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Abstract
We aimed to assess the therapeutic effect of reimplantation of biliary metal stents by percutaneous transhepatic cholangial drainage
(PTCD) in patients with recurrent malignant obstructive jaundice (MOJ). Furthermore, we explored the prognostic value of
inflammation-based markers in these patients.
We reviewed 33 cases of recurrent MOJ after implantation of biliary metal stents by PTCD, all of which underwent reimplantation of

stents under digital subtraction angiography guidance. Levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and bilirubin were compared between before and after reimplantation (1 week, 1month, and 3months postoperatively). Preoperative
clinical data were collected to calculate the inflammation-based markers, including systemic immune-inflammation index (SII,
neutrophil � platelets/ lymphocyte), platelets-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and monocyte-to-
lymphocyte ratio (MLR). The primary outcome was overall survival (OS), which was estimated by the Kaplan–Meier method and Cox
regression analysis.
The levels of ALT, AST, total bilirubin, and direct bilirubin significantly reduced after the reimplantation operation. During a median

follow-up time of 10 months, 18 (54.5%) patients died. Gender, albumin, SII, PLR, NLR, and MLR were found to be associated with
OS by the log-rank test and univariate analysis. Multivariate Cox analysis identified elevated levels of SII and PLR as significant factors
for predicting poor OS.
Reimplantation is clinically feasible in patients with recurrent MOJ after implantation of biliary metal stents. SII and PLR are

independent, useful inflammation-based prognostic models for predicting outcomes in these patients.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, DBIL = direct bilirubin, DSA = digital
subtraction angiography, MLR = monocyte-to-lymphocyte ratio, MOJ = malignant obstructive jaundice, MRCP = magnetic
resonance cholangiopancreatography, NLR = neutrophil-to-lymphocyte ratio, OS = overall survival, PLR = platelets-to-lymphocyte
ratio, PTCD = percutaneous transhepatic cholangial drainage, SII = systemic immune-inflammation index, TBIL total serum bilirubin.
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1. Introduction

Malignant obstructive jaundice (MOJ) refers to an obstruction of
intrahepatic or extrahepatic bile duct due to the growth of
malignant tumors. MOJ may be caused by primary and
secondary malignancies of liver, bile duct, gallbladder, pancreas,
or periampullary area. As bile fails to enter into the digestive
tract, obstructive jaundice may eventually lead to various
pathophysiological disorders, such as liver damage, cardiovas-
cular system injury, immune function decrease, intestinal barrier
dysfunction, endotoxemia, coagulation disorders, malnutrition,
or even death [1]

Surgical resection is considered as the optimal therapy for
MOJ.[2] However, the majority of patients are unable to undergo
radical surgery because of poor systemic or local tumor
conditions. In contrast, percutaneous biliary metallic stent
implantation is an effective, palliative treatment method in such
patients.[3] Recent years, the survival time and the life quality of
patients have been greatly improved by using this approach in our
department.[4] However, biliary stents would become obstructed
after the implantation in partial patients due to various reasons
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and it may eventually lead to MOJ recurrence. In our
department, as a large percentage of patients with recurrent
MOJ had relatively good general health and could tolerate the
stent reimplantation procedure, we successfully performed
reimplantation of biliary metal stents by percutaneous trans-
hepatic cholangial drainage (PTCD) under digital subtraction
angiography (DSA) in these patients. To date, the outcomes and
potential prognostic factors in patients with recurrent MOJ have
never been investigated.
Recently, published evidence suggests that systemic inflamma-

tion is associated with survival in various types of
malignancies.[6–8] In addition, several inflammatory response-
related parameters, such as systemic immune-inflammation index
(SII, neutrophil�platelets/lymphocyte), platelets-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and mono-
cyte-to-lymphocyte ratio (MLR), have been proposed as usefully
prognostic biomarkers in several malignancies, such as biliary
tract neoplasms and pancreatic carcinoma.[9,10] However, to our
knowledge, no studies have reported the prognostic significance
of the above inflammation-based markers in patients with
recurrent MOJ. In this study, we reported our experience in
treating recurrent MOJ and explored the prognostic values of the
inflammation-based markers in these patients.
2. Materials and methods

2.1. Study population

The study included 33 patients who experiencedMOJ recurrence
after the implantation of biliary metal stents by PTCD in our
department. All the patients were reimplanted with biliary stent
by PTCD under DSA between June 2012 and September 2016.
Patients also underwent routine biochemical testing, computer-
ized tomography (CT), magnetic resonance cholangiopancrea-
tography (MRCP), and cholangiography in order to confirm the
obstruction of biliary stent. This study was approved by the
Institutional Review Board of the First Affiliated Hospital of
BengbuMedical College. Informed consent was obtained from all
patients.

