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Abstract

Background and Aims Tissue specimen collection repre-

sents a cornerstone in diagnosis of proximal biliary tract

malignancies offering great specificity, but only limited

sensitivity. To improve the tumor detection rate, we

developed a new method of forceps biopsy and compared

it prospectively with endoscopic transpapillary brush

cytology.

Patients and Methods 43 patients with proximal biliary

stenoses, which were suspect for malignancy, undergoing

endoscopic retrograde cholangiography were prospectively

recruited and subjected to both biopsy [using a double-

balloon enteroscopy (DBE) forceps under a guidance of a

pusher and guiding catheter with guidewire] and trans-

papillary brush cytology. The cytological/histological

findings were compared with the final clinical diagnosis.

Results 35 out of 43 patients had a malignant disease (33

cholangiocarcinomas, 1 hepatocellular carcinoma, 1 gall-

bladder carcinoma). The sensitivity of cytology and biopsy

in these patients was 49 and 69%, respectively. The method

with DBE forceps allowed a pinpoint biopsy of the biliary

stenoses. Both methods had 100% specificity, and, when

combined, 80% of malignant processes were detected. All

patients with non-malignant conditions were correctly

assigned by both methods. No clinically relevant compli-

cations were observed.

Conclusions The combination of forceps biopsy and

transpapillary brush cytology is safe and offers superior

detection rates compared to both methods alone, and

therefore represents a promising approach in evaluation of

proximal biliary tract processes.
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Introduction

Cholangiocarcinomas (CCCs) are malignant tumors arising

from the biliary epithelial cells and represent up to 10–20%

of hepatobiliary malignancies [1]. Based on their location,

CCCs are divided into intra- and extrahepatic tumors, the

latter consisting of a perihilar (termed a Klatskin tumor)

and distal subtype [1]. CCCs are among the deadliest

gastrointestinal cancers with tumor resection being the only

curative treatment option. Accordingly, surgery is the

treatment of choice whenever feasible, and, in special

cases, liver transplantation is indicated [1, 2]. However,

surgery represents an invasive procedure which is associ-

ated with considerable mortality, thereby placing a great

emphasis on a best possible preoperative evaluation of the

candidates [3–5]. This is highlighted by the fact that

5–15% of patients undergoing surgical resection for sus-

pected malignancy in fact have a benign disease [5].

Currently, the diagnosis of CCC is established through a

complex approach including clinical context, laboratory

analysis, imaging modalities, and tissue sampling [1, 6–8].

The tissue specimen collection is the superior method in terms

of specificity and is typically performed through cytologic

brushings, biopsy forceps, bile aspiration or endoscopic

ultrasonography-guided fine-needle aspiration (EUS-FNA)

[4, 9]. Brush cytology represents the most commonly used

technique since it is relatively simple, requires little time, but

offers an insufficient sensitivity of 30–60% [2, 4, 10, 11]. On

the other hand, forceps biopsy is a more challenging proce-

dure, but offers a higher cancer detection rate ranging between

43 and 81% and may allow an evaluation of cancer spread into

the subepithelial tissue [4]. Similar to EUS-FNA, the forceps

biopsy is especially challenging in proximal biliary lesions

[4, 9] and, therefore, is only rarely performed. In general,

intraductal biopsies are obtained by the use of a baby endo-

scope. The disadvantage of this method is the fact that only

very small tissue samples are obtained which often do not

allow a definite diagnosis. To improve this problem, we

describe a new method of biliary biopsy using a double-

balloon enteroscopy (DBE) forceps introduced via a pusher

used as guiding tube, which enables a safe and reliable tissue

specimen collection within the proximal biliary tract. To

demonstrate the usefulness of this approach, we prospectively

compared its diagnostic yield with cytology brushings in

patients with potentially malignant proximal biliary strictures.

