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Abstract: Our aim was to study the association between preoperative biliary drainage (PBD) and
morbidity following cephalic pancreaticoduodenectomy (CPD) for pancreatic ductal adenocarcinoma
(PDAC) and its prognostic impact, which is still controversial in the literature. A retrospective study
was conducted, which included 128 patients who underwent CPD for PDAC, divided into two groups:
those who underwent PBD (group 1) and those who did not undergo this procedure (group 2). Group
1 was subdivided according to the drainage route: endoscopic retrograde cholangiopancreatography
(ERCP), group 1.1, and percutaneous transhepatic cholangiography (PTC), group 1.2. 34.4% of
patients underwent PBD, and 47.7% developed PBD-related complications, with 37% in group 1.1 and
64.7% in group 1.2 (p = 0.074). There was a significant difference between group 1 and 2 regarding
bacterial colonization of the bile (45.5% vs. 3.6%, p < 0.001), but no difference was found in the
colonization by multidrug-resistant bacteria, the development of Clavien–Dindo ≥ III complications,
clinically relevant pancreatic fistula and delayed gastric emptying (DGE), intra-abdominal abscess,
hemorrhage, superficial surgical site infection (SSI), and readmission. Between groups 1.1 and
1.2, there was a significant difference in clinically relevant DGE (44.4% vs. 5.9%, p = 0.014) and
Clavien–Dindo ≥ III complications (59.3% vs. 88.2%, p = 0.040). There were no significant differences
in median overall survival and disease-free survival (DFS) between groups 1 and 2. Groups 1.1 and
1.2 had a significant difference in DFS (10 vs. 5 months, p = 0.017). In this group of patients, PBD
was associated with increased bacterial colonization of the bile, without a significant increase in
postoperative complications or influence in survival. ERCP seems to contribute to the development
of clinically significant DGE. Patients undergoing PTC appear to have an early recurrence.

Keywords: pancreatic cancer; pancreaticoduodenectomy; obstructive jaundice; biliary drainage; prognosis

1. Introduction

Pancreatic cancer is among the neoplasms with the worst prognosis. Pancreatic ductal
adenocarcinoma (PDAC) is the most common exocrine pancreatic neoplasm [1,2], having
the highest case-fatality rate of any solid tumor [3] and representing the seventh leading
cause of cancer-related death [1,2,4], with a 5-year overall survival (OS) of only 10% [5].
Patients with PDAC are often asymptomatic in the early stages of the disease [2,6,7], and
only 15 to 20% of patients are resectable at diagnosis.

For PDAC located in the head of the pancreas, jaundice is the most common clinical
sign at diagnosis. Progressive and prolonged obstructive jaundice leads to fatigue, malnutri-
tion, bile stasis, and endotoxemia, being associated with hepatic dysfunction, coagulopathy,
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infections, anastomotic leakage, and delayed recovery after surgery [8]. Preoperative biliary
drainage (PBD) aims to restore the normal bile flow. It is the only procedure that allows for
non-resectable jaundiced patients to be treated with neoadjuvant therapy [9], and a biopsy
can be performed in the same intervention in order to reach a definitive diagnosis [10].
Furthermore, it allows for resectable patients to safely wait for surgical resection when it
cannot be performed in a short-term period when they develop severe pruritus, severe
hyperbilirubinemia, acute cholangitis, or jaundice-related systemic complications [11,12].
This procedure is not routinely recommended for patients taken in for surgical resection, as
it can increase complications [5], and formal indications for its use are still debated [8]. PBD
is sometimes performed in the absence of the previously mentioned indications, which
makes it difficult to assess and discuss its real impact on postoperative morbidity and
patients’ prognosis.

Some studies have shown that PBD is associated with a decrease in the rate of post-
operative complications [8,13], while others have shown that this would be the same
whether or not patients underwent PBD [11,14,15]. However, what seems to be the in-
creasing consensus is that it leads to an increase in the rate of postoperative complications,
especially infectious ones [9,16–27]. The number of patients requiring this preoperative
procedure is expected to rise due to the increasing use of neoadjuvant chemotherapy in
pancreatic cancer patients [28]. Thus, the aim of this work was to clarify the association
between PBD and complications following cephalic pancreaticoduodenectomy (CPD), and
its prognostic impact.

2. Materials and Methods
2.1. Study Design

A retrospective study was conducted that included 128 consecutive patients who
underwent CPD for PDAC, between January 2008 and August 2021 at our department,
without neoadjuvant treatment. Routinely, a laparotomic cephalic pancreaticoduodenec-
tomy without pyloric preservation and a standard lymph node dissection was the technique
used. The pancreatic stump was managed with an end-to-side pancreaticojejunostomy
(with or without duct stenting). PBD was performed as a “bridge” therapy, without pre-
established protocols, in patients with obstructive jaundice with associated severe pruritus,
cholangitis, comorbidities requiring preoperative work-up, and a lack of early access to
surgery or in case of a patient’s willingness to postpone surgical intervention. Patients
were divided into two groups: those who were submitted to PBD (group 1) and those who
did not undergo this procedure (group 2). Group 1 was further divided according to the
drainage route performed by endoscopic retrograde cholangiopancreatography (ERCP)
(group 1.1) or by percutaneous transhepatic cholangiography (PTC) (group 1.2).

