L))

Check for
updat

Original Article

Percutaneous transhepatic intraluminal forceps biopsy for patients
with biliary stricture after endoscopic retrograde approach failure:
a retrospective study

Yiming Liu'?, Xueliang Zhou', Lingjian Kong’, Xinwei Han'?, Dechao Jiao'*

'Department of Interventional Radiology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China; “Department of
Gastroenterology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Contributions: (I) Conception and design: Y Liu; (II) Administrative support: D Jiao, X Han; (III) Provision of study materials or patients: D Jiao, X
Han; (IV) Collection and assembly of data: Y Liu, X Zhou, L Kong; (V) Data analysis and interpretation: Y Liu, X Zhou, L. Kong; (VI) Manuscript
writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Dechao Jiao, PhD. Department of Interventional Radiology, The First Affiliated Hospital of Zhengzhou University, No. 1 Jianshe
East Road, Zhengzhou, China. Email: jiaodechao007@126.com.

Background: The ctiological diagnosis of biliary stricture remains a clinical challenge. Currently,
endoscopic retrograde cholangiopancreatography (ERCP)-guided biliary biopsy is the most commonly
used technique. This retrospective study aimed to evaluate the clinical value of percutaneous transhepatic
intraluminal forceps biopsy (TIFB) in patients with biliary stricture after ERCP failure.

Methods: The clinical data of 240 consecutive patients with biliary strictures who sought further etiologic
diagnosis at our center between April 2014 and January 2020 were collected. After the exclusion of
197 patients who underwent ERCP-guided biopsy, 43 patients who received TIFB after ERCP failure were
included in the study. The primary outcomes were technical success, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy. Secondary outcomes included procedure
duration, radiation exposure, liver function [total bilirubin (T'B), direct bilirubin (DB), y-glutamyl transferase
(GGT), alkaline phosphatase (ALP), alanine aminotransferase (AL'T), and aspartate aminotransferase (AST)]
preoperatively and at 2 weeks postoperatively, and complications.

Results: The technical success rate of TIFB was 100%. The diagnostic sensitivity, specificity, accuracy,
PPV, and NPV of TIFB were 82.35%, 100%, 86.05%, 100%, and 60%, respectively. The accuracy of TIFB
was significantly higher for cases with suspicious biliary tract invasion on imaging and intrabiliary malignant
origin than it did for cases with no suspicious biliary tract invasion on imaging or extrabiliary malignant
origin (P=0.007 and P=0.003, respectively). Only intrabiliary malignant origin (P=0.02) was an independent
contributing factor for a true positive result in TIFB diagnosis. The mean procedure duration was 19.3
minutes and the mean radiation exposure was 315.6 mGy. All liver function markers were significantly
reduced after 2 weeks (all P<0.001). Three (6.97%) complications occurred, including 1 (2.33%) case of
cholangitis and 2 (4.65%) cases of hemobilia.

Conclusions: Percutaneous TIFB is an effective method with high sensitivity and accuracy for the
etiological diagnosis of biliary stricture after ERCP failure.
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Introduction

Biliary stricture has high etiological variability and can result
from a variety of benign and malignant diseases. Imaging
of the stricture site using modalities such as magnetic
resonance imaging (MRI) with cholangiopancreatography
(MRCP) and contrast-enhanced can provide a rapid
clinical diagnosis (1). However, due to the variability of
imaging quality, reaching an exact diagnosis of benign
or malignant etiology based on imaging alone continues
to be challenging. Between 5% and 15% of patients
who undergo surgical resection for suspected malignant
biliary stricture are diagnosed with benign pathological
findings postoperatively (2,3). A recent guideline for biliary
cancer recommended that a pathologic diagnosis should
be obtained before any nonsurgical treatment modality
is performed (4). For patients with potentially resectable
tumors and for those receiving palliative care, a nonsurgical
pathologic diagnostic method to determine the pathologic
subtype can be valuable in guiding both the choice of
therapy and the prognosis of the tumor.

Several nonsurgical pathologic diagnostic techniques
are used for biliary strictures, and these vary widely in
sensitivity and accuracy. Because biliary tumors in the bile
ducts involve intramural growth with poor image occupancy
effect, they cannot be accurately punctured using ultrasound
(US)- or computed tomography (CT)-guided aspiration
biopsy techniques. Consequently, these techniques have
a diagnostic positivity rate of only approximately 40.0%
(5,6), and put patients at risk of vascular damage and serious
complications.

