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Background: Biliary stent dysfunction is challenging to treat in clinic. The retrograde track method (RTM)
has a promising clinical application in the reopening of dysfunctional biliary stents. This study aimed to
evaluate the clinical value of the RTM in reopening dysfunctional biliary stents.

Methods: From February 2013 to January 2020, 151 patients underwent percutaneous transhepatic
biliary interventional procedures for reopening dysfunctional biliary stents at the First Affiliated Hospital
of Zhengzhou University, and 25 patients (12 females, 13 males; mean age 63.12 years old) underwent
the RTM after anterograde reopening dysfunction biliary stent failure. Technical success, clinical success,
irradiation dose, procedure time, complications, and overall survival (OS) were recorded, and levels of total
bilirubin (TBIL), direct bilirubin (DB), alanine aminotransferase (ALT), albumin (ALB), and carbohydrate
antigen-199 (CA-199) were compared before treatment and 1 month after treatment.

Results: The technical and clinical success rates were 100% and 96%, respectively, and the irradiation
dose and procedure times were 774.07+330.80 mGy and 45.16+9.48 min, respectively. Two patients (8%)
experienced major complications. The median OS was 10.73 months [95% confidence interval (CI): 9.37-
12.09]. Compared with pretreatment values, the mean levels at 1 month after RT'M administration for TBIL
(189.47+59.20 vs. 44.65+16.12 pmol/L), DB (144.21£55.83 vs. 27.95£13.86 pmol/L), ALT (89.62+30.85 vs.
49.44+14.25 U/L), and CA-199 (584.59+269.82 vs. 176.76£100.68 U/mL) showed significant decreases,
while that of ALB (36.32+2.05 vs. 40.22+1.95 g/L) showed a significant increase (all P values <0.05).
Conclusions: RTM is an effective alternative treatment method when anterograde reopening of a

dysfunctional biliary stent occurs.
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Introduction

Malignant biliary obstruction (MBO) is often caused by
various types of tumors, such as cholangiocarcinoma,
pancreatic head carcinoma, gallbladder carcinoma,
ampullary carcinoma, and metastatic lymph nodes (1).
Noncovered metal biliary stent placement (BSP) is a widely
recognized and favored drainage method for the treatment
of unresectable malignant biliary stenosis (2,3). However,
BSP can only mechanically relieve high bile duct pressure
and has no therapeutic effect on the primary tumors;
moreover, over time, factors such as tumor in-growth, bile
duct sludge formation (food residue or unknown origin),
and biofilm formation often result in a median stent patency
time of only approximately 3—6 months (4,5). Therefore,
the long-term efficacy of treatments for malignant biliary
stenosis urgently needs to be improved. When biliary
duct obstruction reoccurs, patients may experience clinical
symptoms such as obstructive jaundice, fever, and pain.
It remains unclear if dysfunctional biliary stent can be
resolved by reopening of the dysfunctional occluded duct and
completing advanced antitumor treatment, such as biliary
radiofrequency ablation (6), photodynamic therapy (7),
iodione-125 (**’I) seed strand brachytherapy (8), or
reimplantation of a second stent (9). The first step is to pass
the catheter guide wire through the dysfunctional biliary
stent in anterograde fashion and reopen the lumen, but the
bile duct above the obstruction may be severely dilated,
thus making it too difficult for the catheter and guide wire
to be manipulated into the dysfunctional stent through
the port of the stent under two-dimensional fluoroscopy.
A new retrograde track method (RTM) has been used at
our center, the First Affiliated Hospital of Zhengzhou
University, to reopen dysfunctional biliary stents with 100%
technical success, and a retrospective study was conducted
to examine the efficacy of this new method. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1030/rc).

Methods
Patients

From February 2013 to January 2020, 151 patients
underwent percutaneous transhepatic biliary interventional
procedures to reopen dysfunctional biliary stents at the First
Affiliated Hospital of Zhengzhou University, and 25 patients

(12 females, 13 males; mean age 63.12 years) underwent
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the RT'M after anterograde reopening dysfunctional biliary
stent failure. The inclusion criteria were as follows: (I) age
between 18 and 85 years, (II) preoperative imaging showing
obvious biliary stent obstruction and bile duct dilation, (IIT)
safe percutaneous puncture access, and (IV) difficulty or
failure of the anterograde catheter guide wire in entering
the dysfunctional biliary stent. The exclusion criteria were
(D a platelet count <25x10°/L or prothrombin time >25 s
and (II) severe cardiopulmonary dysfunction. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013) and was approved by the Ethics Committee
of the First Affiliated Hospital of Zhengzhou University
(No. 2013-ky-019). Individual consent for this retrospective
analysis was waived. The workflow is shown in Figure 1.

