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Abstract
Objectives To evaluate percutaneous brush cytology, forceps
biopsy and a tandem procedure consisting of both, in the di-
agnosis of malignant biliary obstruction.
Methods A retrospective review of consecutive patients who
underwent biliary brush cytology and/or forceps biopsy be-
tween 01/2010 and 09/2014 was performed. The cytology and
pathology results were compared to the composite outcome
(including radiological, pathological and clinical data). Cost
for tandem procedure compared to brush cytology and forceps
biopsy alone was calculated.
Results A total of 232 interventions in 129 patients (70.8 ±
11.0 years) were included. Composite outcome showed ma-
lignancy in 94/129 (72.9%) patients. Sensitivity for brush cy-
tology, forceps biopsy and tandem procedure was 40.6%
(95% CI 32.6–48.7%), 42.7% (32.4–53.0%) and 55.8%
(44.7–66.9%) with 100% specificity, respectively. There were
9/43 (20.9%) additional cancers diagnosed when forceps bi-
opsy was performed in addition to brush cytology, while there
were 13/43 (30.2%) more cancers diagnosed when brush cy-
tology was performed in addition to forceps biopsy.
Additional costs per additionally diagnosed malignancy if tan-
dem approach is to be utilised in all cases was $704.96.

Conclusion Using brush cytology and forceps biopsy in tan-
dem improves sensitivity compared to brush cytology and
forceps biopsy alone in the diagnosis of malignant biliary
obstruction.
Key points
• Tandem procedure improves sensitivity compared to brush
cytology and forceps biopsy.

• Brush cytology may help to overcome Bcrush artefacts^ from
forceps biopsy.

• The cost per diagnosed malignancy may warrant tandem
procedure in all patients.
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Introduction

Percutaneous transhepatic biliary drainage (PTBD) is a com-
monly performed procedure in the diagnosis and treatment of
biliary obstruction [1, 2]. First described in 1980 [3], percuta-
neous transhepatic biliary duct access was used to obtain both
cytological and tissue specimens for pathologic diagnosis of
the cause of biliary obstruction.

The reported yield of brush cytology and forceps biopsy in
the literature varies between 26% and 92% [4–9].
Additionally, diagnostic yield of brush cytology and forceps
biopsy differs between different locations and tumour entities
and additional value of repeated biopsies has been reported. A
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tandem procedure consisting of both methods could potential-
ly reduce variability and increase diagnostic yield and has
been reported to improve diagnostic yield in endoscopic guid-
ed biopsies [10]. Furthermore, it may be beneficial compared
to performing two separate procedures in cases of an initial
negative biopsy owing to the already established access. There
are only two studies that evaluate performing both procedures
in tandem percutaneously; however, these studies used differ-
ent techniques that are not routinely used: a smear from the
forceps biopsy to obtain cytology instead of independent cy-
tological sampling [6] and a choledochoscopic approach in-
stead of fluoroscopy to obtain samples [7].

A potential downside of the tandem procedure is increased
cost associated with performing two tests instead of one. The
cost for brush cytology and forceps biopsy is reported to be
similar [5]; however, additional diagnostic yield of tandem
procedure versus each procedure alone should be
demonstrated.

The purpose of our study is to investigate the diagnostic
yield and costs associated with tandem procedure consisting
of brush cytology and forceps biopsy as compared to each one
separately.

Methods

Patients

A retrospective search in the interventional radiology (IR)
database was performed in this institutional review board ap-
proved, Health Insurance Portability and Accountability Act
compliant study with waiver of informed consent. All patients
who underwent a procedure with the brush cytology device
(Cellebrity Cytology Brush Set, Boston Scientific,
Marlborough, MA, USA), a procedure with the forceps tissue
biopsy device (Radial Jaw Forceps, Boston Scientific,
Marlborough, MA, USA) or both at the same time (tandem
procedure) under fluoroscopic guidance in a single tertiary
academic hospital between January 2010 and September
2014 were included in the study. Patients who underwent a
procedure for causes other than suspected malignant biliary
obstruction were excluded from the study (Fig. 1).