With the development and improvement of endoscopic
technology, biopsy guided by endoscopic retrograde
cholangiopancreatography (ERCP) has become the
mainstream tissue sampling technique for the etiological
diagnosis of biliary strictures. Under the guidance of ERCP,
an auxiliary guidewire is directed to the biliary stricture site
for drainage while brush or forceps biopsy is performed.
The specificity of ERCP-guided brush cytology or forceps
biopsy for biliary cancer diagnosis can reach 100%;
however, the sensitivity varies widely, from 30% to 60%
for brush cytology, 43% to 81% for forceps biopsy, and
59.4% for both methods in combination (7). To improve
the positivity rate of ERCP-guided biliary biopsy, Tanisaka
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et al. concluded that intraductal US played an important
adjunctive role in the detection of lesions in the biliary
biopsies process (8). Alternatively, Tieu ez a/. used the
SpyGlass endoscopy system, which can help to distinguish
benign and malignant biliary strictures by observing the
structure of the biliary wall to identify distorted tumor
vessels, abnormal mucosa, and irregular protruding
structures (9). Furthermore, Varadarajulu et 4/. used a rapid
onsite cytologic evaluation (ROSE) technique for tissue
sampling from the stricture site for onsite diagnosis (10).
However, if ERCP fails due to technical reasons, such as
postoperative surgical anatomical changes or failed biliary
cannulation, none of the above methods can be performed.

For patients for whom ERCP-guided biliary biopsy fails
or percutaneous transhepatic cholangial drainage (PTCD)
is planned, our center routinely uses interventional digital
subtraction angiography (DSA)-guided percutaneous
transhepatic intraluminal forceps biopsy (TIFB). First, a
bile duct guidewire is used to establish a skin-duodenal
pathway. Then, instead of an endoscope, a 9 F sheath is
introduced, and biopsy forceps are reintroduced through
the sheath for repeated sampling of the stricture segment,
followed by placement of a drainage tube or stent to relieve
the obstruction. This method is simple and inexpensive
(USD 209.4, versus USD 628.1 for conventional ERCP).
Moreover, it can satisfy the goals of both biopsy and
drainage.

The present study retrospectively analyzed our center’s
6 years of experience with TIFB following ERCP failure.
We present the following article in accordance with the
STROBE and STARD reporting checklists (available at
https://qims.amegroups.com/article/view/10.21037/qims-
22-915/rc).

Methods
Patients

In this retrospective study, clinical data of 240 consecutive
patients with biliary strictures who sought further etiological
diagnosis at our center between April 2014 and January
2020 were collected. The presence of biliary strictures
was confirmed by preoperative diagnostic imaging and
blood biochemical tests. After the exclusion of 197 patients
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Figure 1 Workflow of the study. ERCP, endoscopic retrograde cholangiopancreatography; TIFB, percutaneous transhepatic intraluminal

forceps biopsy; FINA, fine-needle aspiration.

who underwent ERCP-guided biliary biopsy, 43 patients
[25 males (58.1%), 18 females (41.9%); mean age:
63.2+11.2 years, range: 39-84 years] who received TIFB
after ERCP failure were eventually included in the study.

The causes of ERCP failure included altered surgical
anatomy (n=21), failed biliary cannulation (n=18), and
duodenal obstruction (n=4). The decision to use TIFB
for tissue sampling was determined by the oncologist,
pathologist, and interventional radiologist at our hospital.
The workflow is shown in Figure 1.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of The First Affiliated
Hospital of Zhengzhou University, and the requirement to
obtain individual consent for this retrospective analysis was
waived.

Equipment

The basic equipment used included a biliary puncture sleeve
(including a 21 G Chiba needle, a 0.018-inch platinum
microguidewire, a three-piece dilator, a 9-F dilation tube,
a 0.035-inch reinforced guidewire, an 8.5-F internal and
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external drainage tube, and an external fixation device;
Cook Medical, Bloomington, IN, USA), a 0.035-inch
ultrasmooth guidewire (Terumo, Tokyo, Japan), an Amplatz
ultra-stiff guidewire, a 5-F Cobra contrast catheter, and
6.0-mm biopsy forceps (Micro-Tech, Nanjing, China). All
procedures were carried out under the guidance of DSA.

TIFB procedure

The extent of the tumor and the anatomy of the bile duct
were evaluated by enhanced abdominal CT and/or MRCP.
Satisfactory anesthesia was performed by local injection
with 2% lidocaine and intravenous 10 mg dezocine injection
10 minutes before the procedure. With the patient lying on
the DSA (Siemens, Axiom Artis Zee, Germany) examination
table, a 21-G Chiba needle (PTC, Cook Medical) was
used to successfully puncture the dilated bile duct under
the guidance of US combined with fluoroscopy. Biliary
angiography was performed for anatomical observation
of the biliary tree. A 0.014-inch platinum guidewire was
introduced through the Chiba needle to pass the stricture
segment, after which the Chiba needle was withdrawn. A 6-F
dilator sheath was introduced along the platinum guidewire
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Figure 2 A 56-year-old male at 1 year after cholangiocarcinoma resection. The patient was admitted with recurrent obstructive jaundice.