Procedure

The patient laid supine on a digital subtraction angiography
(DSA) table (Axiom Artis Zee, Siemens Healthineers, IN,
USA). Satisfactory anesthesia was performed 10 minutes
before the procedure via local injection with 2% lidocaine (5-10
mL) and intravenous injection with 10 mg of dezocine. A
21-G Chiba needle [percutaneous transhepatic cholangiogram
(PTC), Cook Medical] was used to puncture the peripheral
dilated bile duct under the guidance of ultrasound and
fluoroscopy After cholangiography was performed to
understand the biliary tree anatomy, a 0.014-inch platinum
guide wire was introduced through the Chiba needle, and
a 6-F dilator sheath was introduced along the platinum
guidewire to the bile duct. A 0.035-inch guide wire and an
8-F single bend catheter (Terumo Medical Corporation, MD,
USA) were introduced into the bile duct after withdrawal of
the 6-F dilator sheath. The 8-F catheter was passed through
the outer side of the dysfunctional stent to the narrowest
segment, and the 0.035-inch guide wire was inserted into the
dysfunctional stent through the stent mesh. The guide wire
was then manipulated in retrograde fashion from the middle
part into the upper part and finally entered into the dilated
bile duct segment. The 8-F catheter was retracted to the
upper segment of the bile duct expansion section, and the 6-F
gooseneck catheter was introduced. Three ring gooseneck
catheters were opened, and the head end of the retrograde
segment of the guide wire was grasped and gradually pulled
out of the body. A 5-F Kumpe (KMP) (Cook Medical, IN,
USA) catheter was introduced along the retrograde guide wire,
and then an antegrade manipulation access was established.
The 5-F catheter was passed through the obstructive segment
of the bile duct with 0.035-inch guide wire manipulation.
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Primary endpoint: technical success, clinical success,
complications
Secondary endpoint: irradiation dose, procedure time, overall
survival, biochemical indicators

Figure 1 Workflow of the study.

After the reinforcing guidewire (Amplatz, Boston Scientific,
IL, USA) was exchanged, safe percutaneous access was
established, through which advanced forceps biopsy, '*'T
strand brachytherapy, biliary radiofrequency ablation, and
photodynamic therapy could be performed according to the
treatment plan (Figures 2,3). Finally, biliary external-internal
drainage or stent reimplantation was performed to decrease

high bile duct pressure.

Definitions

"Technical success was defined as the successful reopening
of the dysfunctional biliary stent using the RTM. Clinical
success was defined as a decrease of at least 50% in
total bilirubin (TBIL) levels 1 week after the RTM was
administered. Postoperative patients underwent imaging
evaluation at an interval of 1-2 months to examine
tumor control and stent patency. The radiation dose was
collected in the irradiation monitoring module of the
DSA system. Pretreatment levels of TBIL, direct bilirubin
(DB), alanine aminotransferase (ALT), carbohydrate
antigen-199 (CA-199), and albumin (ALB) were compared
with those taken 1 month after the RTM was applied.
Complications were evaluated according to the Society
of Interventional Radiology (SIR) Standards of Practice
Committee classification on percutaneous hepatobiliary
interventions (10). Minor complications were defined
as no therapy and no consequence (grade 1) or overnight
observation only, no therapy, and no consequence (grade 2).
Major complications were defined as requiring therapy
and hospitalization (48 hours, grade 3), permanent adverse
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sequelae (grade 4), or death (grade 5).

Statistical analysis

All statistical analyses were performed using SPSS 26.0 (IBM
Corp., USA). Numerical data are expressed as the mean =
standard deviation. Paired 7-tests were used to compare the
same indices before and after the procedure. P values <0.05
were considered statistically significant.

