respectively (N.S.). In 
the scrape group, there was no difference in the sensitivity 
between bile cytology and biliary forceps biopsy (41.2 vs. 
39.7%) (N.S.), but in the control group, a significantly higher 
sensitivity was observed with biliary forceps biopsy than 
with bile cytology (27.1 vs. 36.4%) (P = 0.046). Regarding 
the sensitivity of biliary forceps biopsy for each primary 
disease, pancreatic cancer and biliary cancer was 17.4 and 
55.3%, respectively, in the scrape group and 19.7 and 50.0%, 
respectively, in the control group. On the other hand, the 
sensitivity of bile cytology for pancreatic cancer and bil-
iary cancer was 23.1 and 52.5%, respectively, in the scrape 
group and 16.3 and 38.0%, respectively, in the control group. 
Therefore, in the comparison between cytology and biopsy, 
statistically significant difference was not found in either 
pancreatic cancer or biliary cancer in the scrape and con-
trol group. However, for biliary cancer in the control group, 
although there was no statistically difference, biopsy had 
higher sensitivity than cytology (38.0 vs. 50.0%) (P = 0.079). 
Comparison between bile cytology and biliary biopsy is 
shown in Table 4.

In cases where bile cytology and biliary forceps biopsy 
were both performed, the combined sensitivity were 55.6% 

Table 2   Sensitivity of bile 
cytology

Scrape group % (n) Control group % (n) P value

Pancreatic cancer 23.1 (6/26) 16.3 (20/123) 0.405
Biliary cancer 52.5 (21/40) 38.0 (52/137) 0.100
 Intrahepatic cholangiocarcinoma 100 (2/2) 42.9 (3/7) 0.530
 Hilar cholangiocarcinoma 54.5 (6/11) 40.0 (18/45) 0.593
 Gallbladder/cystic duct cancer 66.7 (6/9) 71.4 (5/7) 0.734
 Distal cholangiocarcinoma 41.2 (7/17) 36.1 (22/61) 0.919
 Ampullary cancer 0 (0/1) 23.5 (4/17) 0.492

Lymph node metastasis 0 (0/1) 25.0 (3/12) 0.506
Hepatocellular carcinoma 100 (1/1) 0 (0/6) 0.270
Metastatic liver tumor – 50.0 (1/2) –
Total 41.2 (28/68) 27.1 (76/280) 0.023

Table 3   Comparison of sensitivity between scrape cytology and aspi-
ration cytology

Scrape cytology % (n) Aspiration 
cytology  % 
(n)

P value

Pancreatic cancer 23.1 (6/26) 17.4 (20/115) 0.500
Biliary cancer 52.5 (21/40) 39.4 (50/127) 0.143
Others 50.0 (1/2) 20.0 (4/20) 0.936
Total 41.2 (28/68) 28.2 (74/262) 0.040
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(25/63) in the scrape group and 47.0% (55/151) in the con-
trol group. While there was no statistically significant dif-
ference (P = 0.255), the scrape group was approximately 
9% higher than the control group (Table 5). Analysis on 
the basis of primary diseases showed that when compar-
ing pancreatic cancer and biliary cancer, the sensitivity was 
30.4 and 71.1%, respectively, (P = 0.002) in the scrape group 
and 24.6 and 64.3%, respectively, (P < 0.001) in the con-
trol group. In both the groups, sensitivity was significantly 
higher for biliary cancer than pancreatic cancer. Among the 
samples determined to be malignant, 40.0% (10/25) were 
positive based on only cytology and 44.0% (11/25) were 
positive based on only biopsy in the scrape group. In con-
trast, 29.1% (16/55) were positive based on only cytology 
and 52.7% (29/55) were positive based on only biopsy in the 
control group. Thus, more cases were found to be positive 
based on only biopsy in the control group (P = 0.012).