Patients and Methods

Human Subjects

Our prospective study was designed to compare the use of

endoscopic transpapillary brush cytology and forceps

biopsy in evaluation of proximal biliary strictures and was

carried out at the University Medical Centers Heidelberg

and Ulm. Patients were included when they presented with

a high-grade stricture at or proximal to the hepatic duct

bifurcation, which was suspected for malignancy, and were

scheduled to undergo endoscopic retrograde cholangiog-

raphy (ERC) for clinical indication. In some patients, an

abdominal CT scan was performed prior to the ERC and

was suggestive of a malignant lesion. The cytological/

histological finding in ERC specimen was compared with

the final diagnosis, which was obtained through surgery

and/or prolonged clinical follow-up of at least 12 months.

An informed consent was obtained from all patients. This

prospective study was registered at ClinicalTrials.gov

(NCT 01145248) and was approved by the Human Subjects

Committees of both medical centers.

Endoscopic Treatment

ERC was performed with a duodenoscope Olympus TFJ

160-R (Olympus., Tokyo, Japan) under analgosedation

(midazolam, propofol, and/or short acting opiates) by

two experienced endoscopists (H.K., A.S.). Endoscopic

sphincterotomy was performed with an Olympus papillo-

tome (Olympus) introduced over a guide wire (Jagwire,

0.035 inch; Boston-Scientific, Natick, MA, USA). The

strictures were identified under a radiographic guidance

and dilated up to 10 Fr with a gradually dilating catheter

(Soehendra Biliary Dilatation Catheter; Wilson Cook,

Winston-Salem, NC, USA). After that, the region of interest

was brushed five times in both directions to obtain cytology

specimens. Then, the cannulation of the bile duct was per-

formed by a pusher using a guidewire. The guidewire was

removed and two histology samples were taken via a DBE

forceps (BF1725DF; Fujinon, Willich, Germany), which

was placed under the guidance of the pusher. In some

instances, the cannulation of the bile duct was performed

with a help of guiding catheter (Figs. 1, 2), if the cannulation

was not feasible with the pusher and guidewire alone. The

obtained biopsy size was on average 2 mm.

Pathologic Assessment and Data Analysis

For histological evaluation, biopsy specimen were fixed in

10% buffered formalin and embedded in paraffin. Tissue

sections were stained with hematoxylin and eosin (H&E)

and Periodic Acid Schiff (PAS). The cytology specimens

were transferred to a glass slide by smearing the cellular

material directly from the brush. After fixation with

ethanol, standard cytological stains (H&E, Papanicolau,

May-Grunwald-Giemsa, PAS) were performed. The slides

were evaluated by dedicated pathologists (T.B., I.E.,

P.Sch.) in both centers.
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The patient data were collected and statistically ana-

lyzed with Excel software, version 2003 (Microsoft). The

sensitivity of both methods was defined as the primary

endpoint of the study.

Figures were assembled with Adobe Photoshop (Version

10.0) and Illustrator software (Version 13.0.0; both Adobe

Systems, San Jose, CA).

Results

In the period from January 2007 to March 2009, the study

recruited 43 patients presenting with proximal biliary

strictures (26 males, 17 females) and an average age of

64 ± 17 years (Table 1). An extensive evaluation revealed

a malignant disease in 35 of them, while 8 had a benign

cause of biliary strictures, including 7 patients with primary

sclerosing cholangitis and 1 with a nonspecified inflam-

matory stenosis. Among the malignant processes, 33

patients had a cholangiocarcinoma (including 18 Klatskin

tumours), 1 patient had a hepatocellular, and 1 had a

gallbladder carcinoma. All patients were subjected to ERC

Fig. 1 The technique of bioptic sampling. a To reach the biliary

stricture, a guiding wire and pusher was introduced via the

duodenoscope Olympus TFJ 160-R. In some instances, a guiding

catheter was also used. b The histology samples were taken with a

DBE-forceps, which was placed under a guidance of a pusher after

guiding wire and catheter were removed

Table 1 Characterization of patient cohort

Patient

no.

Age Sex Diagnosis Brush

cytology

Biopsy

1 54 F CCC (Klatskin) ? -a

2 77 F PSC - -

3 37 M CCC in PSC - ?

4 56 F CCC (Klatskin) -a ?

5 74 M CCC (Klatskin) ? n.d.

6 56 F CCC (Klatskin) ? ?