(A,B) Preoperative computed tomography (A) and ultrasound (B) suggested a bile-intestinal anastomotic mass (arrow). The patient’s bile

duct could not be entered retrograde via the bile-intestinal anastomosis under endoscopic retrograde cholangiopancreatography. Instead, it

was punctured via the percutaneous transhepatic cholangial drainage route, which established a channel and opened the occluded area in a
prograde fashion. (C) Next, a 9 F sheath was introduced, and the head end of the sheath was aligned with the obstructed area (arrow). (D)

Biopsy forceps were introduced via the sheath, a clamp biopsy of the anastomotic area was performed (circle), and the recurrence of localized

cholangiocarcinoma was pathologically confirmed (arrow; hematoxylin and eosin, x40).

to the biliary system. A 0.035-inch guidewire and a 5-F
Cobra catheter (Terumo, Tokyo, Japan) were introduced
into the biliary duct, and both were passed through the
biliary stricture portion to the duodenum. After the
reinforcing guidewire (Amplatz, Boston Scientific, Natick,
MA, USA) was exchanged, a biopsy channel was established
by advancing a 9-F sheath (length 23 cm; Cordis, Miami
Lakes, FL, USA) along the stiff guidewire close to the site
of the biliary stricture or occlusion. The 6.0-mm biopsy
forceps (length 100 cm, Micro-Tech) were then pushed into
the 9 F sheath, opened, and pushed forward 5-10 mm into
the biliary stricture. The biopsy forceps were tightened
to grasp the diseased tissue and then withdrawn, after
which the diseased tissue was removed with a needle tip
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and placed in a prefilled bottle of absolute alcohol or 10%
formaldehyde for fixation. This process was repeated three
to five times to capture as much diseased tissue as possible
(Figures 2-4). Finally, the biopsy forceps were withdrawn
and biliary stents or drainage catheters were placed to
resolve biliary hypertension.

Outcome evaluation and definition

The primary outcomes of this study were the technical
success and performance of TIFB. Technical success was
defined as successful TIFB completion and the collection
of sufficient samples to allow the pathologists to make
a diagnosis. Retrospective independent analyses of the
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Figure 3 A 62-year-old male admitted with obstructive jaundice (A-F). Preoperative coronal (A) and transverse (B) magnetic resonance
showed localized thickening of the focal bile duct wall above the obstruction and marked dilatation of the bile duct (arrows). (C) The head
end of the sheath (arrows) was aligned with the obstructed area. (D) A clamping biopsy of the hepatoportal area (circle) was performed. The
arrow indicates that the biopsy sampled tissue was confirmed to be undifferentiated adenocarcinoma (arrow; hematoxylin and eosin, x40) by
pathological diagnosis. (E) An 8.5-F external drainage tube was implanted at the end of the operation. (F) After surgical resection of the tumor,
the pathological examination was repeated, and undifferentiated adenocarcinoma was confirmed, which was consistent with the preoperative
results. (G-I) A 55-year-old female admitted to the hospital with portal hepatic obstruction with jaundice. (G) Preoperative coronal computed
tomography suggested portal hepatic obstruction (arrow). (H) Digital subtraction angiography showed severe stenosis in the portal hepatic area,
with the disease invading the right anterior and right posterior lobe openings (arrow). (I) The bile duct-duodenal route was established through
skin puncture. A 9-F sheath was fed along a stiffened guidewire, the head of the sheath was aligned with the obstructed area (circle), and a portal

hepatic clamp biopsy was performed. Choledochal adenocarcinoma was pathologically confirmed (arrow; hematoxylin and eosin, x40).

tissue samples were performed by two pathologists, with 8 predictive value (NPV). A biopsy was considered a true
and 9 years of experience, respectively. The performance positive when the pathologists agreed on the presence of
of TIFB was evaluated based on sensitivity, specificity, malignant neoplasms in the TIFB samples. In the other
accuracy, positive predictive value (PPV), and negative cases In the other cases with TIFB with a result other than
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Figure 4 A 71-year-old male who underwent palliative bile duct stenting for bile duct cancer 1 year prior and was admitted to the hospital

with recurrent obstructive jaundice. (A) Preoperative enhanced computed tomography showed that the bile duct was filled with a soft tissue

shadow. Under endoscopic retrograde cholangiopancreatography, the catheter guidewire was unable to pass through the obstructed area of

the bile duct stent. (B) The patient underwent percutaneous transhepatic cholangial drainage under DSA. Intraoperative imaging showed

that the bile duct stent was filled with soft tissue, and the contrast agent could not pass through at all. (C) Operational access was established
under DSA via the skin-bile duct-duodenum. A 9 F sheath was fed along the stiffened guidewire, and the head end of the sheath was aligned

with the obstructed area. A clamping biopsy of the hepatoportal area (circle) was performed, and choledochal adenocarcinoma was confirmed

by pathology (arrow, hematoxylin and eosin, x40). DSA, digital subtraction angiography.

true positive, surgical biopsy, fine-needle aspiration (FINA)
biopsy, or long-term imaging (US, CT, and MRI), and/or
clinical follow-up were used. The last follow-up visit was
in December 2021. The final diagnostic outcomes were
defined as: malignant stricture as confirmed by TIFB biopsy
pathology, surgical biopsy pathology, FINA biopsy pathology,
and or imaging suggestive of malignancy (increased local
abnormalities, abnormal signals in the surrounding lymph
nodes, or progression of biliary obstruction) with a clinical
course (death or cachexia) of malignant disease during
follow-up; and benign stricture as confirmed by surgical
pathology, or negative on all cytological tests with no signs
of malignancy for at least 12 months of follow-up.

