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Abstract

Objectives To evaluate predictive factors for false-negative
diagnosis of percutaneous forceps biopsies in patients
suspected of having a malignant biliary obstruction

Methods Two hundred seventy one consecutive patients with
obstructive jaundice underwent percutaneous forceps biopsy.
In each patient, three to five specimens (mean, 3.5 specimens)
were collected from the lesion. The final diagnosis for each
patient was confirmed with pathologic findings at surgery,
additional histocytologic data, or clinical and radiologic fol-
low-up. Univariate and multivariate logistic regression analy-
sis was used to identify risk factors associated with false-
negative diagnosis.

Results One hundred ninety four of 271 biopsies resulted in
correct diagnoses of malignancy, while 20 biopsy diagnoses
were proved to be true-negative. There were 57 false-negative
diagnoses and no false-positive diagnoses. The diagnostic per-
formance of transluminal forceps biopsy in malignant biliary
obstructions was as follows: sensitivity, 77.2%; specificity,
100%; and accuracy, 78.9%; positive predictive value,
100%, negative predictive value; 25.9%. Periampullary seg-
ment of common bile duct, intrahepatic bile duct and metasta-
tic disease were the significant risk factors of false-negative
diagnosis.
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Conclusions Percutaneous forceps biopsy provides relatively

high accuracy in the diagnosis of malignant biliary obstruc-

tions. The predictive factors of false-negative biopsy were

determined to be biopsy site and origin of primary tumour.

Key Points

* Percutaneous forceps biopsy provides relatively high accu-
racy in diagnosis of malignant biliary obstructions.

* The predictive factors of false-negative biopsy were biopsy
site and origin of primary tumour.

o The procedure-related complications were low.
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Introduction

Major advances in the diagnosis of malignant biliary obstruc-
tion have been made over the past few decades. The site of
obstruction in the bile duct can be identified quickly and ac-
curately using non-invasive imaging systems, such as ultra-
sound scanning (US), computed tomography (CT), and mag-
netic resonance cholangiopancreatography (MRCP) [1].
However, tumours that affect the bile duct are often too small
to have specific imaging findings. Moreover, malignant ob-
structions cannot be easily distinguished from benign obstruc-
tions [2, 3]. Therefore, histological confirmation for correct
diagnosis is often required from both a therapeutic and a prog-
nostic viewpoint.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-017-4796-x&domain=pdf

4292

Eur Radiol (2017) 27:4291-4297

Percutaneous transhepatic biliary drainage (PTBD) is a
well-established interventional radiologic procedure used in
patients with obstructive jaundice. It can be used to provide
access to the bile duct for various biopsy instruments. Forceps
biopsy via the PTBD tract has become a popular method for
diagnosing biliary tumours since it was first reported in 1980
[4]. Four recent large studies that included more than 50 pa-
tients suggested that histological diagnosis with forceps biop-
sy was more successful than that with bile cytology and fine-
needle aspiration biopsy (FNAB), with a reported sensitivity
of 78%-93% [5-8]. However, most of the previous studies
have focused on the results of the technique [5—8], and no
studies have been performed to analyze outcome-associated
factors in a large study population. Therefore, additional stud-
ies are needed to identify factors associated with the outcome.
The purpose of the current study was to evaluate the diagnos-
tic accuracy of percutaneous transluminal forceps biopsy in
271 patients suspected of having a malignant biliary obstruc-
tion and to identify predictive factors associated with technical
outcomes.

Materials and methods
Patients

Institutional review board approval was obtained before the
initiation of this retrospective study. We retrospectively exam-
ined a total of 291 consecutive patients with obstructive jaun-
dice who underwent percutaneous transluminal biopsy of the
bile duct with a 50-cm, 5.4-F flexible biopsy forceps (Cordis,
Miami, F1, USA) between February 1995 and October 2014 at
our institution. Twenty patients were excluded due to inade-
quate image quality of the CT images or short follow-up du-
ration. All cases were performed by one of two interventional
radiologists (G.S.J, G.H.K) through a PTBD tract during or
after the procedure for bile duct decompression. One hundred
and thirty of the 271 patients were also included in a previous
study performed at our institution [8]. This previous article
focused on the results of the technique, whereas in this man-
uscript we evaluate predictive factors for false-negative
diagnosis.