2.2. Instruments

The Innova 3100 DSA fluoroscopy device (General Electric) was
used during reimplantation surgery. The tubes used for PTCD
were pigtail catheters with hydrophilic coating (Guangzhou
Leadgem Medical Devices Co., Ltd., China). The biliary stents
were self-expandable metal stents (Nanjing Micro-Tech Co.,
Ltd., China). Biliary needles, catheter sheaths, loach guide wires,
ultra-smooth guide wires, ultra-slippery exchange guide wires,
and catheters of various sizes (8�40mm,8�60mm, 8�80mm,
8�100mm, 10�40mm, 10�60mm, 10�80mm, and 10�100
mm, as appropriate) were used. A Hitachi 2000 ultrasound
device with a standard abdominal probe was used, with the
frequency set to 3.5MHz.

2.3. Surgical approach

PTCD, including localization of the puncture point, was
performed under ultrasound guidance for patients with chol-
angitis or for whom preoperative imaging showed obvious
intrahepatic biliary duct dilation. Lidocaine (2%) was used for
local anesthesia, and an 18G needle was used for puncturing.
After reaching the target, the needle was withdrawn and the
guidewire was passed into the intrahepatic bile duct. The opening
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in the skin was expanded with a scalpel and the 7F-8.5F pigtail
catheter was inserted over the guidewire. Then, the guidewire was
subsequently removed, and the drain was connected to the
drainage bag and sutured in place to the skin.
One week after the PTCD, biliary stent reimplantation was

performed under DSA. Ultrasound or DSA fluoroscopy was used
to guide the puncture and entry into the intrahepatic bile duct for
patients without optimal preoperative biliary duct dilation. After
cholangiography confirmed that PTCD was located within the
intrahepatic bile duct, a guidewirewas inserted and the PTCDtube
was removed. Next, the catheter sheath was inserted, followed by
the cholangiographic catheter over the guidewire. The direction of
guidewire was repeatedly adjusted to allow the guidewire and the
cholangiographic catheter entering into the primary stent at the
upper end and completely passing through the stent until the distal
end of the duct. Another picture was taken to measure the length
and the diameter of the proximal end of the obstructed bile duct.
The specifications of the stent that would be used were selected
based on these measurements. The cholangiographic catheter was
withdrawn and the deployed biliary metal stent was inserted over
the guide wire. By DSA-guided adjustment, the stents were slowly
placed and released so that the marks at the 2 ends of the stent
passed the respective 2 ends of the primary stent by 1cm. For the
cases in which a single stent was not long enough, double stents
were used. If stent expansion was poor due to the use of multiple
stents, balloon dilation was performed by inserting a balloon over
the guidewire. After removing the guide wire, the tube for PTCD
was inserted through the original PTCD track and cholangiogra-
phywas performed again. Entry of contrastmaterial into the distal
end of the obstructed biliary duct indicated that the placement of
the stent was successful. Finally, the PTCD tube was repositioned
(Fig. 1).

2.4. Data collection

We used the electronic medical records to collect the relative data.
The levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total serum bilirubin (TBIL), and direct
bilirubin (DBIL) were noted and compared before the procedure
and at 1 week, 1 month, and 3 months after operation. We also
collected the preoperative levels of platelet, neutrophil, lympho-
cyte, and monocyte counts to calculate the SII, PLR, NLR, and
MLR.
The incidence of postoperative complications such as bile leak,

biliary tract bleeding, amylase elevation, andbiliary tract infection,
was also observed. Finally, routine biochemical test, CT, MRCP,
and cholangiography were used to evaluate stent patency.