The secondary outcomes included procedure duration,
radiation exposure, liver function, and complications. The
procedure duration was defined as the time from the start of
the operation until a suitable biopsy sample was obtained,
and radiation exposure as the radiation dose to which the
patient was exposed during this process. Liver function
was assessed by determining total bilirubin (TB), direct
bilirubin (DB), y-glutamyl transferase (GGT), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and
aspartate aminotransferase (AST) preoperatively (T0)
and at 2 weeks postoperatively (T'1). In accordance with
the Society of Interventional Radiology (SIR) Standards
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of Practice Committee classification on percutaneous
hepatobiliary interventions (11), minor complications were
defined as no therapy and no consequence (grade A) or
overnight observation only, no therapy, and no consequence
(grade B). Major complications were defined as requiring
therapy and hospitalization (<48 hours, grade C; >48 hours,
grade D), permanent adverse sequelae (grade E), or death
(grade F).

Statistical analysis

Continuous variables are presented as the mean = standard
deviation or median with range (min-max). Categorical
variables are presented as counts and percentages.
Sensitivity, specificity, PPV, NPV, and accuracy (the sum
of true positives and true negatives) were calculated and
are expressed as percentages. No missing data occurred for
any of the indicators for the 43 patients in this study. The
continuity-adjusted chi-square test or Fisher’s precision
probability test was used to compare differences in TIFB
diagnostic accuracy for the two dichotomous variables.
Univariate and multivariate logistic regression analyses
were used to explore the influences related to true positive
results in TIFB diagnosis. For the comparison of liver
function at T0 and T1, after the Kolmogorov-Smirnov
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test for normality, paired #-tests were used for the analysis
of normally distributed indicators data such as TB, DB,
GGT, and ALT, while non-normally distributed indicators
data such as ALP and AST were analyzed by Wilcoxon
test. P value <0.05 was considered to indicate a significant
difference. All calculations were performed using Microsoft
Excel and SPSS 24.0 software package (IBM Corp.,
Armonk, NY, USA).

Results
Technical success and the diagnostic performance of TIFB

The basic clinical characteristics and therapy parameters of
the 43 patients are detailed in 7able 1. All the patients had
sufficient biopsy samples for the pathologist to make a final
diagnosis, with a 100% technical success rate. Neoplastic
tissue with tumor cells was found histologically in the tissue
samples of 28 (65.12%) of the 43 patients. Among these
28 patients, 19 cases (44.19%) were cholangiocarcinoma,
4 (9.30%) cases were gallbladder cancer, 2 (4.65%) cases
were pancreatic cancer, and 3 (6.98%) cases showed
metastatic adenocarcinoma. No evidence of the presence of
tumor cells was found in the tissue samples of the remaining
15 patients (34.88%), which showed nonspecific infection,
inflammation, or fibrous tissue fragments.

In seeking a final diagnosis, these 15 patients opted for
surgical sampling (n=3), FNA (n=2), or long-term imaging
and/or clinical follow-up (n=10). Among them, 9 cases
were ultimately demonstrated to be true negatives with no
pathological or histological evidence of malignant tumors.
The final diagnoses for the benign samples included: biliary
inflammation (n=4), with progressive symptomatic relief
during follow-up in addition to symptomatic management
and relief of the obstruction observed on MRCP; secondary
sclerosing cholangitis (n=2), proven by surgical biopsy;
and secondary scar tissue at the biliary gastrointestinal
anastomosis (n=3). No increase in lesion size or other
signs of malignancy were observed at long-term follow-
up. Among the 6 cases with false negatives, 1 case was
confirmed as cholangiocarcinoma by surgical sampling,
1 case was confirmed as metastatic adenocarcinoma by FINA
biopsy, 1 case was confirmed as pancreatic cancer by FNA
biopsy, and the remaining 3 cases were suspected to have
pancreatic cancer changes on imaging follow-up.

Overall, 28 (65.12%) TIFB samples were true positives,
9 (20.93%) biopsy samples were true negatives, and 6
(13.95%) biopsy samples were false negatives; no false
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positives occurred in this study. The overall diagnostic
accuracy, sensitivity, and specificity of TIFB were 86.05%,
82.35%, and 100%, respectively. The PPV and NPV of
TIFB were 100% and 60%, respectively.

Analysis of factors related to the diagnostic performance of
TIFB

Stratified analysis of the diagnostic accuracy of TIFB is
presented in Tzble 2 and Tables S1-S4. Although TIFB
had a higher accuracy for cases with proximal and a
length >3 cm biliary strictures than those with distal and a
length <3 cm biliary strictures, these differences were not
significant (P=0.42 and P=0.45, respectively). Furthermore,
TIFB showed higher accuracy for cases with suspicious
biliary tract invasion (SBTI) on preoperative imaging or
intrabiliary malignant origin than it did for cases with no
SBTT or extrabiliary malignant origin, and these differences
were significant (P=0.007 and P=0.003, respectively).