Preoperative analytical parameters included in the study were aspartate amino-
transferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AP), gamma-
glutamyltransferase (GGT), total bilirubin (BR), and albumin. Jaundice was considered
for a BR value greater than 2.5 mg/dL [29]. Intraoperative variables considered were bile
cultures (collected after sectioning the main bile duct), blood transfusions, and duration
of surgical intervention. Regarding the postoperative period, variables considered were
postoperative complications, namely postoperative pancreatic fistula (POPF), delayed gas-
tric emptying (DGE), postoperative hemorrhage (POH) and surgical site infection, and
readmission (until 30 days after surgery). Postoperative complications were defined as
those occurring in the first 30 days after surgery and classified according to the Clavien–
Dindo classification (CDC) [30]. A clinically significant postoperative complication was
considered when patients met the criteria for CDC grade III or higher. DGE [31] and
POPF [32] were defined according to the International Study Group of Pancreatic Surgery,
considering grades B and C as clinically significant. Postoperative surgical site infection
was divided into superficial surgical site infection (SSI) and deep surgical site infection,
equivalent to an intra-abdominal abscess (IAA). Histopathological characteristics, relapse,
OS, and disease-free survival (DFS) were also included. DFS was calculated from the
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date of surgery to the date of relapse and the OS from the date of surgery to the date of
death or of data analysis. Preoperative risks for morbimortality were calculated using the
American College of Surgeons (ACS) National Surgical Quality Improvement Program
(NSQIP) Surgical Risk Calculator.

Data were obtained by reviewing the patients’ clinical histories, using the hospital
database records. The study was approved by our Hospital’s Ethics Committee and was
performed according to the Declaration of Helsinki [33].

2.2. Statistical Analysis

Statistical analysis was performed on IMB SPSS software, version 27.0 (IMB corpo-
ration, Armonk, NY, USA). First, a descriptive analysis was performed. Metric variables
were presented by mean whenever there was a normal distribution and by the median if
not. Relational statistics were performed using the chi-squared test or the Fisher exact test
for qualitative variables and the Student’s t-test or Mann–Whitney U test for quantitative
variables. Receiver operating characteristic (ROC) curves were used for BR cut-offs. The
Kaplan–Meier and log-rank tests were used to conduct survival analysis, and univariate
Cox regression was performed with the statistically significant variables from the survival
analysis. In all the tests used, a p-value ≤ 0,05 was considered statistically significant.

3. Results
3.1. Preoperative Biliary Drainage

Of the 128 patients included in the study, 78 (60.9%) were male with a median age of
69 years (IQR 60.25–76). Forty-four (34.4%) patients underwent PBD before surgery while
65.6% did not. Preoperative AST, ALT, AP (p < 0.001), TB (p = 0.001), and GGT (p = 0.04)
differed significantly between groups 1 and 2. Drainage was performed by PTC in 17 cases
(38.6%) and by ERCP in 27 cases (61.7%). In 22 of those who underwent ERCP (81.5%),
a plastic prosthesis was placed, and, in 2 cases (7.4%), a metallic one was used. In those
who underwent PTC, an external biliary drain was used in 14 cases (82.4%), a mixed biliary
drain was used in 1 case (5.9%), and a prosthesis was used in 2 cases (11.8%). The median
drainage time was 30 days (IQR 20–46).

In 37% of patients in group 1.1 and in 64.7% of group 1.2, there was drainage-related
morbidity (p = 0.074). Acute cholangitis occurred in 60% of patients in group 1.1, in 18.2%
of patients with drainage-related morbidity in group 1.2 (p = 0.080), and acute pancreatitis
in 30% and 0% of patients with drainage-related morbidity, respectively (p = 0.090). No
patients in group 1.1 developed drainage-related bleeding, which occurred in 27.3% of
patients with drainage-related morbidity in group 1.2 (p = 0.214). In group 1.2, no patient
developed drainage obstruction, but this complication occurred in 20% of patients in
group 1.1 (p = 0.214). Finally, drain mobilization occurred in 54.5% of patients with drainage-
related morbidity in group 1.2. Results are detailed in the Supplementary Materials.

3.2. Intraoperative Variables and Postoperative Complications

Intraoperative bile cultures were positive in 23 (18%) of the 128 patients, and 10 (43.5%)
were positive for multidrug-resistant bacteria. Characteristics of intraoperative bile cultures
are detailed in Table 1. Statistically significant differences were observed between groups
1 and 2 regarding the bacterial colonization of bile (45.5% vs. 3.6%, p < 0.001) but not
regarding colonization by multidrug-resistant bacteria (45% vs. 33.3, p = 1.000). Between
groups 1.1 and 1.2, there was a difference in bacterial colonization of bile, although without
statistical significance (55.6% vs. 29.4%, p = 0.130).

Comparison between the postoperative complications of groups 1 and 2 and groups
1.1 and 1.2 are detailed in Tables S1 and S2 of the Supplementary Materials, respectively.
Between groups 1 and 2, no statistically significant differences were observed regard-
ing postoperative morbidity (81.8% vs. 71.4%, p = 0.277) and mortality (4.5% vs. 11%,
p = 0.223) in the development of clinically significant pancreatic fistula (16.7% vs. 15.6%,
p = 0.878), clinically significant DGE (29.5% vs. 29.8%, p = 0.976), IAA (13.6% vs. 21.4%,
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p = 0.257), POH (15.9% vs. 10.7%, p = 0.428), SSI (6.8% vs. 10.7%, p = 0.539), read-
mission (50% vs. 48.8%, p = 1.000), and clinically significant postoperative complications
(CCD ≥ III) (29.5% vs. 31%, p = 0.802). Overall, 45 patients (35.2%) required a postoper-
ative blood transfusion, 47.7% of those undergoing PBD and 28.6% not undergoing this
procedure (p = 0.031).

Table 1. Detailed intraoperative bile cultures.