7 72 M CCC -a -

8 46 M CCC in PSC ? ?

9 74 F CCC (Klatskin) - ?

10 72 F HCC ? n.d.

11 72 M CCC (Klatskin) ? ?

12 65 M CCC (Klatskin) ? ?

13 85 M CCC (Klatskin) - -a

14 62 M CCC (Klatskin) - -

15 27 M CCC in PSC ? ?

16 64 M CCC -a -a

17 90 F CCC - ?

18 45 F PSC - -

19 66 F CCC - -

20 86 M CCC - ?

21 19 F PSC - -

22 49 F PSC - -

23 49 M PSC - -

24 68 M Inflammatory stenosis - -

25 88 M Gallbladder carcinoma ? ?

26 72 M CCC (Klatskin) - ?

27 83 F CCC (Klatskin) ? ?

28 75 M CCC (Klatskin) - ?

29 46 M PSC - -

30 57 M CCC - ?

31 69 F CCC (Klatskin) ? ?

32 49 M CCC ? ?

33 81 F CCC - ?

34 37 M PSC - -

35 59 M CCC ? ?

36 72 F CCC (Klatskin) ? ?

37 83 M CCC (Klatskin) - ?

38 39 M CCC in PSC - ?

39 75 F CCC - -

40 69 F CCC (Klatskin) ? -

41 64 M CCC ? ?

42 77 M CCC (Klatskin) - -

43 71 M CCC (Klatskin) ? ?

CCC cholangiocellular carcinoma; HCC hepatocellular carcinoma;

PSC primary sclerosing cholangitis

n.d. The amount/quality of the obtained material was not sufficient for

histological evaluation
a The cytological/histological evaluation was of limited informative

value given the suboptimal quality of the obtained material
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with both cytology brushing and forceps biopsy in the same

session (Fig. 2). The method with DBE forceps allowed a

pinpoint biopsy of the biliary stenoses. In contrast to

studies with unguided biopsying, by the use of a guiding

tube an exact biopsying of the stenosis was made possible in

each case. Moreover, intraductal biopsy of intrahepatic bil-

iary stenoses were possible by this new method (Fig. 2c, d).

The biopsy specimens were larger, on average 2 mm, than

biopsies taken by a cholangioscopy (see Fig. 3 for charac-

teristic examples of histologic/cytologic findings). In some

instances, the cannulation of the bile duct was difficult with

the pusher and guidewire alone. In these cases, the help of

guiding catheter was utilized.

No clinically relevant complications such as significant

bleeding, perforation, or pancreatitis were observed. Dur-

ing the brush cytology, sufficient material was obtained in

40 cases, while in 3 cases, the material was only of limited

informative value. Using the DBE forceps, a satisfactory

sampling succeeded in 38 patients, while 3 and 2 samples

were of limited and no informative value, respectively.

The procedure of brush cytology took 2–3 min and the

forceps biopsy 5–7 min. Both methods reached 100%

specificity for prediction of malignancies. When all

patients were considered, the sensitivity of cytology and

biopsy in detecting malignant processes were 49 and 69%,

respectively. When including only patients with material of

at least limited informative value, the sensitivity of biopsy

in detecting malignancies improved to 73%, while the

cytology results remained unaltered. Considering only high

quality samples, the sensitivity of cytology and biopsy

further increased to 53 and 80%, respectively. When both

methods were combined, they reached a sensitivity of 80%

in detecting malignant diseases and this sensitivity further

improved to 86% in patients, where both methods yielded

samples of good informative value. Of note, all patients

with non-malignant conditions were correctly evaluated by

both methods.

Discussion

While proximal biliary strictures are often caused by

malignant processes, it is not always possible to confirm

the diagnosis through specimen collection, and, in these

instances, the further management of these patients has to

be based on less specific criteria such as clinical context or

imaging modalities [1]. A combination of biliary forceps

biopsy with a transpapillary brush cytology may represent

Fig. 2 ERC findings and

retrieval of the specimen.