In addition, excluding the 9 patients with a true negative
diagnosis, the predictors associated with a true positive
result were further explored among the 34 patients with
a positive TIFB diagnosis. As shown in Table 3, univariate
analysis revealed that only imaging presentation and origin
of malignant lesions were significant among seven variables.
The results showed that SBTT on imaging and intrabiliary
malignant origin were contributing factors for a true positive
result (P=0.02 and P=0.009) and increased the likelihood of
a true positive result in TIFB diagnosis [odds ratio (OR):
12.000 (1.623-88.702) and OR: 23.000 (2.183-242.327)].
The subsequent inclusion of these two variables in
multivariate analysis (Table 4) revealed that only intrabiliary
malignant origin (P=0.02) was an independent contributing
factor for a true positive result with TIFB diagnosis.

Liver function and complications

The pre- and post-treatment liver function analysis (Figure 5
and Tuble 5) showed that DB, TB, ALP, GGT, ALT, and
AST at T1 decreased than those at T0, respectively, with
all these differences being significant (all P<0.001). In total,
1 (2.33%) major complication (grade D) and 2 (4.65%)
minor complications (both grade A) occurred in this study.
The patient with the major complication experienced
postoperative transient cholangitis, which was subsequently
treated with antibiotics and continuous drainage; the
patient’s inflammation resolved after 2 days. The 2 patients
with minor complications experienced hemobilia; in both
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Characteristics

Values

Age (years), mean = SD [range]
Sex, n (%)

Male

Female
Cause of ERCP failure, n (%)

Altered surgical anatomy

Failed biliary cannulation

Duodenal obstruction
Location of stricture, n (%)

Intrahepatic bile duct

Hilar bile duct

Common bile duct

Distal bile duct
Etiology, n (%)

Cholangiocarcinoma

Pancreatic cancer

Gallbladder cancer

Metastatic adenocarcinoma

Benign stricture
Length of stricture (cm), median (range)
Technical success, %
Number of samples taken during 1 TIFB, mean + SD [range]
Procedure duration (min), mean + SD [range]
Radiation exposure (mGy), mean + SD [range]
Final diagnosis

Surgical specimen

Follow-up

Other biopsies (FNA)
Major complications (cholangitis), n (%)
Minor complications (haemobilia), n (%)
Sensitivity, %
Specificity, %
PPV, %
NPV, %
Follow-up time (months), median (range)

Overall survival (months), median (95% Cl)

63.2+11.2 [39-84]

25 (58.1)
18 (41.9)

21 (48.8)
18 (41.9)
4 (9.30)

7 (16.3)
24 (55.8)
5 (11.6)
7 (16.3)

20 (46.5)
6 (14.0)
4(9.3)
4(9.3)

9 (20.9)
3.0 (1.0-4.8)

100
4.14+0.89 [3-5]
19.3+7.4 [11-36]

315.6+35.9 [86.2-526.2]

10

1(2.33)
2 (4.65)
82.35
100
100
60
21.6 (7.5-60.3)
41.0 (33.9-48.1)

SD, standard deviation; ERCP, endoscopic retrograde cholangiopancreatography; TIFB, transhepatic intraluminal forceps biopsy; FNA,
fine-needle aspiration; PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval.
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Table 2 The diagnostic accuracy of TIFB stratification analysis with different variables
Variables S (%) E (%) PPV (%) NPV (%) A (%) P value®
Site of stricture 0.418
Proximal biliary stricture (n=31)b 88.00 100 100 66.66 90.32
Distal biliary stricture (n=12)° 66.67 100 100 50.00 75.00
Imaging performance 0.007*
SBTI on imaging (n=35) 93.10 100 100 81.82 94.29
No-SBTI on imaging (n=8) 50.00 100 100 0 50.00
Length of stricture 0.452
>3.0 cm (n=24) 88.89 100 100 75.00 91.67
<8.0 cm (n=19) 75.00 100 100 42.86 78.95
Origin of the lesion 0.003*
Intrabiliary malignant (n=24) - - - - 95.83
Extrabiliary malignant (n=10) - - - - 50.00
Benign (n=9) - - _ _ 100

? indicates the difference in the diagnostic accuracy of TIFB in the two dichotomous variables (detailed in the Tables S1-S4); °, proximal
biliary stricture includes strictures located in the intrahepatic bile duct and hilar bile duct; ©, distal biliary stricture includes strictures
located in the common bile duct and distal bile duct; *, the differences were significant by the continuity-adjusted chi-square test or
Fisher’s precision probability test. A, accuracy; E, specificity; NPV, negative predictive value; PPV, positive predictive value; S, sensitivity;

SBTI, suspicious biliary tract invasion; TIFB, transhepatic intraluminal forceps biopsy.