Group 1
n = 44 (%)

Group 2
n = 84 (%)

Total
n = 128 (%) p

Positive bile culture 20 (45.5) 3 (3.6) 23 (18) <0.001

Positive for multidrug-resistant bacteria 9 (45) 1 (33.3) 10 (43.5) 1.000

Monomicrobial cultures 14 (70) 3 (100) 17 (73.9) 0.539

Polymicrobial cultures 6 (30) 0 6 (26.1) 0.539

Escherichia coli 2 (10) 2 (66.7) 4 (17.4) 0.067

Klebsiella pneumoniae 3 (15) 0 3 (13) 1.000

Enterobacter clocae 3 (15) 0 3 (13) 1.000

Enterococcus faecium 5 (25) 0 5 (21.7) 1.000

Others 11 (55) 1 (33.3) 12 (52.2) 0.590

Between groups 1.1 and 1.2, there were statistically significant differences in the
development of clinically significant DGE (44.4% vs. 5.9%, p = 0.014) and in clinically
relevant postoperative complications (CCD ≥ III) (59.3% vs. 88.2%, p = 0.040), with no
significant differences regarding postoperative morbidity (88.9% vs. 70.6%, p = 0.277) and
mortality (3.7% vs. 5.9%, p = 1.000), the development of clinically significant pancreatic
fistula (20% vs. 11.8%, p = 0.482), IAA (22.2% vs. 0%, p = 0.067), POH (18.5% vs. 11.8%,
p = 0.689), SSI (11.1% vs. 0%, p = 0.272), and the readmission rate (51.9% vs. 47.1%,
p = 0.757).

It was found that the risks of any complication (p = 0.020), readmission (p = 0.020),
surgical reintervention (p = 0.034), death (p = 0.005), and sepsis (p = 0.025), calculated using
the ACS NSQIP Surgical Risk Calculator, differed significantly between groups 1.1 and 1.2,
with the risks being higher in group 1.2. On the other hand, the calculated risk of DGE was
not significantly different between these groups (p = 0.695).

In jaundiced patients before surgery, a preoperative BR serum level of 17.65 mg/dL or
higher (sensitivity 75%; specificity 67.5%) significantly discerned patients with SSI than
those without, resulting in an area under the curve (AUC) of 0.724 (95%CI 0.558–0.889,
p = 0.037) (Figure 1).

Figure 1. ROC curve for preoperative BR serum level and SSI.
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ROC curve analysis did not show statistically significant results for BR serum cut-
off values to predict postoperative morbidity in general (AUC 0.389, 95%CI 0.251–0.527,
p = 0.118), CDC ≥ III (AUC 0.552, 95%CI 0.421–0.683, p = 0.431), postoperative mortality
(AUC 0.414, 95%CI 0.200–0.627, p = 0.482), POH (AUC 0.437, 95%CI 0.245–0.629, p = 0.499),
IAA (AUC 0.514, 95%CI 0.377–0.652, p = 0.848), clinically significant POPF (AUC 0.497,
95%CI 0.253–0.740, p = 0.977), clinically significant DGE (AUC 0.500, 95%CI 0.376–0.624,
p = 0.997), and readmission (AUC 0.533, 95%CI 0.415–0.651, p = 0.583).

3.3. Histopathological Characteristics

The median tumor size was 2.55 cm for group 1 (IQR 2.4–3.5) and 3.2 cm (IQR 2.675–4)
for group 2 (p = 0.036). There was a significant difference in lymphovascular invasion
between the two groups (90.9% vs. 75%, p = 0.031); however, there were no significant
differences in tumor staging (p = 0.501), lymph node invasion (81.8% vs. 76.2%, p = 0.464),
perineural invasion (95.5% vs. 88.1%, p = 0.217), and in positive surgical resection margins
(50% vs. 53.6%, p = 0.701). See Supplementary Materials for detailed results.

3.4. Follow-up and Survival

The median follow-up time for all patients was 15.5 months (IQR 7.25–30.75), 15 months
for group 1 and 16 months for group 2. For group 1.1, the median follow-up time was
17 months, and, for group 1.2, it was 13 months. The median OS was 18 months, and the
OS survival rate at 3 and 5 years was 28.6% and 18.5%, respectively. For groups 1 and 2,
the median OS was 20 and 18 months (p = 0.833), and, for groups 1.1 and 1.2, it was 24 and
14 months (p = 0.258), respectively. The OS rate at 5 years was 18.1% and 18.5% for groups
1 and 2, and it was 18.2% and 18.5% for groups 1.1 and 1.2, respectively.

Of the 128 patients, 70 (61.9%) had a relapse by the time of analysis, but no sta-
tistically significant differences were found between the relapse rate of groups 1 and 2
(66.7% vs. 59.5%, p = 0.453) and groups 1.1 and 1.2 (66.7% in each group, p = 1.000). Of the
70 patients, 42 (60%) had hepatic recurrence, 29 (41.4%) had local recurrence, 29 (41.4%)
had pulmonary recurrence, and 14 (20%) has peritoneal recurrence. Regarding pulmonary
recurrence, groups 1 and 2 differed significantly (57.7% vs. 31.8%, p = 0.048), with no
significant differences in local recurrence (50% vs. 36.4%, p = 0.297), hepatic recurrence
(57.7% vs. 61.4%, p = 0.587), and peritoneal recurrence (19.1% vs. 20.5%, p = 0.828). Results
for groups 1.1 and 1.2 were as follows: local recurrence (50% vs. 50%, p = 1.000), pulmonary
recurrence (68.8% vs. 40%, p = 0.228), hepatic recurrence (43.8% vs. 80%, p = 1.09), and
peritoneal recurrence (12.5% vs. 30%, p = 0.340).

Median DFS was 9 months, with a 3-year DFS rate of 2.9% and a 5-year DFS rate
of 1.4%. For groups 1 and 2, the median DFS was 10 and 8 months (p = 0.192), and, for
groups 1.1 and 1.2, it was 10 and 5 months (p = 0.017), respectively (Figure 2). The DFS
rate at 5 years was 3.8% and 0% for groups 1 and 2 and 6.3% and 0% for groups 1.1 and
1.2, respectively. Univariate regression showed that patients in group 1.2 had a 2.559-fold
increased risk of having an early recurrence (HR 2.559, 95%IC 1.092–5.994, p = 0.031).