2.5. Statistical analysis

SPSS version 21.0 (IBM Corp.) was used for data processing.
Continuous variables were expressed as mean± standard devia-
tion for these with normal distribution andmedian (range) for the
non-normally distributed variables. Comparisons between
different groups were performed using the Wilcoxon test for
continuous data. The receiver operating characteristic (ROC)
curve was used to determine the optimal cut-off point (the highest
value of specificity plus sensitivity) of the systemic inflammation
models for discriminating between deceased and living patients.
The primary outcome observed was overall survival (OS),

which was estimated by the Kaplan–Meier curve. The survival
differences were analyzed by the log-rank test. All the variables
that were significant (P<0.05) in univariate analysis were
entered into a multivariate analysis with Cox proportional



Figure 1. The operation progress of reimplantation of biliary metal stents by PTCD. (A) Cholangiography of PTCD indicating primary stent obstruction. (B)
Cholangiographic catheter passes the stent into the intestine. (C) Stent re-implantation. (D) Dilated balloon expanding the implanted stent. PTCD = percutaneous
transhepatic cholangial drainage.
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hazard regression models. A P value<0.05 was considered
statistically significant.
3. Results

3.1. Patient characteristics and clinical indicators

Demographic data, serologic tests, and inflammatory response
related parameters of the 33 patients are summarized in (Table 1).
All patients were reimplanted with the biliary stents as the
experience of MOJ recurrence after the initial implantation of
stents by PTCD. There were 27 cases of clinically diagnosed
cholangiocarcinoma, 4 cases of pancreatic cancer, 1 case of
gallbladder cancer, and 1 case of periampullary carcinoma. The
ages ranged from 49 to 89 years and 16 were male among these
patients. After the reimplantation, clinical symptoms such as
jaundice, chills, and fever significantly improved in all patients.
At 1 week, 1 month, and 3 months postoperatively, the levels of
ALT, AST, TBIL, andDBIL significantly reduced compared to the
preoperative levels (Fig. 2, all P<0.05).

3.2. Complications

No complications were found in patients with ultrasound-guided
puncture. However, all the 4 patients with direct puncture
experienced complications after the reimplantation. One case of
3

biliary tract bleeding was treated by applying hemostatic agents
intravenously. Another case of bile leakage was treated by the
peritoneal drainage. In addition, 2 cases of biliary tract infection
were treated with antibiotic therapy.
3.3. Determination of the cut-off value for the SII, PLR,
NLR, and MLR

The ROC curve of SII, PLR, NLR, and MLR indicated that 644,
139, 2.47, and 0.45 were optimal cut-off values with 88.9%
sensitivity and 83.3% specificity, 77.8% sensitivity and 75.0%
specificity, 83.3% sensitivity and 69.2% specificity, 55.6%
sensitivity and 92.3% specificity, respectively. Of the 4 models,
the SII and PLR were significant indicators for determining the
deceased from the living patients, with the area under the curve
(AUC) values 0.843 (95%CI: 0.673–1.000, P=0.002) and 0.838
(95% CI: 0.696–0.980, P=0.002), respectively.
3.4. Predictors of survival

During a median follow-up time of 10 months, 18 (54.5%)
patients died. The median survival time of all patients was 8
months and Fig. 3 showed the Kaplan–Meier cumulative OS
curve. The log-rank analysis demonstrated that the OS varied
significantly with different levels of the SII, PLR, NLR, andMLR
(Fig. 4A–D, all P<0.05).
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Figure 2. Comparison of patients’ liver function between preoperation and postoperation. When compared to the preoperative, the levels of ALT (A), AST (B), TBIL
(C), and DBIL (D) significantly improved at 1 week, 1 month, and 3 months postoperatively (

∗
P<0.05). ALT = alanine aminotransferase, AST = aspartate

aminotransferase, DBIL = direct bilirubin, TBIL total serum bilirubin.

Table 1

Basic characteristics of the 33 patients with recurrent MOJ.