Table 3 Univariate analysis of variables related with true positive results among the 34 patients with a positive diagnosis from transhepatic

intraluminal forceps biopsy

Variables True positive (n) OR (95% ClI) P value
Sex (female/male) 9/19 4.222 (0.648-27.492) 0.132
Age (<60/=60 years old) 12/16 0.267 (0.027-2.591) 0.255
Procedure duration (=30/<30 min) 5/23 4.600 (0.709-29.841) 0.110
Site of stricture (distal/proximal biliary stricture) 22/6 3.667 (0.584-23.026) 0.166
Imaging performance (no-SBTI/SBTI on imaging) 6/22 12.000 (1.623-88.702) 0.015*
Length of stricture (<3.0/=3.0 cm) 12/16 0.577 (0.090-3.679) 0.561
Origin of malignant lesion (extrabiliary/intrabiliary) 23/5 23.000 (2.183-242.327) 0.009*

*, the differences were significant by univariate logistic regression analysis. SBTI, suspicious biliary tract invasion; OR, odds ratio; Cl,

confidence interval.

cases, the condition resolved without treatment within

24 hours.

Follow-up

The median follow-up time was 21.6 months
(7.5-60.3 months), and the median overall survival was
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41.0 months [95% confidence interval (CI): 33.9-48.1].
After successful TIFB, 25 cases underwent biliary stent

implantation, 10 cases underwent external drainage, and

8 cases underwent internal and external drainage. Among

the 18 cases who received percutaneous drainage, 4 cases

were confirmed to have cholangitis on follow-up biopsy and

had their drains removed after 4 weeks, 6 cases underwent
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Table 4 Multivariate analysis of variables related to a true positive result among the 34 patients with a positive diagnosis from transhepatic

intraluminal forceps biopsy

Variables OR (95% ClI) P value
Imaging performance

No-SBTI on imaging 1 (ref.)

SBTI on imaging 12.569 (0.973-162.315) 0.052
Origin of malignant lesion

Extrabiliary 1 (ref.)

Intrabiliary 23.875 (1.626-350.574) 0.021*

*, the difference was significant by multivariate logistic regression analysis. SBTI, suspicious biliary tract invasion; OR, odds ratio; Cl,

confidence interval.
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Figure 5 All liver function indicators preoperatively (T0) and at 2 weeks postoperatively (T'1). (A) TB; (B) DB; (C) ALP; (D) GGT; (E) ALT;
and (F) AST. All liver function indicators were significantly decreased at T'1 compared to those at T0 (all P<0.001). TB, total bilirubin; DB,

direct bilirubin; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; AL'T, alanine aminotransferase; AST, aspartate aminotransferase.

surgery, and 8 cases could not undergo radical surgery due to
advanced tumor. Of the 8 cases for whom radical surgery was
not possible, 5 cases chose to have a biliary stent placed and
3 cases chose to have long-term external drainage.

Discussion

Today’s noninvasive imaging techniques, such as US, CT,
and MRCP, allow for rapid and sensitive diagnosis of
obstructive jaundice (12). However, the etiological diagnosis

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

of biliary strictures remains a clinical challenge, especially
in patients with malignant biliary strictures, who are
often in the progressive phase at the time of diagnosis and
have a poor prognosis (13). Therefore, the nature of the
lesion needs to be clarified as much as possible to inform
the development of a treatment plan, including surgery,
chemotherapy, radiotherapy, and radiofrequency ablation,
all of which depend on the pathological diagnosis (14).

For pathological diagnosis, tissue sampling for the
cytological and histological characterization of tumor
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Table 5 The liver function indicators preoperatively and at 2 weeks postoperatively

Indicators TO T P value
TB (umol/L) 198.81+69.03 55.94+17.19 <0.001
DB (umol/L) 150.83+65.59 33.77+10.74 <0.001
ALP (U/L) 156.53+21.45 149.65+29.22 <0.001
GGT (U/L) 208.81+29.42 46.53+21.45 <0.001
ALT (U/L) 112.51+£55.39 46.21+9.04 <0.001
AST (U/L) 117.63+58.74 47.39+11.87 <0.001

Data are expressed as mean + SD. TO, preoperatively; T1, at 2 weeks postoperatively; TB, Total bilirubin; DB, direct bilirubin; ALP, alkaline
phosphatase; GGT, y-glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SD, standard deviation.

Table 6 Recent 5-year studies of transhepatic intraluminal forceps biopsy using the percutaneous transhepatic cholangial drainage method

Author/year D/N TS (%) Complications S (%) E (%) PPV (%) NPV (%)
Oggero (17)/2021 R/93 100 Cholangitis, 4 (4%); haemobilia, 1 (1%) 61 100 100 62
Augustin (18)/2020 R/13 100 Hematoma, 1 (8%); cholangitis, 1 (8%) 89 100 100 80
Fohlen (19)/2019 R/50 100 Biliary injury, 1 (2%); haemobilia, 2 (4%); 70 100 100 22
pneumoperitoneum, 1 (2%)
Inchingolo (20)/2019 P/29 90 None 92 100 100 71
Warnken (21)/2019 R/51 100 Hemobilia, 5 (10%) 66 100 100 58
Mohkam (22)/2017 R/75 100 - 75 100 100 55
Park (23)/2017 R/271 100 Hemobilia, 9 (3%); biloma, 2 (1%) 77 100 100 26