Suspicion of a malignant obstruction was the main indica-
tion of the biopsy. The medical records, surgical reports, his-
topathologic reports, and diagnostic imaging reports of each
patient were retrospectively reviewed. The following informa-
tion was recorded from patient records: age, sex, technical
success of the biopsy procedure, approach route for the biopsy
(right- or left-side approach), site of the lesion, length of ste-
nosis, operator, complications and their treatment, final diag-
nosis and means of establishing the final diagnosis, histopath-
ologic results, biopsy sample adequacy, radiological follow
up, and clinical follow-up. The length of the stenosis was
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evaluated in only 131 of the 271 study participants because
multiplanar reformatted CT images or digital cholangiography
images during the procedure were not available in the remain-
ing 140 patients.

Technical success of the biopsy procedure was defined as
successful access to the lesion site and successful acquisition
of tissue samples. The samples were considered successful if
the histopathologist had sufficient material to render a diagno-
sis from the sample provided.

All patients underwent abdominal computed tomogra-
phy (CT) and ultrasonography before the interventional
procedure. Radiology reports identified biliary dilatation
in all cases.

Procedure

For conscious sedation, 1-2 mg of lorazepam (Ativan; Wyeth-
Korea, Gunpo, South Korea) was administered intravenously
before the procedure. All procedures were performed under
local anaesthesia at the puncture site. Percutaneous
transhepatic cholangiography and biliary drainage were per-
formed with the standard technique as previously described
[9]. The biopsies were performed as previously discussed [10,
11]. Briefly, after passage of a 145-cm, 0.035-inch guide wire
(Radiofocus M, Terumo, Tokyo, Japan or Amplatz Superstiff,
Med-tech/Boston Scientific, Watertown, MA, USA) through
the lesion into the common bile duct or down to the duode-
num, a 25-cm, 8-F sheath (Cook, Bloomington, IN, USA) was
advanced over the guide wire, with its tip positioned within
the stricture area. Subsequently, the dilator was removed and
the outer sheath and guide wire were left in place. The biopsy
forceps was then inserted through the sheath to the proximal
margin of the stricture, and biopsy was performed with fluo-
roscopic guidance (Fig. 1). In each patient, three to five biopsy
specimens (mean, 3.5 specimens) were taken from the lesion
and were fixed with formalin to be sent for histopathologic
examination.

The final diagnosis for each patient was rendered with
histological analysis at surgery or other histological or
cytological studies (i.e., FNAB, ascitic fluid). In the ab-
sence of histological or cytological studies, the final diag-
nosis was of malignancy if there was an increase in size
of the lesion and/or development of a metastasis on
follow-up imaging studies.

Statistical evaluation

Sensitivity, specificity, positive and negative predictive
values, and accuracy were calculated for the biopsy technique.
For statistical purposes, a pathologic result reported as
“inadequate” or as “suspicious”, but not definitely diagnostic
for a malignant tumour was regarded as a negative result.
Univariate and multivariate logistic regression analysis were
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Fig. 1 Image obtained in a 70-
year-old man with jaundice (a)
Percutaneous transhepatic chol-
angiogram shows a stricture
(arrows) in the common hepatic
duct. (b) Percutaneous
transhepatic cholangiogram
shows the biopsy forceps (arrow),
which is inserted through a sheath
to enable biopsy of the region of
the structure

performed to identify independent prognostic factors that were
associated with a false-negative result. The factors that were
found to be statistically significant by using univariate analy-
sis were entered into multivariate models to gauge their inde-
pendent predictive value on false negative diagnosis.
Statistical analysis was performed with SPSS software, ver-
sion 19.0 (IBM, Chicago, IL). A P value < 0.05 was consid-
ered to indicate a significant difference.

Results

All biopsy procedures were technically successful. Biopsies
were performed with a right-sided approach in 191 patients
and with a left-sided approach in 80 patients.

The lesions involved the common bile duct (n = 106),
common hepatic duct (n = 60), hilum (n =5 9), periampullary
segment of common bile duct (n = 31), and right or left IHD
duct (n =15). A stricture located within the distal 2 cm of the
common bile duct and extending down to the level of the
ampulla of vater was considered to be a stricture of the
periampullary segment of the common bile duct.

The final diagnosis was malignant disease in 251 patients.
The disease included cholangiocarcinoma (n = 180), pancreatic
carcinoma (n = 25), GB cancer (n = 6), hepatocellular carcino-
ma (n = 3), Ampulla of vater cancer (n = 6), duodenal cancer (n
= 1) and metastatic carcinoma (n = 30) from stomach cancer,
cervical cancer, lymphoma, anal cancer and lung cancer.

Malignant tumours were classified into two groups accord-
ing to the origin of primary tumour: Cholangiocarcinoma (n =
180) and metastatic disease (n = 71) which is a malignant
tumour other than cholangiocarcinoma. Metastatic disease in-
cludes pancreatic carcinoma, GB cancer, hepatocellular carci-
noma, duodenal cancer and metastatic carcinoma.