Results
General characteristics

Among all 25 patients, the primary diagnoses were
cholangiocarcinoma (n=12), pancreatic head carcinoma
(n=11), and other (n=2), and the local maximum tumor
diameter was 33.90+8.10 mm (range, 21.90-55.50 mm).
More detailed information is listed in 7able 1. The RTM
was successfully performed to reopen the occluded stent in
all patients, representing a technical success rate of 100%.
An 85-year-old patient with pancreatic cancer whose TBIL
level was 188.8 pmol/L before the operation underwent
forceps biopsy during the operation and experienced bile
duct bleeding after the operation, which was 100.5 pmol/L
1 week after the operation with a decrease of 46.77%.
The patient was defined as experiencing technical failure.
Other patients’ TBIL level decreased by 74.78% (range,
52.8-86.8%), representing a technical success rate of
96%. The mean irradiation dose and procedure times
were 774.07+330.80 (range, 408.30-1,808.10) mGy and
45.16+9.48 (range, 36.50-76.00) min, respectively. The
median overall survival (OS) was 10.73 months [95%
confidence interval (CI): 9.37-12.09]. The levels of TBIL,
DB, ALT, CA-199, and ALB pre- and posttreatment are
listed in Table 2.

Two patients (8%) experienced complications, one with
acute pancreatitis and one with intrabiliary bleeding, with
the former experiencing abdominal pain accompanied by
an increased amylase level (2,438 U/L). Fasting, nutritional
support, acid suppression, antibiotics, and inhibition of
pancreatic secretion were administered, and the patient’s
symptoms significantly improved, with the amylase level
returning to normal within 5 days. The latter patient had
intermittent, recurrent bile duct bleeding (20-25 mL/day)
and low fever. The patient refused hepatic arteriography
and underwent anti-inflammatory and hemostatic treatment
for 1 week, after which all issues were resolved.
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A

Figure 2 A 74-year-old female developed recurrent obstruction 3.9 months after the placement of a biliary stent (10x50 mm) for pancreatic
head cancer with obstructive jaundice. (A) The primary stent was obstructed by tumor in-growth (arrow) according to the sagittal image.
(B) The stent was suspended inside the severely dilated bile duct (arrow), which made it difficult for the catheter and guide wire to be
manipulated into the original stent through the port of stent under two-dimensional fluoroscopy. (C) Tumor in-growth (arrow) can be
observed in the cross section of the original stent.

Figure 3 Images during the operation. (A) Cholangiography showing severe dilation in the bile duct (dashed white line). (B-D) The 8-F
catheter passes through the outer side of the stent to the narrowest segment of the stent obstruction part, and the 0.035-inch guide wire is
inserted into the stent through the stent mesh (B). The 6-F gooseneck catheter (arrow) (C) is opened to grasp the head end of the retrograde
segment of the guide wire, gradually pulling it out of the body, forming the wire guide ring (D). (E) Introduction of the 5-F KMP catheter
(arrows) along the retrograde guide wire via the antegrade access. (F) The catheter and guidewire are used in conjunction to reopen the
dysfunctional biliary stent, and the safe percutaneous access is established for the subsequent treatments. KMP, Kumpe.
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Table 1 Pre- and post-procedure information

Hou et al. Application of RTM in reopening dysfunctional biliary stents

Characteristic

Value

Total number
Age (year), mean + SD (range)
Sex, n (%)
Male
Female
Primary diagnosis, n (%)
Cholangiocarcinoma
Pancreatic head cancer
Others
Clinical stage, n (%)
Stage Il
Stage IV
Obstruction length (mm), mean + SD (range)
Local maximum tumor diameter (mm), mean + SD (range)
Previous noncovered stent type, n (%)
10 mm x 50 mm
10 mm x 60 mm
8 mm x 50 mm
Time to occlusion (month), mean + SD (range)
Irradiation dose (MGy), mean + SD (range)
Procedure time (min), mean + SD (range)
Technical success, n (%)
Clinical success, n (%)
Complications, n (%)
Local tumor control treatment, n (%)
Intraluminal brachytherapy
Biliary radiofrequency ablation
Photodynamic therapy
No treatment
Systemic treatment, n (%)
Overall survival (month), median (95% ClI)
Patient status, n (%)
Alive
dead
Causes of death, n (%)
Tumor cachexia

Sudden myocardial infarction

25
63.12+12.20 (39.00-85.00)

13 (52.00)
12 (48.00)

12 (48.00)
11 (44.00)
2 (8.00)

7 (28.00)

18 (72.00)
30.87+7.73 (13.00-43.90)
33.90+8.10 (21.90-55.50)

12 (48.00)

7 (28.00)

5 (20.00)

6.55+2.49 (3.50-11.40)
774.07+330.80 (408.30-1,808.10)
45.16+9.48 (36.50-76.00)
25 (100)
24 (96.00)

2 (8.00)

11 (44.00)

6 (24.00)

5 (20.00)

3 (12.00)

13 (52.00)
10.73 (9.37-12.09)

9 (36.00)
16 (64.00)

8 (32.00)
1 (4.00)