Figure 2. Kaplan–Meier curves for DFS in groups 1.1 and 1.2.
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4. Discussion

CPD is the only curative treatment for cephalic PDAC, although it still has high post-
operative morbidity and mortality. Prevention of complications following this procedure
is very important since these can decrease access to adjuvant therapy and, consequently,
increase recurrence and decrease OS [34].

In our cohort of 128 patients, 34.4% underwent PBD, mostly by ERCP (61.7%). ERCP
and PTC for PBD were compared in a randomized trial, and higher success rates and lower
complications were seen in the endoscopic group (19 vs. 67%) [12], which agrees with our
study, where there was a 37% drainage-related complication rate in group 1.1 and 64.7%
in group 1.2 (p = 0.074). On the contrary, a metanalysis found lower procedure-related
complication rates in the percutaneous group (OR = 44, 95%CI 0.23–0.84, p = 0.01) [35], and
another study found similar complication rates between the two procedures [36]. These
studies do not include only patients with PDAC, which is contrary to ours.

The bile cultures were positive in 45.5% of the patients submitted to PBD and in only
3.6% of patients who did not undergo PBD (p < 0.001), but we could not find significant
differences in multidrug-resistant bacteria positivity between the two groups. Patients
submitted to ERCP had a higher positivity rate than those undergoing PTC (55.6% vs. 29.4%,
p = 0.130). A prospective cohort study confirmed the high incidence of positive bile cultures
in patients submitted to PBD (98.2% vs. 25.9%, p < 0.001) and that the performance of ERCP
increases this risk. Moreover, it showed the lack of correlation between contamination of
intraoperative bile cultures and abdominal infectious complications and that the complete
concordance of bile and organ space infections is low [37], which probably could make us
reconsider the need for routine performance of intraoperative bile cultures.

Performing PBD did not influence postoperative morbidity and mortality in our study.
Two metanalyses concluded that PBD increases postoperative morbidity without influencing
postoperative mortality [16,21]. Likewise, in our study, there was no significant association
with the development of clinically significant POPF, POH, and IAA, which are results that
agree with the literature [9,16,21,22,25], nor with the development of SSI, a discordant re-
sult [9,16,21,22,25,38]. Suragul et al. identified PBD as an independent risk procedure for
the development of SSI after pancreaticoduodenectomy (OR 3.04, 95%CI 1.36–6.79, p < 0.05)
but not for organ/space infection (IAA) [27]. In our study, PBD also did not influence the
development of clinically significant DGE. The literature is more controversial regarding this
subject, as one metanalysis reported an increased incidence of PBD-related DGE (OR 1.21,
95%CI 1.03–1.42, p = 0.02) [16], while other studies stated the opposite [9,22,25].

Regarding perioperative blood transfusions, the study by Ray et al. showed no signifi-
cant differences whether patients underwent PBD or not (25.7% vs. 21.8%, p = 0.408) [25].
Mezhir et al. obtained the same results, however, and found that patients undergoing PBD
lost more blood during the surgical procedure [38], and Santos et al. reported that intraoper-
ative bleeding was less significant in patients submitted to PBD [11]. In our study, although
we had no records of the amount of blood lost during the surgical procedures, it was
found that PBD was associated with a greater need for blood transfusions (47.7% vs. 28.6%,
p = 0.031). This result is controversial yet supported by other studies [39,40]. This group
of patients can have transient hemobilia as post-PBD bleeding [41]. Perioperative blood
transfusions have been shown to reduce patients’ OS [42,43] and seem to be a prognostic
factor in PDAC patients undergoing surgical resection [39,40].

This study found a significant association between PBD and lymphovascular invasion,
which is a well-characterized, independent prognostic factor for PDAC [44–46]. A study by
Ahn et al. assessed the impact of PBD on the prognosis of the ampulla of Vater carcinoma
patients and, despite not having statistically significant results, found that 79.5% of patients
undergoing ERCP, compared to 58.8% of non-drained patients, had lymphovascular inva-
sion [47]. However, the association between PBD and lymphovascular invasion in PDAC
is, to our knowledge, still not studied in the literature.

Using the ACS NSQIP Surgical Risk Calculator, patients drained using PTC had a
preoperative higher probability of postoperative morbidity, sepsis, death, and readmis-
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sion. However, our study did not show significant differences in postoperative morbidity,
mortality, readmission, grade B or C POPF, IAA, POH, or SSI. Patients submitted to PTC
(group 1.2) had a significant increase in CDC ≥ III (59.3% vs. 88.2%, p = 0.040). Those
undergoing PBD by ERCP (group 1.1) developed clinically significant DGE more frequently
(44.4% vs. 5.9%, p = 0.014), although the preoperative probability of this complication was
not significantly higher according to the ACS NSQIP Surgical Risk Calculator. As pre-
viously reported by Wu et al. [48], these patients had an increase in the rate of IAA in
our study, although this was not statistically significant. In a metanalysis by Dorcaratto
et al. the drainage route was found to be unrelated to the development of clinically sig-
nificant postoperative complications, POPF, SSI, and postoperative mortality; however,
the PTC group had fewer overall postoperative morbidity [35]. El-Haddad et al. reported
that the drainage route was unrelated to the development of SSI, POH, DGE, POPF, and
postoperative mortality [49].

Our results showed that PBD does not significantly influence OS and DFS. These
results agree with some studies [23,50–53] and disagree with others [39,54]. Interestingly,
although it does not influence DFS or recurrence rates overall, it was found that patients
undergoing PBD have higher rates of pulmonary recurrence (57.7% vs. 31.8%, p = 0.048).
Studies show that the lung is the most common metastatic site among long-term survivors
with PDAC [55,56]. Metastatic organotropism to the lung might be related, among other fac-
tors, to immune features (like an inflammatory phenotype) [57]. We hypothesize that biliary
drainage causes inflammation that could promote tumor progression and metastasis [58].