The diagnosis of malignant disease was confirmed with a
pathologic finding at surgery (n = 81); with histological or

cytological findings after FNAB, sampling of ascitic fluid or
bile acid (n = 36), or evidence of increase in size of the lesion or
development of a metastasis at radiologic follow-up (n = 134).
The final diagnosis in the remaining 20 patients was benign
disease. Seven of 20 patients with benign diseases were con-
firmed with surgical biopsy results. In the absence of surgical
biopsy results, the final diagnosis of benign disease was based
on follow-up at a minimum of 12 months with clinical course
and imaging showing no evidence of disease progression.
The histological results of forceps biopsy are shown in
Table 1. One hundred and ninety-four of 271 biopsies resulted
in a correct diagnosis of malignancy. A specific histological
diagnosis was made in 186 cases. The remaining eight cases
were definitely carcinoma, although the exact histological
type was not determined. There were 20 true negative diagno-
ses. The remaining 57 diagnoses at biopsy were considered to
be false-negative and included chronic inflammation (n = 46),
findings suspicious for carcinoma (n = 6), and inadequate
samples (n = 5). In the five cases of inadequate sampling,
necrotic or fibrinous materials were obtained from the speci-
mens. For the diagnosis of malignant biliary obstruction,
transluminal forceps biopsy had a sensitivity of 77.2% and a
specificity of 100%. Although the positive predictive value

Table 1  Histologic results of forceps biopsy in 271 patients

Histologic result No. of patients (%)

Adenocarcinoma 180 (66.4)
Squamous cell carcinoma 2 (0.7)
Lymphoma 2(0.7)
Hepatocellular carcinoma 2 (0.7)
Carcinoma, type undetermined 8(3)
Suspicious for carcinoma 6(2.2)
Chronic inflammation 66 (24.4)
Inadequate sample 5(1.8)
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Table 2 Baseline characteristics of 271 patients and univariate analysis of risk factors for a false-negative diagnosis

Factors All patients (n=271) False-negative diagnosis (n=57) Univariate analysis
Odds ratio (95% CI) P value

Age (years) 64 £11.53 63+11.07 0.990 (0.066 - 1.015) 0.435
Male (female) 179 (92) 36 (21) 1.175 (0.639 - 2.160) 0.604
Operator

Operator 1 228 46 1

Operator 2 43 11 1.360 (0.638 - 2.901) 0.426
Approach site

Right 191 42 1

Left 80 15 0.837 (0.424 - 1.580) 0.551

Biopsy number 3+£1.08 3+1.18 0.674 (0.500 - 0.910) 0.009

Length of the stenosis® 2+098 1.9+ 0.90 0.734 (0.330 - 1.636) 0.450
Site of the lesion

CBD 106 19 1

Periampullary segment 31 13 6.58 (2.298 - 16.504) <0.001

CHD 60 13 1.232 (0.557 - 2.725) 0.607

Hilar 59 7 0.574 (0.226 - 1.460) 0.244

IHD 15 5 3.045 (0.871 - 10.646) 0.081
Origin of primary tumour

Cholangiocarcinoma 186 33 1

Metastatic disease * 65 24 2.714(1.447 - 5.089) 0.002

* Metastatic disease includes pancreatic carcinoma, GB cancer, hepatocellular carcinoma, duodenal cancer, stomach cancer, cervical cancer, lymphoma,

anal cancer and lung cancer.

® Length of the stenosis was evaluated in only 131 of the 271 study population
CBD = common bile duct; CHD = common hepatic duct; [HD = intrahepatic bile duct

was 100%, the negative predictive value was only 26%. The
overall accuracy of forceps biopsy for correct diagnosis of all
biliary lesions was 78.9% (214 of 271 cases).

The univariate logistic analysis was used to identify the
predictive factors associated with false-negative biopsy
and included age, sex, operator, approach site for the bi-
opsy (right- or left-side approach), site of the obstruction,
type of the primary tumour, and number of biopsy speci-
mens. Univariate logistic analysis showed that false-
negative results were associated with a number of biopsy
specimens, site of the obstruction and type of primary
tumour (Table 2). Multivariate logistic analysis revealed
that metastatic disease (odds ratio 2.626, 95% CI 1.288-
5.354, P = .008), periampullary segment of the common
bile duct (odds ratio 4.355, 95% CI 1.651-11.490, P <
.001) and intrahepatic bile duct (odds ratio 4.051, 95%
CI 1.077-15.246, P = .039) were independent prognostic
factors for false-negative results (Table 3). Other factors
were not related to the false-negative results.