Procedure

All patients were referred to IR after a failed attempt at endo-
scopic retrograde access or directly referred to IR because of
unfavourable anatomy for an endoscopic approach (e.g. due to
hepatico-jejunostomy). The indications for percutaneous bili-
ary procedure were biliary obstruction and a suspected malig-
nancy lesion on cross-sectional imaging. Indication for the
type of biliary sampling procedure was based on operator
preference as no evidence-based literature was available at

that time. All PTBD procedures in our tertiary academic cen-
tre are performed by one of the IR fellows under direct super-
vision of an attending interventional radiologist. After estab-
lishing percutaneous access to the biliary system and then to
the enteric system, sampling was performed via coaxial tech-
nique through a support sheath placed just beyond the area of
stricture/mass. By institutional protocol, brush cytology is per-
formed initially, followed by the forceps biopsy. The brush
and forceps device were then advanced through the sheath
and the sampling device was unsheathed to obtain tissue sam-
ples exactly at the level of obstruction. The devices were then
retracted within the sheath and removed. Two to three tissue
samples (either brush cytology or forceps biopsy or both) were
obtained in every procedure.

The brush cytology samples were sent in methanol/water
solution (Thin Prep Cytolyt solution, Hologic Inc,
Marlborough, MA), and the forceps biopsy specimens were
placed in a cup with formalin for transport to pathology.

Data analysis

Data analysis was performed by an IR attending (Olga R.
Brook), an IR fellow (Raphael Yoo) and a radiology research
fellow (Johannes Boos) with 14, 7 and 3 years of experience
in radiology. The following parameters were evaluated: age,
gender, biopsy location, type of biopsy performed, indication
for biopsy and final diagnosis. Biopsy location was classified
as intrahepatic right or left biliary system, biliary confluence,
common bile duct, ampulla and bowel/hepaticojejunal (HJ)
anastomosis. The cytopathology result was considered posi-
tive for malignancy when reported as positive and/or
suspected malignancy, and negative when reported as nega-
tive, atypical and/or insufficient tissue. Further analysis was
performed for all cases with benign causes of biliary obstruc-
tion and for cases where the biopsy yielded insufficient tissue,
including a Bcrush artefact^ which represents Bcrushed^ ma-
terial due to the force used during forceps biopsy causing the
inability to reach a histopathological diagnosis.

The reference standard was a composite of the current pa-
thology result and pathology result from follow-up procedures
within a year after the procedure. For overall sensitivity anal-
ysis of the different procedures, all procedures that were per-
formed as part of a tandem procedure were assigned to either
brush or forceps biopsy. Therefore, brush cytology from a
solitary brush cytology procedure (n = 100) and brush cytolo-
gy performed as part of a tandem procedure (n = 110) were
pooled together (n = 210) for this analysis. Forceps biopsies
from solitary forceps procedures (n = 22) were pooled with
forceps biopsies from tandem procedures (n = 110, overall
n = 132).

Patients who underwent tandem procedure and were diag-
nosed with cancer by composite outcome were further
analysed. All intervention reports, reports of follow-up
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procedures and clinical patient notes within 1 week after the
initial intervention were reviewed for complications such as
bleeding, clogging of the biliary drainage, transfer to intensive
care unit and death.

Cost analysis

The price of equipment was assessed using information pro-
vided by the vendor. Cytology and pathology costs for the
brush cytology and the forceps biopsy were assessed using
the Medicare reimbursement rates. Overall costs were extrap-
olated and cost per additional malignancy diagnosis and per-
cent of increased detection rate when using the tandem meth-
od compared to both other methods alone was calculated. The
formula used was [(cost tandem – cost other method)/(cancer
detection rate tandem – cancer detection rate other method)]
[11].

Statistical analysis

Data is given as mean ± standard deviation or as median ± inter-
quartile range with 95% confidence intervals (95% CI).
Sensitivity of brush cytology and forceps biopsy was compared
using the method reported by Bland and Butland [12]. The
McNemar test was used to compare brush cytology and forceps
biopsy in patients with malignancy that underwent both proce-
dures in tandem. Cohen’s kappa statistics was used to assess
agreement between brush cytology and forceps biopsy. The level
of statistical significance was set at alpha < 0.05.