Patients presenting with a

potentially malignant perihilar

(arrows in a) or intrahepatic

stenosis (arrows in c). Position

of the hepatic bifurcation is

highlighted by an arrowhead.

Strictures at ERC were

subjected to both transpapillary

brush cytology and forceps

biopsy (as shown in b and d)

at the same time
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an useful approach to increase the diagnostic yield [12–14].

To the best of our knowledge, only one retrospective study

has assessed the utility of both methods in parallel in

patients with hilar CCC, and it showed a moderate increase

in diagnostic yield when biliary forceps biopsy and a

transpapillary brush cytology were combined (sensitivities

of 60.3, 41.4 and 53.4 for a combined approach, brush

cytology and forceps biopsy, respectively; [15]). To verify

these data, our study prospectively evaluated both methods

in parallel in patients with proximal biliary strictures. To

further improve the diagnostic yield of tissue specimen

collection, we established a new method of biliary biopsy

using a relatively large forceps introduced via a tube which

still enables an intraductal biopsying of even intrahepatic

biliary stenoses. This approach addresses the three major

problems associated with previous biopsy techniques, i.e.

the difficulty of cannulation of the bile duct with a standard

biopsy forceps, the imprecise sampling from the sur-

rounding tissue/wall which happens when forceps is

introduced without the use of a guiding tube under the

x-ray control only, and the retrieval of very small speci-

men, which is a common obstacle when using a baby-

endoscope.

We reached the combined sensitivity of 80%, which is

well above the sensitivity published in the previous report

[15]. The sensitivity of cytology brushing (49%) and for-

ceps biopsy alone (69%) was also slightly above the ones

reported by Weber et al. [15], but well within the previ-

ously reported range (30–60% for cytology, 43–81% for

biopsy; [4]).

With this new method of forceps biopsy, we obtained

high quality biopsy samples in most cases. But in 5 of 43

cases the obtained material had suboptimal quality or was

not sufficient for histological evaluation. However, all

these 5 cases were in the first half of the study and may

represent a suboptimal biopsy technique at the beginning of

the study.

Comparison of costs show that the more challenging

procedure of forceps biopsy with the DBE forceps is more

expensive (80 Euros) than the method of brush cytology

(52 Euros). But our results yielded a higher sensitivity for

the forceps biopsy which relativize these costs.

Further studies are needed to clarify whether the higher

diagnostic yield seen in our cohort is indeed due to the

novel endoscopic techniques employed or due to statistical

variability or different patient cohorts examined (i.e.

proximal biliary stenoses analyzed in our paper vs hilar

CCC only studied by Weber et al. [15]).

Given that the combination of both methods was safe

(i.e. no significant clinical complications were observed),

Fig. 3 Histological/cytological findings with intraepithelial neoplasia

and cholangiocarcinoma. a Forceps biopsy showing bile duct

epithelium with architectural distortion, nuclear crowding, pseudostr-

atification, and hyperchromasia. No invasion of the underlying stroma

is evident (intraepithelial neoplasia). H&E staining, scale bar
300 lm. b Higher magnification of (a) shows papillary structures

with hyperchromatic, irregular nuclei. Large nucleoli are visible in

some cells (arrows). H&E staining, scale bar 200 lm. c Bile duct

brushings of the same lesion depicted in (a, b) showing a small group

of malignant cells with hyperchromatic, pleomorphic nuclei. PAS

staining, scale bar 100 lm. d–e Histology and cytology of a

carcinoma of the choledochus (simultaneously taken scratch cytology

and biopsy of the same lesion). d Biopsy reveals carcinoma cells

infiltrating the desmoplastic stroma; H&E staining. e Cytology:

neoplastic cells show varying sizes and polymorphic nuclei. Carci-

noma cells are twice the diameter as compared to the biopsy due to

different fixation procedures (May-Grünwald-giemsa staining). Scale
bar (e) 50 lm. d and e are the same magnification
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this approach is promising and should be further evaluated

in a larger patient cohort. In addition, sample examination

with more advanced analysis methods such as fluorescence

in situ hybridization or digital image analysis [1, 4] should

be sought, since this may further increase the sensitivity of

the described approach.
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