Likewise, there was no significant difference in the recurrence rates for patients un-
dergoing PBD by ERCP or PTC. However, patients drained using PTC had a significantly
lower DFS compared to patients undergoing ERCP (10 vs. 5 months, p = 0.017), contrary to
some reports [53], without a significant difference in OS (24 vs. 14 months, p = 0.258), which
disagrees with some studies [39,40,59] but agrees with another [50]. Those submitted to
PTC also had higher rates of hepatic and peritoneal recurrence, which may be due to the
procedure itself, because, during its performance, it can cause intrahepatic and peritoneal
dissemination of neoplastic cells, as shown previously [60]. Although without statistical
significance in our study, this result may have an important clinical impact and agrees with
the literature [39,40,59,60].

We are aware of some limitations of this study. First, its retrospective and unicentric
design can induce some biases, particularly limited control in obtaining the patients’
sample and consulting patient’s records, the fact that some patients may have undergone
PBD outside our hospital and even before evaluation by a surgeon, and the lack of clear
indications for PBD and the drainage route. Second, we analyzed preoperative biological
data but not the delay between PBD and blood tests, and our database did not include
the duration of preoperative jaundice or BR level before PBD. In addition, due to the low
number of patients, we could not specify our results according to the type of drainage
material, type of biliary stent (plastic stent vs. self-expandable metal stent), or type of drain
(external drain or mixed drain). Finally, the fact that the sample size was small and included
patients over a long period of time, during which surgical techniques, perioperative care,
and adjuvant therapies have evolved, can influence the results.

In conclusion, in this sample of PDAC patients, PBD is associated with a significant
increase in the bacterial colonization of bile, without a significant rise in postoperative
morbidity and mortality or influence on survival. ERCP increases bile colonization and
seems to contribute to a clinically relevant DGE after CPD. Patients undergoing PBD by
PTC have an earlier recurrence and have higher rates of hepatic and peritoneal recurrence.
For these reasons, a clear definition of PBD indications is essential.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/diagnostics13071281/s1; Table S1: comparison between patients undergoing preoperative
biliary drainage (group 1) and those not submitted to this procedure (group 2); Table S2: comparison
between patients undergoing preoperative biliary drainage by endoscopic retrograde cholangiopancre-
atography (ERCP) (group 1.1) and by percutaneous transhepatic cholangiography (PTC) (group 1.2).

https://www.mdpi.com/article/10.3390/diagnostics13071281/s1
https://www.mdpi.com/article/10.3390/diagnostics13071281/s1


Diagnostics 2023, 13, 1281 8 of 10

Author Contributions: All authors contributed to the study conception and design. Data collection
was performed by M.J.A., J.F., M.A. and M.S. Material preparation, analysis, and interpretation were
performed by M.J.A., J.F., M.S. and R.C.O. The first draft of the manuscript was written by M.J.A. and
all authors commented and participated in the writing and approved its final version. P.D. and J.G.T.
supervised the work. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics Committee of Centro Hospitalar e
Universitário de Coimbra (CHUC-140-20).

Informed Consent Statement: Informed consent was waved.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article (and its Supplementary Materials).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Khalaf, N.; El-Serag, H.B.; Abrams, H.R.; Thrift, A.P. Burden of Pancreatic Cancer: From Epidemiology to Practice. Clin.

Gastroenterol. Hepatol. 2021, 19, 876–884. [CrossRef] [PubMed]
2. Rawla, P.; Sunkara, T.; Gaduputi, V. Epidemiology of Pancreatic Cancer: Global Trends, Etiology and Risk Factors. World J. Oncol.

2019, 10, 10–27. [CrossRef] [PubMed]
3. Heumann, T.; Azad, N. Next-generation immunotherapy for pancreatic ductal adenocarcinoma: Navigating pathways of immune

resistance. Cancer Metastasis Rev. 2021, 40, 837–862. [CrossRef] [PubMed]
4. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
5. Mizrahi, J.D.; Surana, R.; Valle, J.W.; Shroff, R.T. Pancreatic cancer. Lancet 2020, 395, 2008–2020. [CrossRef]
6. Vincent, A.; Herman, J.; Schulick, R.; Hruban, R.H.; Goggins, M. Pancreatic cancer. Lancet 2011, 378, 607–620. [CrossRef]
7. Wang, J.D.; Jin, K.; Chen, X.Y.; Lv, J.Q.; Ji, K.W. Clinicopathological significance of SMAD4 loss in pancreatic ductal adenocarcino-

mas: A systematic review and meta-analysis. Oncotarget 2017, 8, 16704–16711. [CrossRef]
8. Gao, Z.; Wang, J.; Shen, S.; Bo, X.; Suo, T.; Ni, X.; Liu, H.; Huang, L.; Liu, H. The impact of preoperative biliary drainage on

postoperative outcomes in patients with malignant obstructive jaundice: A retrospective analysis of 290 consecutive cases at a
single medical center. World J. Surg. Oncol. 2022, 20, 7. [CrossRef]

9. De Pastena, M.; Marchegiani, G.; Paiella, S.; Malleo, G.; Ciprani, D.; Gasparini, C.; Secchettin, E.; Salvia, R.; Gabbrielli, A.;
Bassi, C. Impact of preoperative biliary drainage on postoperative outcome after pancreaticoduodenectomy: An analysis of
1500 consecutive cases. Dig. Endosc. 2018, 30, 777–784. [CrossRef]

10. Crinò, S.F.; Conti Bellocchi, M.C.; Di Mitri, R.; Inzani, F.; Rimbas, , M.; Lisotti, A.; Manfredi, G.; Teoh, A.Y.B.; Mangiavillano, B.;
Sendino, O.; et al. Wet-suction versus slow-pull technique for endoscopic ultrasound-guided fine-needle biopsy: A multicenter,
randomized, crossover trial. Endoscopy 2022, 55, 225–234. [CrossRef]

11. Costa Santos, M.; Cunha, C.; Velho, S.; Ferreira, A.O.; Costa, F.; Ferreira, R.; Loureiro, R.; Santos, A.A.; Maio, R.; Cravo,
M. Preoperative biliary drainage in patients performing pancreaticoduodenectomy: Guidelines and real-life practice. Acta
Gastroenterol. 2019, 82, 389–395.