Variables Overall

Sex, male/female 16/17
Age, y 68.8±9.88, 70 (49–89)
ALT, U/L 184 (55–488)
AST, U/L 182 (79–541)
ALP, U/L 517.5 (98–2451)
GGT, U/L 433.5 (55–1768)
TBIL, mmol/L 261.8 (164.6–417.0)
DBIL, mmol/L 204.5 (102.7–353.4)
Platelets, 109/L 220 (58–491)
INR, U/L 1.06 (0.74–1.49)
Albumin, g/L 32.5 (24.8–43.1)
AGR 0.85 (0.60–1.50)
CRP, mg/L 60 (2–204)
Neutrophil, 109/L 5.18 (0.87–34.78)
Lymphocyte, 109/L 1.52 (0.56–4.93)
Monocyte, 109/L 0.56 (0.05–1.57)
CEA, ng/mL 4.95 (0.35–171.33)
CA199, ng/mL 315 (30–1200)
CA153, ng/mL 15.7 (5.7–58.62)
SII 900 (91–6969)
PLR 150 (37–375)
NLR 3.75 (0.88–28.05)
MLR 0.39 (0.03–1.11)
Survival time, mo 8 (2–18)

AGR= albumin-to- globulin ratio, ALP= alkaline phosphatase, ALT= alanine aminotransferase,
AST= aspartate aminotransferase, CEA= carcino-embryonic antigen, CRP= c-reactive protein, DBIL
= direct bilirubin, GGT=g-glutamyl transpeptidase, INR= international normalized ratio, MLR=
monocyte-to-lymphocyte ratio, MOJ = malignant obstructive jaundice, NLR=neutrophil-to-
lymphocyte ratio, PLR=platelets-to-lymphocyte ratio, SII= systemic immune-inflammation index,
TBIL= total bilirubin.

Figure 3. The survival curve of patients after reimplantation of biliary metal
stents.

Jin et al. Medicine (2017) 96:3 Medicine
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Figure 4. Cumulative survival curves of patients stratified according to the SII (A), PLR (B), NLR (C), and MLR (D). MLR = monocyte-to-lymphocyte ratio, NLR =
neutrophil-to-lymphocyte ratio, PLR = platelets-to-lymphocyte ratio, SII = systemic immune-inflammation index.

Table 2

Univariate and multivariate analyses of factors associated with
overall survival of recurrent MOJ patients.

Variables Crude HR P

Sex, female vs male 0.262 (0.092–0.750) 0.013
Age, ≥70 vs <70 y 2.403 (0.880–6.562) 0.087
ALT, H vs L 1.237 (0.484–3.165) 0.657
AST, H vs L 1.136 (0.403–3.202) 0.810
TBIL, H vs L 1.433 (0.409–5.019) 0.574
Platelets, H vs L 2.405 (0.789–7.332) 0.123
INR, per 0.1 U/L 1.214 (0.831–1.775) 0.316
Albumin, H vs L 9.693 (1.241–75.708) 0.030
AGR, H vs L 0.849 (0.330–2.183) 0.734
CRP, per 1 mg/L 1.006 (0.998–1.014) 0.151
Neutrophil, H vs L 2.899 (0.942–8.917) 0.063
Lymphocyte, H vs L 0.613 (0.166–2.273) 0.465
Monocyte, H vs L 2.820 (1.084–7.337) 0.034
CEA, H vs L 1.394 (0.485–4.005) 0.538
SII, H vs L 6.429 (1.464–28.243) 0.014
PLR, H vs L 3.399 (1.113–10.384) 0.032
NLR, H vs L 4.981 (1.127–22.017) 0.034
MLR, H vs L 3.431 (1.229–9.577) 0.019

AGR= albumin-to- globulin ratio, ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST=
aspartate aminotransferase, CEA= carcino-embryonic antigen, CRP=c-reactive protein, GGT=g-
glutamyl transpeptidase, H=high, INR= international normalized ratio, L= low, MLR=monocyte-to-
lymphocyte ratio, MOJ = malignant obstructive jaundice, NLR=neutrophil-to-lymphocyte ratio, PLR=
platelets-to-lymphocyte ratio, SII= systemic immune-inflammation index, TBIL= total bilirubin.