D, design; N, number of patients; R, retrospective study; P, prospective study; TS, technical success; S, sensitivity; E, specificity; PPV,

positive predictive value; NPV, negative predictive value.

cells and the identification of specific subtypes based on
immunohistochemistry is important for accurate diagnostic
management of tumors (15). The difficulty in obtaining
a biopsy via the ERCP route lies in the insertion of the
biopsy forceps through the duodenal papilla into the
bile duct obstruction zone. Moreover, if the patient’s
anatomy is altered after gastrointestinal surgery or
cholangiojejunostomy, or they have concurrent combined
duodenal obstructive lesions, the duodenal papilla can be
difficult to find, which can result in the failure of endoscopic
biopsy. In addition, ERCP-guided biopsies of the proximal
biliary system often lack satisfactory accuracy and have
limitations for more proximal hilar lesions.

When ERCP-based techniques fail, TIFB is a reasonable
alternative for making an etiological diagnosis of a
biliary stricture. Through the establishment of a tract via
percutaneous hepatobiliary puncture under DSA guidance,
the biliary stricture site can form a clear sign of filling defect
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after contrast injection, allowing for accurate localization of
subsequent biopsies (16). The technical success, diagnostic
sensitivity, specificity, and accuracy of TIFB in this study
were 100%, 82.35%, 100%, and 86.05%, respectively,
which is consistent with the results of previous studies
using the PT'CD approach (technical success: 90-100%;
sensitivity: 61-92%; specificity: 100%) (Table 6) (17-23).
Similarly, a recent systematic review and meta-analysis
from Jeon et al. (24) based on data from 1,762 patients
demonstrated a sensitivity of 81% and a specificity of 100%
with a diagnostic odds ratio of 85.34 for the detection of
malignant biliary strictures by TIFB. Therefore, TIFB
holds promise for the future as a preferred means of seeking
etiological diagnosis of biliary strictures after ERCP failure.

In this study, analysis showed that the diagnostic
accuracy of TIFB was higher for cases with SBTT on
imaging and intrabiliary malignant origin than it did
for cases with no SBTT or extrabiliary malignant origin

Quant Imaging Med Surg 2023;13(4):2605-2619 | https://dx.doi.org/10.21037/qims-22-915



2616

(P=0.007 and P=0.003), which is a similar result to those of
previous studies (17,19,23,24). Further analysis of the true
positive performance of TIFB in the 34 positive diagnoses
with TIFB showed that although SBTI on imaging and
intrabiliary malignant origin improved the rate of true
positive diagnosis in the univariate regression model,
only intrabiliary malignant origin was an independent
contributor to a true positive diagnosis with TIFB in the
multivariate analysis. However, although the 95% CI
of intrabiliary malignant origin (1.626-350.574) in the
multivariate analysis did not contain 1 (indicating statistical
significance), its range was wide, implying that the model
was not stable or precise enough. We believe that this was
due to the small sample size (n=43) in this study and that
enlarging the sample size would improve the accuracy of
positive results. In the future, we will conduct a study with a
large sample to accurately verify the influence of intrabiliary
malignant origin on the diagnostic performance of TIFB.
In addition, 83.33% (5/6) of false negatives in the present
study were in cases with stricture of extrabiliary malignant
origin. In fact, the mechanism of biliary stricture may
offer an explanation for the results of the factor analysis
of true positive diagnoses by TIFB. Lesions of extrabiliary
malignant origin (e.g., pancreatic cancer, malignant lymph
node metastases) compress and infiltrate the biliary system
externally (25), whereas malignant lesions of intrabiliary
origin (e.g., cholangiocarcinoma) grow infiltratively
from within the biliary lumen to outside the bile duct or
along the biliary wall, and corresponding preoperative
imaging changes are exhibited. Sato et a/. (26) concluded
that another reason for the low true positive appearance
for extrabiliary diagnoses by TIFB may be the limited
clamping depth of the biopsy forceps. Meanwhile, Park
et al. (23) suggested that it may also related to the depth and
extent of external tumor infiltration. Therefore, the use of
biopsy forceps to obtain more tissue samples in the stenotic
segment may be a potential measure to compensate for the
poor sensitivity of TIFB in detecting extrabiliary tumors in
clinical practice.

In addition, this study found that TIFB showed a
slightly better diagnostic performance for proximal biliary
strictures than for distal biliary stenosis, and for strictures
with a length >3.0 cm than for those with a length <3.0 cm.
However, further analysis revealed that neither the site nor
the length of stricture was a predictor of a true positive
TIFB result. This finding was slightly different from the
results of previous studies (19,22,23). The reasons for this
difference may be related to the biopsy approach and the
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choice of biopsy forceps adopted at our center and are as
follows. First, the 9 F sheath was externally bent by 60%
to fit the hilar bend before TIFB was performed. Second,
for longer stenoses, our center adopts segmental sampling,
which involves separate sampling of the middle-distal
and the proximal parts. Third, our center chose a thicker
sheath that could accommodate 6-mm biopsy forceps to
obtain a sufficient sample volume. Moreover, the number of
sampling sessions for TIFB (3-5 times) can be appropriately
increased to ensure that an adequate sample volume is
obtained, and in this study, the average was 4.14+0.89 times.