12. Nehme, F.; Lee, J.H. Preoperative biliary drainage for pancreatic cancer. Dig. Endosc. 2022, 34, 428–438. [CrossRef]
13. Moole, H.; Bechtold, M.; Puli, S.R. Efficacy of preoperative biliary drainage in malignant obstructive jaundice: A meta-analysis

and systematic review. World J. Surg. Oncol. 2016, 14, 182. [CrossRef]
14. Barnett, S.A.; Collier, N.A. Pancreaticoduodenectomy: Does preoperative biliary drainage, method of pancreatic reconstruction or

age influence perioperative outcome? A retrospective study of 104 consecutive cases. ANZ J. Surg. 2006, 76, 563–568. [CrossRef]
15. Jagannath, P.; Dhir, V.; Shrikhande, S.; Shah, R.C.; Mullerpatan, P.; Mohandas, K.M. Effect of preoperative biliary stenting on

immediate outcome after pancreaticoduodenectomy. Br. J. Surg. 2005, 92, 356–361. [CrossRef]
16. Gong, L.; Huang, X.; Wang, L.; Xiang, C. The effect of preoperative biliary stents on outcomes after pancreaticoduodenectomy: A

meta-analysis. Medicine 2020, 99, e22714. [CrossRef]
17. Van der Gaag, N.A.; Rauws, E.A.; van Eijck, C.H.; Bruno, M.J.; van der Harst, E.; Kubben, F.J.; Gerritsen, J.J.; Greve, J.W.; Gerhards,

M.F.; de Hingh, I.H.; et al. Preoperative biliary drainage for cancer of the head of the pancreas. N. Engl. J. Med. 2010, 362, 129–137.
[CrossRef]

18. Fang, Y.; Gurusamy, K.S.; Wang, Q.; Davidson, B.R.; Lin, H.; Xie, X.; Wang, C. Meta-analysis of randomized clinical trials on safety
and efficacy of biliary drainage before surgery for obstructive jaundice. Br. J. Surg. 2013, 100, 1589–1596. [CrossRef] [PubMed]

19. Fang, Y.; Gurusamy, K.S.; Wang, Q.; Davidson, B.R.; Lin, H.; Xie, X.; Wang, C. Pre-operative biliary drainage for obstructive
jaundice. Cochrane Database Syst. Rev. 2012, 9, Cd005444. [CrossRef]

http://doi.org/10.1016/j.cgh.2020.02.054
http://www.ncbi.nlm.nih.gov/pubmed/32147593
http://doi.org/10.14740/wjon1166
http://www.ncbi.nlm.nih.gov/pubmed/30834048
http://doi.org/10.1007/s10555-021-09981-3
http://www.ncbi.nlm.nih.gov/pubmed/34591243
http://doi.org/10.3322/caac.21660
http://doi.org/10.1016/S0140-6736(20)30974-0
http://doi.org/10.1016/S0140-6736(10)62307-0
http://doi.org/10.18632/oncotarget.14335
http://doi.org/10.1186/s12957-021-02476-z
http://doi.org/10.1111/den.13221
http://doi.org/10.1055/a-1915-1812
http://doi.org/10.1111/den.14081
http://doi.org/10.1186/s12957-016-0933-2
http://doi.org/10.1111/j.1445-2197.2006.03778.x
http://doi.org/10.1002/bjs.4864
http://doi.org/10.1097/MD.0000000000022714
http://doi.org/10.1056/NEJMoa0903230
http://doi.org/10.1002/bjs.9260
http://www.ncbi.nlm.nih.gov/pubmed/24264780
http://doi.org/10.1002/14651858.CD005444.pub3


Diagnostics 2023, 13, 1281 9 of 10

20. Lee, H.; Han, Y.; Kim, J.R.; Kwon, W.; Kim, S.W.; Jang, J.Y. Preoperative biliary drainage adversely affects surgical outcomes in
periampullary cancer: A retrospective and propensity score-matched analysis. J. Hepatobiliary Pancreat. Sci. 2018, 25, 206–213.
[CrossRef]

21. Scheufele, F.; Schorn, S.; Demir, I.E.; Sargut, M.; Tieftrunk, E.; Calavrezos, L.; Jäger, C.; Friess, H.; Ceyhan, G.O. Preoperative
biliary stenting versus operation first in jaundiced patients due to malignant lesions in the pancreatic head: A meta-analysis of
current literature. Surgery 2017, 161, 939–950. [CrossRef] [PubMed]

22. Sahora, K.; Morales-Oyarvide, V.; Ferrone, C.; Fong, Z.V.; Warshaw, A.L.; Lillemoe, K.D.; Fernández-del Castillo, C. Preoperative
biliary drainage does not increase major complications in pancreaticoduodenectomy: A large single center experience from the
Massachusetts General Hospital. J. Hepatobiliary Pancreat. Sci. 2016, 23, 181–187. [CrossRef] [PubMed]