Adverse Events Caused by Scrape with Metal Wire

The procedural adverse events caused by scrape with metal 
wire using the new device were one case of bleeding. When 
a metallic wire was used to scrape a biliary stricture caused 
by biliary invasion owing to gallbladder cancer (Fig. 2a), 
an active bleed occurred. The patient went into a state of 
shock (blood pressure < 60 mmHg), and there were massive 
hemobilia (Fig. 2b). But placement of a fully covered metal-
lic stent and coiling with Angio made it possible to achieve 
hemostasis (Fig. 3).

Discussion

Endoscopic techniques such as transpapillary bile cytol-
ogy and biliary forceps biopsy with ERCP, and endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) are 
generally performed for the pathological diagnosis of 
lesions that cause biliary strictures. Transpapillary bile 
cytology and biliary forceps biopsy with ERCP have 
an advantage that biliary drainage with endoscopic bil-
iary stenting (EBS) or endoscopic naso-biliary drainage 
(ENBD) can be simultaneously performed. However, the 
sensitivity for these techniques is unsatisfactory.

Bile cytology is relatively technically easy if bile duct 
cannulation is possible. However, acquiring sufficient sam-
ples with the amount and quality required for pathological 
evaluation is often difficult. In this study, the specimen sam-
pling rate of bile cytology did not differ between the scrape 
and control groups. However, given the fact that sensitivity 
was higher in the scrape group, the scrape group may have 
conferred a better quantity and quality of specimen collec-
tion. As the whole length of the new device comprises a 
looped metallic wire that is used for scraping and that acts 
over the guidewire, inserting into the target site and scraping 
the stricture can be performed accurately. Scraping with a 
metal wire may enabled obtaining a higher quantity of speci-
mens compared with the traditional brush cytology.

According to several previous reports, biliary forceps 
biopsy can sample more specimens compared with bile 

Table 4   Comparison between 
bile cytology and biliary forceps 
biopsy

Sensitivity in the scrape group % (n) Sensitivity in the control group % (n)

Cytology Biopsy P value Cytology Biopsy P value

Pancreatic cancer 23.1 (6/26) 17.4 (4/23) 0.890 16.3 (20/123) 19.7 (12/61) 0.565
Biliary cancer 52.5 (21/40) 55.3 (21/38) 0.807 38.0 (52/137) 50.0 (42/84) 0.079
Others 50.0 (1/2) 0 (0/2) 1.000 20.0 (4/20) 16.7 (1/6) 0.683
Total 41.2 (28/68) 39.7 (25/63) 0.862 27.1 (76/280) 36.4 (55/151) 0.046

Table 5   Sensitivity of 
combination of bile cytology 
and biliary forceps biopsy

Scrape group % (n) Control group % (n) P value

Pancreatic cancer 30.4 (7/23) 24.6 (15/61) 0.587
Biliary cancer 71.1 (27/38) 64.3 (54/84) 0.464
 Intrahepatic cholangiocarcinoma 100 (2/2) 25.0 (1/4)
 Hilar cholangiocarcinoma 81.8 (9/11) 62.1 (18/29)
 Gallbladder/cystic duct cancer 71.4 (5/7) 100 (3/3)
 Distal cholangiocarcinoma 64.7 (11/17) 70.5 (31/44)
 Ampullary cancer 0 (0/1) 25.0 (1/4)

Lymph node metastasis 0 (0/1) 50.0 (2/4)
Hepatocellular carcinoma 100 (1/1) 0 (0/6)
Metastatic liver tumor – 0 (0/1) –
Total 55.6 (35/63) 47.0 (71/151) 0.255
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cytology, and its sensitivity is slightly higher [4, 8–11, 14]. 
In this study, the sensitivity was significantly higher with 
biopsy than with cytology in the control group. However, 
both cytology and biopsy displayed similar sensitivities 
in the scrape group. Compared with cytology, biopsy is 
technically more difficult. Furthermore, when performed 
under fluoroscopy, the specimen might not be accurately 
sampled from the lesion site. However, because the whole 
length of the new device acts over a guidewire, it is easy 

to insert into the target site, enabling accurate scraping of 
the stricture.