Jin et al. Medicine (2017) 96:3 www.md-journal.com
Univariate analysis showed that gender, ALB, monocyte count,
SII, PLR, NLR, andMLRwere significant prognostic factors that
affected OS (Table 2). Furthermore, multivariate analysis
revealed that SII and PLR were independent predictors for OS
(Fig. 5).

4. Discussion

As the lack of aggressive and immediate treatment, patients with
MOJ generally have a range of homeostatic disorders and a poor
survival.[11,12] Although radical resection is the first treatment
choice, it is often not feasible as the difficulties in early diagnosis
of this malignancy and the poor condition of patients.[13] The
advancements in imaging technologies allow obtaining accurate
information and it can be used for a comprehensive preoperative
evaluation of tumor resectability. For cases where radical
resection is not feasible, we may choose laparotomy and internal
drainage. However, surgery and anesthesia can cause physical
and psychological trauma, whereas there was no significant
improvement in the prognosis of patients.[14,15] Additionally,
geriatric cases and patients with poor systemic conditions are
unable to tolerate laparotomy. Thus, we recommended the
minimally invasive biliary stenting procedure for drainage in
some patients.
Biliary stents can be placed by endoscopy or by percutaneous

transhepatic route. The endoscopic procedure requires a complex
5
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Figure 5. Forest plot based on the results of multivariate analysis of the factors associated with overall survival of recurrent MOJ patients. MOJ = malignant
obstructive jaundice.

Jin et al. Medicine (2017) 96:3 Medicine
endoscopic system and has more stringent requirements on the
patient’s general health condition. Therefore, biliary stent
placement by the percutaneous transhepatic route is more widely
used in our department. However, biliary stent implantation is
limited to inhibit tumor growth. Stent obstruction gradually
emerges from tumor ingrowth through the stent meshor, biliary
sludge deposition, or biofilm [16], and finally leads to the
reoccurrence of MOJ.
In our department, some patients with recurrent MOJ sill have

good overall health and have no distal metastases. However,
impaired liver function is unavoidable in these patients. The
laparotomy for recurrent MOJ is less likely and endoscopic
treatment is also hard to implement. Thus, PTCD is the only
feasible treatment method.[17] However, a simple PTCD has
several drawbacks, such as drainage tube dislodgement, water
and electrolyte imbalance, and gastrointestinal dysfunctions. It
also increases the susceptibility to infections due to the long-term
indwelling drain. Therefore, we performed biliary stent reim-
plantation by PTCD in patients with recurrent MOJ. In this
study, we collected their pre- and postoperative clinical data and
survival time. We found that symptoms and liver function
significantly improved after stent reimplantation in patients with
recurrentMOJ. Our results regarding postoperative survival time
were very promising and were consistent with the 6- to 9-month
median survival time reported in previous studies.[18–20]

Therefore, we conclude that biliary stent reimplantation
improves the quality of life and increases survival time in
patients with recurrent MOJ. Moreover, PTCD does not require
complex equipment and patients are free from the high risk of
surgery and general anesthesia. Therefore, our results further
suggest that reimplantation by PTCD has a potential value of
clinical application in recurrent MOJ.
It has been indicated that, for patients with MOJ who are

expected to live longer than 4months, placement of a biliary stent
is the recommended treatment.[21] Recurrent MOJ patients, who
are accompanied with cachexia, may have relatively short
expected survival time and may be unable to tolerate stent
reimplantation. Thus, patients can be recommend for biliary stent
reimplantation if they fulfill the following criteria: no dysfunction
6

of a vital organ (heart, lung, kidney, etc.); no serious
hypoalbuminemia, ascites, water, or electrolyte imbalance;
overall systemic condition capable of tolerating stent implanta-
tion; tumors without signs of distant metastases, or with distant
metastasis but acceptable general health condition; no intra-
hepatic bile duct tumor thrombus on preoperative CT, MRI, and
cholangiography; large expected drainage range after stent
insertion to enable effective jaundice reversal.
Percutaneous biliary stent reimplantation is more difficult than