23. Di Mola, F.F.; Tavano, F.; Rago, R.R.; De Bonis, A.; Valvano, M.R.; Andriulli, A.; di Sebastiano, P. Influence of preoperative biliary
drainage on surgical outcome after pancreaticoduodenectomy: Single centre experience. Langenbecks Arch. Surg. 2014, 399,
649–657. [CrossRef] [PubMed]

24. Sugara, M.; Peruvaje, V.; Krishnamurthy, S.; Kumar, K.V.V.; Chowdappa, R. Effect of Preoperative Biliary Stenting on Outcomes
of Pancreaticoduodenectomy. Indian J. Surg. Oncol. 2021, 12, 554–560. [CrossRef]

25. Ray, S.; Das, S.; Mandal, T.S.; Jana, K.; Das, R.; Kumar, D.; Ansari, Z.; Khamrui, S. Perioperative outcome of Whipple’s procedure
with special attention to the impact of preoperative biliary drainage: A real-life scenario. Updat. Surg. 2021, 73, 1735–1745.
[CrossRef]

26. Bhatti, A.B.H.; Jafri, R.Z.; Khan, M.K.; Dar, F.S. Preoperative Endoscopic Biliary Stenting Before Pancreaticoduodenectomy: Does
Timing Matter? Surg. Innov. 2021, 28, 567–572. [CrossRef]

27. Suragul, W.; Rungsakulkij, N.; Vassanasiri, W.; Tangtawee, P.; Muangkaew, P.; Mingphruedhi, S.; Aeesoa, S. Predictors of surgical
site infection after pancreaticoduodenectomy. BMC Gastroenterol. 2020, 20, 201. [CrossRef]

28. Versteijne, E.; van Dam, J.L.; Suker, M.; Janssen, Q.P.; Groothuis, K.; Akkermans-Vogelaar, J.M.; Besselink, M.G.; Bonsing, B.A.;
Buijsen, J.; Busch, O.R.; et al. Neoadjuvant Chemoradiotherapy Versus Upfront Surgery for Resectable and Borderline Resectable
Pancreatic Cancer: Long-Term Results of the Dutch Randomized PREOPANC Trial. J. Clin. Oncol. 2022, 40, 1220–1230. [CrossRef]

29. Roche, S.P.; Kobos, R. Jaundice in the adult patient. Am. Fam. Physician 2004, 69, 299–304.
30. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of

6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]
31. Wente, M.N.; Bassi, C.; Dervenis, C.; Fingerhut, A.; Gouma, D.J.; Izbicki, J.R.; Neoptolemos, J.P.; Padbury, R.T.; Sarr, M.G.;

Traverso, L.W.; et al. Delayed gastric emptying (DGE) after pancreatic surgery: A suggested definition by the International Study
Group of Pancreatic Surgery (ISGPS). Surgery 2007, 142, 761–768. [CrossRef]

32. Bassi, C.; Marchegiani, G.; Dervenis, C.; Sarr, M.; Abu Hilal, M.; Adham, M.; Allen, P.; Andersson, R.; Asbun, H.J.; Besselink,
M.G.; et al. The 2016 update of the International Study Group (ISGPS) definition and grading of postoperative pancreatic fistula:
11 Years After. Surgery 2017, 161, 584–591. [CrossRef]

33. World Medical Association. Declaration of Helsinki: Ethical principles for medical research involving human subjects. JAMA
2013, 310, 2191–2194. [CrossRef]

34. Strobel, O.; Neoptolemos, J.; Jäger, D.; Büchler, M.W. Optimizing the outcomes of pancreatic cancer surgery. Nat. Rev. Clin. Oncol.
2019, 16, 11–26. [CrossRef]

35. Dorcaratto, D.; Hogan, N.M.; Muñoz, E.; Garcés, M.; Limongelli, P.; Sabater, L.; Ortega, J. Is Percutaneous Transhepatic Biliary
Drainage Better than Endoscopic Drainage in the Management of Jaundiced Patients Awaiting Pancreaticoduodenectomy? A
Systematic Review and Meta-Analysis. J. Vasc. Interv. Radiol. 2018, 29, 676–687. [CrossRef]

36. Leng, J.J.; Zhang, N.; Dong, J.H. Percutaneous transhepatic and endoscopic biliary drainage for malignant biliary tract obstruction:
A meta-analysis. World J. Surg. Oncol. 2014, 12, 272. [CrossRef]

37. Groen, J.V.; Droogh, D.H.M.; de Boer, M.G.J.; van Asten, S.A.V.; van Prehn, J.; Inderson, A.; Vahrmeijer, A.L.; Bonsing, B.A.; Mieog,
J.S. Clinical implications of bile cultures obtained during pancreatoduodenectomy: A cohort study and meta-analysis. HPB 2021,
23, 1123–1133. [CrossRef]

38. Mezhir, J.J.; Brennan, M.F.; Baser, R.E.; D’Angelica, M.I.; Fong, Y.; DeMatteo, R.P.; Jarnagin, W.; Allen, P. A matched case-control
study of preoperative biliary drainage in patients with pancreatic adenocarcinoma: Routine drainage is not justified. J. Gastrointest.
Surg. 2009, 13, 2163–2169. [CrossRef]

39. Murakami, Y.; Uemura, K.; Hashimoto, Y.; Kondo, N.; Nakagawa, N.; Sasaki, H.; Hatano, N.; Kohmo, T.; Sueda, T. Does
preoperative biliary drainage compromise the long-term survival of patients with pancreatic head carcinoma? J. Surg. Oncol.
2015, 111, 270–276. [CrossRef]

40. Uemura, K.; Murakami, Y.; Satoi, S.; Sho, M.; Motoi, F.; Kawai, M.; Matsumoto, I.; Honda, G.; Kurata, M.; Yanagimoto, H.; et al.
Impact of Preoperative Biliary Drainage on Long-Term Survival in Resected Pancreatic Ductal Adenocarcinoma: A Multicenter
Observational Study. Ann. Surg. Oncol. 2015, 22 (Suppl. S3), S1238–S1246. [CrossRef]