In this study, although scrape cytology with the new 
device shows better sensitivity than conventional cytology, 
it still resulted in an unsatisfactory sensitivity of 41%. How-
ever, when combined with biopsy, the sensitivity increased 
to 56%. Therefore, it is desirable to combine scrape cytology 
and biopsy. Particularly in cases of biliary cancer, the sensi-
tivity of combined biopsy and scrape cytology was 71.1%, 
which was relatively good; however, for pancreatic cancer, 
the sensitivity of combined scrape cytology and biopsy was 
low at 30%. According to the previous reports, EUS-FNA for 
pancreatic cancer has a good sensitivity of ≥ 85% [24–28]. 
Therefore, for the pathological diagnosis of pancreatic can-
cer, one must rely on other methods such as EUS-FNA. In 
addition, because there are reports that multiple cytology 
via ENBD [29, 30] and fluorescence in situ hybridization 
[31, 32] contribute to an increased diagnostic ability, the 
additional use of these techniques may be also useful. Con-
versely, because performing EUS-FNA for the pathological 
diagnosis of biliary cancer is often technically difficult, the 
combined use of biopsy and scrape cytology appears to be 
useful.

Only one report on the diagnostic performance of the 
new device is currently available [23]. Sakuma et al. [23] 
reported positive results regarding pathological diagnosis 
using the new device, with a specimen sampling rate of 
93.5% and a sensitivity of 64.7%. However, it must be 
noted that this report described a single-arm study, and 

Fig. 2   a The new device was passed through the biliary stricture. b There was massive hemobilia

Fig. 3   Fully covered metallic stent placement and coiling with Angio 
made it possible to achieve hemostasis
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the diagnostic ability was not compared with conventional 
cytology. The sensitivity was 64.7%, which was better than 
our results of 41%. This inconsistency may be owing to 
Sakuma et al. evaluating precipitated specimens extracted 
from aspirated bile for histological examination not only 
cytological examination. We submitted all aspirated bile 
for cytological examination. Although this processing is 
cumbersome, separately evaluating precipitated specimens 
in the sampled bile may increase the diagnostic ability. 
Another reason for their results being more favorable is 
considered that they had more biliary cancer cases and 
fewer pancreatic cancer cases than those in our study.

We confirmed one case of severe bleeding that was 
accompanied by shock vital by scraping with the new 
device. Because the new device scrapes the site using a 
metallic wire, more tissues may be obtained and better 
specimens are sampled; however, there may be a risk for 
bleeding. If there is any resistance when pulling the metal-
lic wire to scrape, pulling should be immediately halted. 
We were able to hemostasis by placement of a fully cov-
ered metallic stent and performing coiling with Angio; 
therefore, such procedures should be available immedi-
ately when performing scraping with the new device.

This study has several limitations. First, the study 
design is a single-center, retrospective study. The decision 
to use aspiration cytology or brush cytology in the control 
group was at the discretion of the endoscopist, leading 
to a lower number of samples being derived from brush 
cytology. Perhaps because of this low number of brush 
cytology cases, sensitivity was found to be lower than that 
reported in existing studies. In the future, comparison and 
verification of brush cytology and scrape cytology with a 
randomized controlled trial are desired. In addition, the 
fact of about 10% higher proportion of biliary cancer in 
the scrape group may contributes high sensitivity of the 
scrape group. However, even in the examination of biliary 
cancer cases, there was no statistically difference, but the 
scrape group was about 15% more sensitive. Therefore, 
we believe that only the difference in the proportion of the 
primary diseases affected the results. Moreover, sampling 
specimens were not re-reviewed in a blinded manner by 
the same pathologist. Because of the retrospective study 
with a relatively large number of cases, it was difficult to 
re-review.

In conclusion, our results of bile scrape cytology with 
the new device for biliary strictures were better than that 
of conventional cytology. Bile scrape cytology had sensi-
tivity similar to that of biliary forceps biopsy. Combined 
scrape cytology and biopsy is expected to achieve a good 
diagnostic result, particularly for biliary cancer.
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