Results

Subjects

A total of 232 interventions (129 patients, 61 women, 68 men,
age 70.8 ± 11.0 years, range 39–94 years) were included in the
study; 210 brush cytology procedures (Fig. 2), 132 forceps
biopsies (Fig. 3) and 110 tandem biopsies were included in
the study (Fig. 1). Of 232 interventions, 85 (36.6%) were
performed at the time of the initial biliary drainage placement
and 147/232 (63.4%) were performed at a later time point.
Composite outcome showed malignancy in 94/129 patients
(72.9%) and another cause for the biliary obstruction in 35/
129 (27.1%) patients (Appendix Tables 1 and 2). Rate of ma-
lignancy was 143/210 (68.1%) for brush cytology, 89/132
(67.4%) for forceps biopsy and 77/110 (70%) for tandem
procedure.

Diagnostic accuracy

Sensitivity to detect malignancy was 58/143 (40.6%, 95% CI
32.6–48.7%) for brush cytology, 38/89 (42.7%, 95% CI 32.4–
53.0%) for forceps biopsy and 43/77 (55.8%, 95% CI 44.7–
66.9%) for tandem procedure. Sensitivity for benign and ma-
lignant causes of biliary obstruction was 76/210 (36.2%, 95%
CI 29.7–42.7%) for brush cytology, 64/132 (48.5%, 95% CI
40.0–57.0%) for forceps biopsy and 59/110 (53.6%, 95% CI
44.3–62.9%) for the tandem approach. Sensitivity was com-
parable between brush cytology only procedure and brush

Fig. 1 Standards for Reporting
Diagnostic Accuracy (STARD)
flow chart of interventions in-
cluded in our study

524 Eur Radiol (2018) 28:522–529



cytology as part of the tandem procedure (24/65, 36.9% vs.
27/77, 44.2%, p = 0.38) and higher for forceps biopsy only
procedure compared with forceps as part of the tandem pro-
cedure (8/12, 66.6% vs. 27/77, 35.0%, p = 0.04, 95%CI of the
difference −2.3% to 57.3%). Specificity was 100% for all
methods. Agreement between brush cytology and forceps bi-
opsy in cancer patients was moderate (0.43, 95% CI 0.23–
0.63) [13]. Negative predictive value was highest for tandem
approach (33/67, 49.3%, 95% CI 37.3–61.3%) compared to
brush cytology (72/152, 44.1%, 95% CI 36.2–52.0%) and
forceps biopsy (42/94, 45.7%, 95% CI 35.6–55.8%). The tan-
dem approach provided the highest sensitivity for all locations
except for the biliary confluence (Table 1) and for all types of
malignancy (Tables 2 and 3). Tandem biopsy led to an in-
creased malignancy detection rate of 9/43 (20.9%, 95% CI
11.4–35.2%) compared to brush cytology alone and 13/43

(30.2%, 95% CI 18.6–45.1%) compared to forceps biopsy
alone. There was no significant difference regarding the addi-
tional value over either method during the tandem procedure
(p = 0.52, odds ratio 1.44, 95% CI odds ratio 0.62–3.38).

Complications of the procedure

There were no complications immediately related to the pro-
cedure in any of the patients. In 73/232 (32%) of the cases, a
biliary intervention was performed within 1 week after the
index procedure. In 9/232 (3.9%) cases the drainage catheter
was occluded during the follow-up procedure, 4/9 times after
brush cytology only and 5/9 times after the tandem procedure.
In all nine cases sampling was performed at the time of place-
ment of a percutaneous biliary drainage. Other re-
interventions were performed for leakage around the drainage

Fig. 2 Sixty-six-year old male
patient post Whipple procedure
for ampullary carcinoma with
biliary obstruction (a, arrow
showing site of the obstruction)
and percutaneous biliary
drainage undergoing brush
cytology (b, white arrow).
Cytology was negative for
malignant cells