For the method of sampling, several studies have
demonstrated that forceps biopsy has higher sensitivity than
does brush cytology or FNA biopsy (23,27). This may be
due to relatively superficial tissue being sampled, fewer cells
being obtained, and cytokinesis being present in the obtained
cells with brush cytology. Endoscopic ultrasonography
(EUS)-FNA is still considered to be the gold standard for
tissue sampling of biliary stricture (28), with a sensitivity
of 81% for diagnosing the cause of distal stricture (27). A
comparison of the diagnostic performances of TIFB and
EUS-FNA in proximal biliary stricture showed that they
have similar sensitivity (75% vs. 67%) and accuracy (81%
vs. 74%) (29). Moreover, TIFB can be easily and quickly
implemented based on bile duct decompression access in
patients undergoing PTCD after ERCP failure. In addition,
EUS-FNA carries the risk of needle tract dissemination,
which is detrimental to periportal sampling (24).

It is important to open the stenosed or occluded segment
and allow for complete drainage or stenting to lower
bilirubin faster and restore the patient’s liver function. In
the present study, all liver function indicators decreased
significantly at 2 weeks postoperatively (all P<0.001),
which was made possible by the placement of a drainage
tube or biliary stent after TIFB. Therefore, TIFB should
be considered in cases of failed endoscopic access or those
which are suggestive of PTCD. In the reviewed literature,
complications associated with TIFB included biopsy site
bleeding and biliary fistula (17-23,30). Because the biopsy
forceps cannot pass through the guidewire or the hard
structure of the forceps, or due to the direction of the bile
duct (the biopsy forceps need to pass an angle greater than
90°), the head end of the biopsy forceps tends to push
against and slide along the opposite bile duct wall when it
is inserted into the bile duct directly. As a result, bile duct
injury or even perforation is extremely likely to occur. To
avoid bile duct injury, the practice at our center is to pass
the soft guidewire through the occluded section first, and
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then use the biopsy forceps to hold the guidewire and
push it into the bile duct obstruction area to complete the
biopsy. In the present study, the complications rate with this
surgical technique was 6.98% according to the specialized
classification of interventional radiology, which is acceptable
when compared to the rates reported in other clinical
studies (17-23,30).

The limitations of the present study were as follows.
First, the study design was retrospective in nature. Second,
a larger number of patients and a multicenter study design
would have demonstrated a more reliable diagnostic
performance and complications rates, and would have
provided a reliable statistical analysis for identifying the
factors associated with the diagnostic performance of TIFB.
Third, we mainly analyzed patients who underwent TIFB
after ERCP failure and did not draw a direct comparison
regarding the endoscopic pattern. Finally, only patients
with benign histological findings were followed up for final
diagnosis. We believe that a clinical follow-up period of
more than 12 months would be sufficient to exclude other
potential diagnoses.

Conclusions

In conclusion, TIFB is a viable method for the etiological
diagnosis of biliary stricture with high sensitivity and
accuracy and a moderate complications rate. This technique
should be considered in cases where ERCP fails or PTCD

is indicated.
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Supplementary

Table S1 The TIFB diagnostic accuracy in biliary tract invasion on preoperative imaging

Consistent with the final diagnosis*®

Biliary tract invasion on preoperative imaging Total
Consistent Inconsistent

Suspicious 33 2 35

No suspicious 4 4 8

Total 37 6 43

Continuity-adjusted chi-square test: P=0.007. *Consistent with the final diagnosis was referred to whether the biopsy diagnosis of TIFB is
consistent with the final diagnosis.

Table S2 The TIFB diagnostic accuracy in bile duct obstruction site

Consistent with the final diagnosis*

Bile duct obstruction site Total
Consistent Inconsistency

Proximal bile duct tree 28 3 31

Distal bile duct tree 9 3 12

Total 37 6 43

Continuity-adjusted chi-square test: P=0.418. *Consistent with the final diagnosis was referred to whether the biopsy diagnosis of TIFB is
consistent with the final diagnosis.

Table S3 The TIFB diagnostic accuracy in length of obstructed segment

Consistent with the final diagnosis*®

Length of obstructed segment Total
Consistent Inconsistency

>3.00 cm 22 2 24

<3.00 cm 15 4 19

Total 37 6 43

Continuity-adjusted chi-square test: P=0.452. *Consistent with the final diagnosis was referred to whether the biopsy diagnosis of TIFB is
consistent with the final diagnosis.

Table S4 The TIFB diagnostic accuracy in origin of the lesion

Consistent with the final diagnosis*

Origin of the lesion Total
Consistency Inconsistency

Intra-biliary origin 23 1 24

Extra-biliary origin 5 5 10

Benign origin 9 0 9

Total 37 6 43

Fisher’s precision probability test: P=0.003. *Consistent with the final diagnosis was referred to whether the biopsy diagnosis of TIFB is
consistent with the final diagnosis.
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