the initial stent placement operation. With PTCD cholangiogra-
phy, the guidewire is inserted and the PTCD tube is removed.
After the sheath is inserted, the cholangiographic catheter is also
inserted and subsequently passed through the obstruction with
the aid of the guide wire. It is important to note that the guidewire
must be passed from the end of the stent and not through the
mesh of the previous stent, or else the stent will not self-expand
and it will diminish the efficiency of the treatment. Therefore, due
to the influence of the initial stent, passing the guidewire is more
difficult to achieve during the reimplantation than the first
implantation. If necessary, ultrafine cholangioscopy can be used
to direct the guidewire. Among the cases included in our study,
there were 2 patients for whom the wire was unable to pass
through the obstruction. It is important to keep in mind that the
reimplanted stent must bypass the original stent.When necessary,
multiple stents can be placed, and if stents self-expand poorly,
balloon dilation can be used.
Biliary stents can only relieve the obstruction, but have no

therapeutic effect on the tumor. In order to prevent stent
obstruction, comprehensive treatments, such as the placement of
radioactive seeds into the bile duct, radiofrequency ablation of
intraductal tumors, intraductal chemotherapy infusion, and
systemic chemotherapy, should be implemented.[22] For patients
with biliary stent reimplantation, provided the overall condition
permits, comprehensive treatment should also be implemented to
prolong stent patency time and survival time. Furthermore, to
improve prognosis, it is necessary to explore the potential factors
that affect survival.
Accumulating evidence indicates that systemic inflammatory

responses play important roles in various stages of tumor
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development, such as initiation, promotion, invasion, and
metastasis.[8–23] The tumor increases the process of inflammato-
ry, which in turn predisposes to tumor progress via inhibiting
apoptosis, promoting angiogenesis, and DNA damage.[24]

Recently, numerous research has confirmed that, several
hematological markers of inflammatory responses, such as SII,
PLR, NLR, and MLR, are significant prognostic models in
various types of cancers, such as prostate cancer,[25] lung
cancer,[26] hepatocellular carcinoma,[27] and biliary tract can-
cers.[9]

MOJ is mainly caused by cholangiocarcinoma, pancreatic
cancer, or gallbladder carcinoma, all of which are closely
correlated with the underlying inflammation. In our cohort, none
of the single parameters (platelets, neutrophil, and lymphocyte
count) alone could significantly predict survival. However, the
simple combinations of these parameters, such as inflammatory-
related SII, PLR, and NLR, were powerful predictors in survival.
Furthermore, multivariate analysis identified the SII and PLR as
independent factors for predicting OS in patients with recurrent
MOJ.
The mechanism of increased SII/PLR and poor prognosis is still

not clear. The associations of the 2 indices with inflammation
might be significant. In addition, all the parameters in SII and
PLR were associated with tumor formation and progression. In
vitro, platelets could accelerate tumor growth and invasion via
releasing several platelet-derived mediators.[28,29] Recently,
platelets have also been reported to significantly increase the
risk of mortality from various cancers.[30] Furthermore,
lymphocyte is a crucial component of the immune system and
reflects immune response against tumor. The lymphocyte count is
found to be positively correlated with tumor stage.[31] In
addition, tumor-infiltrating leukocytes, including neutrophils
and monocytes, may also play a crucial role in tumor
development and progression.[32] Studies indicate that the
increased preoperative monocyte count is negatively correlated
with survival in malignant patients.[33,34]

Several limitations were noted in the current study. First, this
study analyzed a single institution experience and was carried
out with a retrospective cohort design. The study quality
could not be effectively controlled and the confounding might
be inevitably. Second, the sample size was small and it was
unreliable to perform further stratified analysis. Various
location of tumor may be a crucial potential confounder in
our study and subgrouped analysis should be performed.
However, among the 33 patients the study included, 27 cases
were cholangiocarcinoma, 6 were other malignancies, and the
results of subgrouped analysis were meaningless. Third, our
results may only provide guiding significance in patients with
recurrent MOJ. The prognostic values of these inflammatory-
related markers in initial MOJ patients that treated by the
PTCD or other approaches should be investigated in the future
study.
In conclusion, in patients with MOJ recurrence after

implantation of biliary metal stents by PTCD, reimplantation
is clinically feasible as it improves the quality of life and increases
the survival time. In addition, several inflammatory response-
related markers, particularly SII and PLR, are independent, useful
models for predicting outcomes.
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