Fig. 3 Seventy-year-old man
with biliary obstruction (a)
undergoing forceps biopsy (b
white arrow) as part of the tandem
procedure. Pathology diagnosed
adenocarcinoma and brush
cytology was positive for
malignant cells
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(6/232, 2.6%), re-evaluation of the biliary system for insuffi-
cient biliary drainage as detected clinically by lack of decrease
in total bilirubin or persistently elevated liver function tests
(36/232, 15.5%), stent placement or removal (18/232, 7.8%)
and attempts to internalize the drainage (4/232, 1.7%).
Analysis revealed no case with tract seeding due to the inter-
vention. One 87-year-old male patient with pancreatic cancer
and widespread peritoneal metastatic disease was referred to
the intensive care unit after the procedure because of hypoten-
sion. The patient died after 5 days; however, autopsy revealed
no bleeding and no coherence to the procedure.

Insufficient material for pathological diagnosis

Insufficient material to enable pathological diagnosis was
found in 20/342 of all procedures (5.8%; 1/20, 5% in brush
cytology, 19/20, 95% in forceps biopsy). Composite outcome
analysis revealed malignancies in 14/20 of these cases (70%,
95% CI 51.2–88.2%). In 11 out of 20 cases (58%, 95% CI
34.2–74.2%, all forceps biopsy), the reason for the inability to
make the diagnosis was a Bcrush artefact^. In three out of 11
(27%, 95% CI 1–53.6%) cases with crush artefact in the for-
ceps biopsy, brush cytology enabled diagnosis of malignancy.

Repeated procedures

Initial biopsy was negative in 38/129, 29.5% of the patients
(brush cytology n = 23, forceps biopsy n = 2, tandem proce-
dure n = 13). All 38 patients underwent at least one additional
biopsy (96 follow-up interventions, median 1, range 1–10).

In 22/38 patients (57.9%), composite outcome revealed a
malignancy (cholangiocarcinoma n = 17, pancreatic carcino-
ma n = 2, hepatocellular carcinoma n = 1, adenocarcinoma
with oncocytic features n = 1, melanoma metastasis n = 1).
In these 22 patients, 54 follow-up procedures were performed
which enabled diagnosis in 15/22 patients (68%; 25/54 proce-
dures, 46%). Diagnosis was achieved at the second procedure
in 9/22 (40.9%, 95% CI 20.4–61.4%) patients, at third proce-
dure in 1/22 (4.6%, 95% CI 0–13.4%) patients, at fourth pro-
cedure in 4/22 (18.2%, 95% CI 2.1–34.3%) patients and at
ninth procedure in 1/22 (4.6%, 95% CI 0–13.4%) cases. The
initial procedure was repeated in 36/54 (66.7%, brush cytolo-
gy n = 29, tandem n = 7), whereas a different procedure was
performed in 18/54 cases (33.3%, brush cytology n = 2, for-
ceps biopsy n = 2, tandem procedure n = 14). In cases with
repeated procedure of the same modality, diagnosis was
achieved in 10/29 (34.5%) cases with brush cytology and 4/
7 (57.1%) of cases with tandem procedure. In cases with a
different follow-up procedure, diagnosis was achieved in six
cases with tandem after brush cytology, two cases with brush
cytology after tandem and one case with forceps after brush
cytology, forceps after tandem procedure and tandem after
forceps procedure, respectively.

Cost analysis

Equipment price at the time of the study was $11.50 for a
cytology brush set and $44.00 for a forceps biopsy kit.
Medicare reimbursement rates for cytological and pathologi-
cal analysis for biliary brush cytology and forceps biopsywere
$80.85 and $81.74 in 2016, respectively. Therefore, overall
cost for a single brush cytology was $92.35, for a single for-
ceps biopsy was $125.74 and for a single tandem procedure
was $218.09 (Table 4).

If the tandem approach was used for all patients, then cost
per detection of one additional malignancy compared to brush
cytology alone would be $827.24, and compared to forceps
biopsy alone it would be $704.96.