Eleven patients (4%) experienced complications, which in-
cluded hemobilia (n = 9) and biloma (n = 2). Eight cases of
hemobilia were transient and resolved within 24 hours. One
case of hemobilia lasted for two days and was successfully
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treated by transarterial embolization. The two cases of biloma
were successfully treated with percutaneous catheter drainage.

Table 3  Multivariate predictive factors for a false-negative diagnosis

Factors Multivariate analysis
Odds ratio (95% CI) P value

Biopsy number 0.737 (0.542 - 1.001) 0.051
Site of the lesion

CBD 1

Periampullary segment 6.811 (2.420 - 19.166) <0.001

CHD 1.483 (0.646 - 3.408) 0.353

Hilar 0.887 (0.327 - 2.407) 0.814

IHD 4.051 (1.077 - 15.246) 0.039
Origin of primary tumour

Cholangiocarcinoma 1

Metastatic disease 2.626 (1.288 - 5.354) 0.008

Metastatic disease includes pancreatic carcinoma, GB cancer, hepatocel-
lular carcinoma, duodenal cancer, stomach cancer, cervical cancer, lym-
phoma, anal cancer and lung cancer.

CBD = common bile duct; CHD = common hepatic duct;

IHD = intrahepatic bile duct
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Discussion

Currently, various transluminal techniques for acquiring tissue
from biliary tumours are performed through a PTBD tract.
Because most tumours of the bile duct arise from ductal epi-
thelium, tissue obtained through the bile duct from an abnor-
mal segment seems to be the most appropriate for pathologic
examination. Collection of bile for cytological examination is
a simple technique but is rarely used because of its poor results
[12]. Brush cytology sampling performed during PTBD or
endoscopic retrograde cholangiopancreatography has been
proven to be safe and effective, but several reports showed it
to have a low sensitivity of 35%-61% and superficial sampling
nature [5, 13, 14]. In an attempt to further increase the diag-
nostic value of biopsy of the bile duct, a transluminal biopsy
technique has been developed that incorporates the use of
biopsy forceps, which were reported to have relative high
sensitivity of 78-93% and specificity of 100% [5-8]. In addi-
tion, percutaneous cholangioscopic transluminal forceps biop-
sy of the bile duct offers the greatest chance to obtain malig-
nant cells because it enables more accurate targeting and direct
inspection of the lesion; its reported sensitivity in the diagno-
sis of cholangiocarcinoma is 96% [15]. However, this tech-
nique is more difficult, time consuming, and expensive than
other transluminal techniques because the PTBD tract must be
dilated to accommodate the cholangioscope (10). Moreover,
the utility of cholangioscopic forceps biopsy in the diagnosis
of extrabiliary malignancy remains limited. Peroral
cholangioscopic forceps biopsy is another method that enables
more accurate targeting and direct inspection of the lesion, but
several reports showed it to have a low sensitivity of 49%-
77% [16—19]. Peroral cholangioscopic forceps biopsy has an
inherent limitation that relates to the smaller cup size com-
pared with percutaneous transluminal forceps biopsy [17].
IDUS has been reported to be a useful modality to demon-
strate the longitudinal extent of bile duct cancer [20].
Transpapillary biopsy under the guidance of IDUS may fur-
ther improve the diagnostic accuracy [21]. Therefore, the
combination of IDUS and transpapillary biopsy could be used
as an alternative to percutaneous transhepatic cholangioscopy
and biopsy for accurate targeting of the lesion and increasing
the diagnostic efficacy of the biopsy technique [21].

This large series study shows that transluminal forceps bi-
opsy of biliary tumours is highly accurate in the diagnosis of
malignant biliary obstruction. The overall accuracy of forceps
biopsy was 79%, with sensitivity of 77.4% and a specificity of
100%. Several studies [5, 7, 8, 22] in relatively large groups of
patients obtained results comparable to ours (i.e., overall sen-
sitivities of 78%-93% were observed in 40-130 patients).

Multivariate logistic analysis showed that false-negative
results were associated with the origin of a primary tumour
and with the site of obstruction. Metastatic disease was a sig-
nificant independent factor of false-negative results. Many

extrabiliary cancers may cause biliary obstruction by metasta-
sizing to the lymph nodes around the extrahepatic bile duct,
through direct neoplasitc invasion of the biliary tree, or by
compressing the biliary tree without direct invasion [23-25].
Sato et al. found that, in percutaneous transhepatic
cholangioscopy-guided forceps biopsy of the bile duct, biopsy
specimens were obtained from only the mucosa and superfi-
cial part of the fibromuscular layer of the duct [26]. They
suggested that forceps biopsy is therefore less helpful for de-
tecting extrinsic tumours or tumours in the deep part of the
bile duct wall. Our study showed that the sensitivity of forceps
biopsy in patients with malignant metastatic disease (61.9%)
was significantly lower than its sensitivity in patients with
cholangiocarcinoma (83.3%). Terasaki et al. [27] reported a
sensitivity of 100% for forceps biopsy, even in five patients
with extrinsic malignancy. We surmise that biopsy results of
metastatic disease were dependent on the depth of infiltration
of the bile duct wall by the extrinsic malignancy.