SD, standard deviation; mGy, milligray; Cl, confidence interval.
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Table 2 Comparison of biochemical indicators

Characteristics Pretreatment Posttreatment (1 month) P value
Total bilirubin (pmol/L) 189.47+59.20 44.65+16.12 <0.001
Direct bilirubin (umol/L) 144.21+55.83 27.95+13.86 <0.001
Alanine aminotransferase (U/L) 89.62+30.85 49.44+14.25 <0.001
Albumin (g/L) 36.32+2.05 40.22+1.95 <0.001
Carbohydrate antigen-199 (U/mL) 584.59+269.82 176.76+100.68 <0.001

Numerical data are expressed as the mean + standard deviation. P values are the comparison of the laboratory indices at 1-month
postoperation versus those at preoperation, with P<0.05 being significant.

Discussion

Due to pancreatic head cancer, cholangiocarcinoma, or
metastatic cancers, when the bile duct is invaded, there is
increased pressure in the bile duct above the obstruction,
ultimately leading to bile reflux into the bloodstream.
Patients may experience progressive bilirubin elevation or
even bilirubinemia fever (11). Considering that the vast
majority of patients are in the late tumor stage, surgical
intervention is difficult. Due to its minimally invasive and
efficient nature, noncovered BSP through PTC drainage or
endoscopic retrograde cholangiopancreatography access is
the preferred option for relieving bile duct pressure (2).

Poor local tumor control, continuous granulation tissue
proliferation, and the reflux of gastrointestinal contents
into the bile duct forming blockages may all lead to stent
dysfunction (12). In such circumstances, alleviating biliary
obstruction can be challenging. At this point, the bile
duct above the dysfunctional stent is severely dilated, and
the stent is suspended inside the dilated bile duct. After a
second percutaneous puncture, entering the catheter and
guide wire into the dysfunctional stent and normal lumen
becomes technically problematic. Of course, the vast
majority of reopening procedures can be completed through
precise catheter and guidewire manipulation, but there are
always some patients in clinical practice for whom this does
not succeed, especially when inexperienced doctors are
involved. In such situations, external biliary drainage should
be performed for a few days prior to reduce the biliary
pressure, and then the expanded bile duct may be retracted
before further reopening of the dysfunctional biliary stent;
however, this will inevitably delay further minimally invasive
treatment in the bile duct. To solve this issue, our center
developed the RTM to reopen dysfunctional stents through
retrograde manipulation. To the best of our knowledge,
there have been no previous reports on this method.

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

In this study, the success rate of the method was 100%,
with 8% being early applications, supporting the safety
and feasibility of the technical solution, as these results are
equivalent to the relevant technical indicators reported in
previous studies on biliary stenting (13-15). One patient
experienced clinical failure due to intermittent bleeding
(grade 3) after dysfunctional stent opening, which resulted
in a bilirubin reduction rate of 46.77%, and being less than
50%, was defined as clinical failure. The levels of TBIL,
DBIL, and ALT significantly decreased, while that of ALB
increased, indicating that reopening biliary obstruction can
still achieve good clinical efficacy.

The RTM procedure is performed as follows: (I) the
third level of the dilated bile duct is punctured, with the
puncture path being at an angle of approximately 120° to
the target bile duct so that the puncture path is smooth and
convenient for subsequent manipulation. (II) Satisfactory
local anesthesia is administered, which is critical to ensuring
good patient cooperation. (III) Real-time ultrasound is used
to aid in puncturing the target bile duct under fluoroscopy.
(IV) The guide wire of the 8-F catheter then runs clockwise
to the most severe obstruction of the stent and then enters
the stent starting with the end to allow for a relatively
smooth retrograde stent placement. (V) A skilled assistant
operates the gooseneck catheter with gentle movements to
avoid shifting of the dysfunctional stent. (VI) Appropriate
catheter and wire guiding techniques are proficiently
performed to improve the success rate of applying the
related equipment and to reduce radiation doses.

Despite the outcomes achieved, some limitations to this
study should be mentioned. The single-center nature, small
sample, and lack of controls represent limits to the study
design. Meanwhile, the use of gooseneck catheters can may
involve increased clinical diagnosis and treatment costs. In

summary, this study is the first to validate the RTM for the
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reopening of dysfunctional biliary stents. We aim to gain
more experience in this method in the future and hope that
other centers will adopt it in their clinical practice.

Conclusions

Our findings suggest that the RTM is an effective and
safe treatment for patients who require reopening of
dysfunctional biliary stents.
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