Discussion

We have found improved sensitivity for percutaneous
transbiliary diagnosis of malignant biliary obstruction by
performing brush cytology and forceps biopsy in tandem as

Table 2 Sensitivity of brush
cytology alone, forceps biopsy
alone and both techniques used in
tandem according to the
underlying malignancy

Brush cytology Forceps biopsy Tandem procedure

Cholangiocarcinoma 36/95 37.9% 19/55 34.5% 28/48 58.3%

Pancreatic carcinoma 13/27 48.1% 13/22 59.1% 10/18 55.6%

Other cancers 9/21 42.9% 6/12 50.0% 5/11 45.5%

Tandem tandem procedure consisting of brush and forceps biopsy

Table 1 Sensitivity of brush cytology, forceps biopsy and both
techniques used in tandem according to biopsy site

Brush cytology Forceps biopsy Tandem procedure

Right hepatic
duct

9/27 33.3% 6/13 46.2% 6/12 50.0%

Left hepatic
duct

11/24 45.8% 9/16 56.3% 9/15 60.0%

Biliary
confluence

3/9 33.3% 5/9 55.6% 3/6 50.0%

CBD 29/57 50.9% 15/36 41.7% 21/32 65.6%

Ampulla 5/18 27.8% 2/11 18.1% 3/9 33.3%

HJ/Bowel 1/8 12.5% 1/4 11.1% 1/3 33.3%

CBD common bile duct,HJ hepaticojejunal anastomosis, tandem tandem
procedure consisting of brush and forceps biopsy
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compared to performing each procedure alone. Compared to
brush cytology and forceps biopsy alone, the tandem approach
enabled additional diagnosis of 21% and 30% of malignan-
cies, respectively.

In our study the sensitivity was highest for the tandem
approach and we have found only moderate agreement be-
tween brush cytology and forceps biopsy with a kappa value
of 0.43, which indicates that using both methods in tandem is
preferable. The sensitivity of brush cytology of 41% and for-
ceps biopsy of 43% found in this study is within the range of
values reported in the literature from 26% to 75% [4–7, 14] for
brush cytology and 30% to 92% for forceps biopsy [4–9]. The
increase in sensitivity between sampling with either procedure
and the tandem approach is most likely the result of sampling
error. Although forceps biopsy leads to a larger sample, the
site of malignancy could be missed because of lack of direct
visualization, as it is difficult to differentiate between cancer
and secondary inflammatory changes in fluoroscopy. Of note,
we found a higher sensitivity for the forceps biopsy alone
procedure compared with forceps as part of the tandem pro-
cedure; however, only a small number of stand-alone forceps
biopsies in patients with malignancy were available.

Our results regarding the superiority of the tandem ap-
proach are in contrast with two previous studies which report-
ed no additional value of the combination of brush cytology
and forceps biopsy [4, 6]. Nevertheless, comparison of prior
studies to our results is limited. Rossi et al. [4] used forceps
under choledochoscopic instead of fluoroscopic guidance and
only investigated 22 tandem procedures. Tapping et al. [6]
agitated the forceps device in cytological solution after the
biopsy instead of performing an independent brush cytology.

In contrast, Savader et al. [5] performed multiple biopsies
using either brush cytology, forceps under choledochoscopic
guidance and forceps under fluoroscopic guidance and found

17% of the initially negativemalignancies to be detected using
another biopsy technique during re-intervention. They do not
report which technique was used initially and at re-
intervention which limits comparison with our results. Of
note, the complementary nature of core biopsy and cytology
has also been reported in the sampling of pulmonary nodules
[15, 16].

A recent study reported a true positive rate for diagnosis by
forceps biopsy of 88% [17], considerably higher than in our
study. However it is hard to make true comparison between
the study by Li et al. and our study, as a number of important
descriptors are missing in their methods, such as size of for-
ceps biopsy and location of biliary obstruction.