In our study, location of the lesion in the periampullary
segment of the common bile duct and IHD were also the
significant independent factor for false-negative results. The
thirteen of 31 cases of periampullary segment showed false-
negative results, which including seven cases of metastatic
cancer, four cases of ampulla of vater cancer and two cases
of cholangiocarcinoma. Obstructions in the distal part of the
common bile duct were difficult to satisfactorily sample at
biopsy because the forceps jaws frequently faced the sidewall
of the duct rather than the wall of the obstructed region due to
angulation in that area. These factors could explain false-
negative results in the periampullary segment. Five of 15 cases
of IHD showed false-negative results, including four cases of
cholangiocarcinoma and one case of metastatic cancer. Three
out of the four cases of cholangiocarcinoma represented
intrahepatic mass-forming cholangiocarcinoma. We hypothe-
sized that the three cases of intrahepatic mass-forming chol-
angiocarcinoma may have caused biliary obstruction by ex-
trinsic compression rather than by bile duct invasion.

Endoscopic transpapillary forceps biopsy is another meth-
od used to obtain tissue samples of malignant biliary obstruc-
tion, and has a wide range of sensitivity from 30 to 88%
[28-30]. This ERCP-based technique is also a significantly
higher sensitive method in bile duct cancer but not in tumours
outside the bile duct, such as pancreatic cancer [28, 29].
Endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA) can be used as an alternative sampling technique.
Researchers have reported that EUS-FNA has a high sensitiv-
ity for suspected malignant biliary obstruction, when endo-
scopic forceps biopsy showed negative results [31].
Therefore, tissue sampling for periampullary tumours or met-
astatic disease by using the EUS-FNA might be a better meth-
od than forceps biopsy [29, 30].

One recent large study including 241 patients with biliary
strictures suggested that a stricture length >30 mm was a
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significant indicator of positive diagnosis by forceps biopsy
[28, 29]. However, stricture length was not associated with a
false-negative diagnosis in our study, in which tissue samples
were obtained at the stricture margin. We surmise that differ-
ences in sampling method explained this discrepancy.

The number of passes with the biopsy forceps was related
to the amount of specimens. The small amount of biopsy
specimens does pose significant issue for the pathologist. In
our study, the number of biopsy specimens was a significant
factor for the false-negative results in univariate logistic anal-
ysis (odds ratio 0.674, C10.500 - 0.910, p = 0.009), and was a
marginal trend in multivariate logistic analysis (odds ratio
0.737, C1 0.542 - 1.001, p = 0.051). The number of passes
with the biopsy forceps was left to the operator’s discretion.
During the study period, the number of passes with biopsy
forceps was usually three times. When a biopsy sample was
thought to be inadequate (i.e., bloody sample, necrotic debris,
small sample size), an additional sample was taken. Mean
number of biopsy specimens was 3.5. Based on the findings
of the present study, however, a minimum of five samples
have been routinely obtained since then.

The complication rate was low (4%); eleven patients expe-
rienced complications of hemobilia or biloma. In one case of
hemobilia, transarterial embolization was required. The theo-
retic risks of performing transluminal biopsy of the bile duct
wall include injury to an adjacent blood vessel or development
of a bile leak. However, such complications have not been
reported in the literature. In our study, two cases of biloma
were thought to be caused by the drainage process rather than
by the biopsy procedure, because the bilomas occurred in
subcapsular locations far from the biopsy site.

This study is not without limitations. Clinical data collected
after the procedure were retrospective in nature. There was the
lack of confirmative histological diagnoses in a large number
of patients (53%). Moreover, the thirty-three cases of benign
histological results were included in our study, having the final
diagnosis was rendered on the basis of follow-up only.
Nevertheless, we thought that a clinical follow-up period of
longer than 12 months would be sufficient to exclude other
potential diagnoses.

In conclusion, percutaneous transluminal forceps biopsy
provides relatively high accuracy in the diagnosis of malignant
biliary obstructions and has a low number of complications.
The predictive factors of false-negative biopsy were determined
to be the biopsy site and the origin of the primary tumour.
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