We found a similar sensitivity for detection of cholangio-
carcinoma by fluoroscopic guided brush cytology (38%) and
forceps biopsy (35%) alone, whereas it was considerably
higher for the tandem approach (58%). Previous studies re-
ported a wide range of sensitivities of 0–87% for brush cytol-
ogy and 0–94% for fluoroscopic guided forceps biopsy [4–6].
Additionally, we found brush cytology as a part of the tandem
procedure to be helpful in the diagnosis of cholangiocarcino-
ma which is in contrast to the study by Savader et al. who
reported a sensitivity of 0% in 21 cases and discussed that
brush cytology may not be useful in the diagnosis of cholan-
giocarcinoma because of the fibrotic nature of the malignancy
[5]. Of note, the location with highest sensitivity by tandem
approach (66%) in this study was the common bile duct site
which is in accordance with previously reported results [6].

The forceps biopsy technique is known to have a limitation
in the form of Bcrush artefact^ [18] which describes destruc-
tion of tissue as a result of the force generated using the for-
ceps biopsy. In our study, Bcrush artefact^ led to non-
diagnostic biopsy material in 9% of the procedures, of which
91% had a malignancy at the composite outcome. Of these
cases, 30% could be diagnosed by brush cytology which is
performed without putting force on the tissue and may help to
overcome this limitation.

We found additional costs of $705 per detected malignancy
when using the tandem approach. Considering the average
reported medical cost per patient with pancreatic cancer
($49,000 to $135,000) [19], the additional cost of the tandem
approach seems negligible. Of note, our results indicate that
repeated biopsy is successful in 44% of the cases. It could be
more efficient to perform an initial biopsy and only in negative
cases add a second procedure; however, compared to costs of

Table 3 Results for brush and forceps biopsy used in tandem in 77
procedures in which composite outcome revealed malignancy

Positive forceps
biopsy

Negative forceps
biopsy

Positive brush
cytology

21 13 34

Negative brush
cytology

9 34 43

30 47 77

Table 4 Cost analysis of using
the tandem approach Brush cytology only Forceps biopsy only Tandem procedure

Cost per patient ($) 92.35 125.74 218.09

Method sensitivity 40.6% 42.7% 55.8%

Cost per detected malignancy ($) 227.50 294.47 390.84
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the biopsy kits, the costs for an additional procedure seem to
be much higher and performing the tandem approach in the
initial procedure seems reasonable. Although not evaluated in
this study, there may be a positive effect on patient outcome
due to earlier diagnosis of malignancy which warrants further
studies.

Our study has a number of limitations. While previous
studies have reported percutaneous brush cytology or for-
ceps biopsy to be performed for all patients with
suspected malignant biliary obstruction [6], in our hospi-
tal endoscopic retrograde cholangio-pancreatography
(ERCP) is the initial method of choice in these patients.
This may be a selection bias leading to lower values of
sensitivity. Additionally, although a large number of inter-
ventions were included in our study, the patient popula-
tion was heterogeneous with different types of malignan-
cy, tumour locations and tumour sizes which may limit
generalisability of our findings to other institutions.

Reimbursement rates for brush cytology and forceps
biopsy may vary between regions and practices which
limits generalisability of our cost analysis. We did not
include additional costs for medical personnel and the
additional procedure time in our cost analysis as the ad-
ditional time for brush cytology during the procedure is
relatively short. We did not analyse the additional costs of
added procedures in cases of non-diagnostic procedures
including additional hospital stays or costs from delayed
diagnosis of malignancies. Biliary drainage placement of-
ten leads to inflammatory changes which can be difficult
to distinguish from malignancy. We accounted for this by
not counting atypical results as positive cases. Lastly, in-
terventional procedures were performed by different inter-
ventional radiologists and pathological diagnosis was per-
formed by different pathologists. We did not analyse the
impact of the performing physicians and their level of
expertise regarding procedure accuracy; however, all pro-
cedures were performed by one interventional fellow un-
der supervision of an interventional staff radiologist.

In conclusion, fluoroscopically guided brush cytology and
forceps biopsy procedures performed in tandem provide im-
proved sensitivity compared to brush cytology and forceps
biopsy alone in the percutaneous diagnosis of malignant bili-
ary obstruction. The cost per additional diagnosed malignancy
may warrant tandem procedure in all patients with suspected
malignant biliary obstruction.
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