41. Quencer, K.B.; Tadros, A.S.; Marashi, K.B.; Cizman, Z.; Reiner, E.; O’Hara, R.; Oklu, R. Bleeding after Percutaneous Transhepatic
Biliary Drainage: Incidence, Causes and Treatments. J. Clin. Med. 2018, 7, 94. [CrossRef] [PubMed]

42. Mavros, M.N.; Xu, L.; Maqsood, H.; Gani, F.; Ejaz, A.; Spolverato, G.; Al-Refaie, W.B.; Frank, S.M.; Pawlik, T.M. Perioperative
Blood Transfusion and the Prognosis of Pancreatic Cancer Surgery: Systematic Review and Meta-Analysis. Ann. Surg. Oncol.
2015, 22, 4382–4391. [CrossRef] [PubMed]

http://doi.org/10.1002/jhbp.529
http://doi.org/10.1016/j.surg.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28043693
http://doi.org/10.1002/jhbp.322
http://www.ncbi.nlm.nih.gov/pubmed/26768943
http://doi.org/10.1007/s00423-014-1184-8
http://www.ncbi.nlm.nih.gov/pubmed/24682374
http://doi.org/10.1007/s13193-021-01387-5
http://doi.org/10.1007/s13304-021-01038-y
http://doi.org/10.1177/1553350620975887
http://doi.org/10.1186/s12876-020-01350-8
http://doi.org/10.1200/JCO.21.02233
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1016/j.surg.2007.05.005
http://doi.org/10.1016/j.surg.2016.11.014
http://doi.org/10.1001/jama.2013.281053
http://doi.org/10.1038/s41571-018-0112-1
http://doi.org/10.1016/j.jvir.2017.12.027
http://doi.org/10.1186/1477-7819-12-272
http://doi.org/10.1016/j.hpb.2020.10.028
http://doi.org/10.1007/s11605-009-1046-9
http://doi.org/10.1002/jso.23797
http://doi.org/10.1245/s10434-015-4618-9
http://doi.org/10.3390/jcm7050094
http://www.ncbi.nlm.nih.gov/pubmed/29723964
http://doi.org/10.1245/s10434-015-4823-6
http://www.ncbi.nlm.nih.gov/pubmed/26293837


Diagnostics 2023, 13, 1281 10 of 10

43. Park, H.M.; Park, S.J.; Shim, J.R.; Lee, E.C.; Lee, S.D.; Han, S.S.; Kim, S.H. Perioperative transfusion in pancreatoduodenectomy:
The double-edged sword of pancreatic surgeons. Medicine 2017, 96, e9019. [CrossRef] [PubMed]

44. Takahashi, H.; Katsuta, E.; Yan, L.; Tokumaru, Y.; Katz, M.H.G.; Takabe, K. Transcriptomic Profile of Lymphovascular Invasion, a
Known Risk Factor of Pancreatic Ductal Adenocarcinoma Metastasis. Cancers 2020, 12, 2033. [CrossRef]

45. Epstein, J.D.; Kozak, G.; Fong, Z.V.; He, J.; Javed, A.A.; Joneja, U.; Jiang, W.; Ferrone, C.R.; Lillemoe, K.D.; Cameron, J.L.; et al.
Microscopic lymphovascular invasion is an independent predictor of survival in resected pancreatic ductal adenocarcinoma.
J. Surg. Oncol. 2017, 116, 658–664. [CrossRef]

46. Groot, V.P.; Gemenetzis, G.; Blair, A.B.; Rivero-Soto, R.J.; Yu, J.; Javed, A.A.; Burkhart, R.A.; Rinkes, I.H.; Molenaar, I.Q.; Cameron,
J.L.; et al. Defining and Predicting Early Recurrence in 957 Patients with Resected Pancreatic Ductal Adenocarcinoma. Ann. Surg.
2019, 269, 1154–1162. [CrossRef]

47. Ahn, K.S.; Kang, K.J.; Kim, Y.H.; Lee, Y.S.; Cho, G.B.; Kim, T.S.; Lee, J.W. Impact of preoperative endoscopic cholangiography and
biliary drainage in Ampulla of Vater cancer. Surg. Oncol. 2018, 27, 82–87. [CrossRef]

48. Wu, J.M.; Ho, T.W.; Yen, H.H.; Wu, C.H.; Kuo, T.C.; Yang, C.Y.; Tien, Y.W. Endoscopic Retrograde Biliary Drainage Causes
Intra-Abdominal Abscess in Pancreaticoduodenectomy Patients: An Important but Neglected Risk Factor. Ann. Surg. Oncol. 2019,
26, 1086–1092. [CrossRef]

49. El-Haddad, H.M.; Sabry, A.A.; Shehata, G.M. Endoscopic versus percutaneous biliary drainage for resectable pancreatic head
cancer with hyperbilirubinemia and impact on pancreaticoduodenectomy: A randomized controlled study. Int. J. Surg. 2021,
93, 106043. [CrossRef]

50. Smith, R.A.; Dajani, K.; Dodd, S.; Whelan, P.; Raraty, M.; Sutton, R.; Campbell, F.; Neoptolemos, J.P.; Ghaneh, P. Preoperative reso-
lution of jaundice following biliary stenting predicts more favourable early survival in resected pancreatic ductal adenocarcinoma.
Ann. Surg. Oncol. 2008, 15, 3138–3146. [CrossRef]

51. Furukawa, K.; Shiba, H.; Shirai, Y.; Horiuchi, T.; Iwase, R.; Haruki, K.; Fujiwara, Y.; Misawa, T.; Yanaga, K. Negative Impact of
Preoperative Endoscopic Biliary Drainage on Prognosis of Pancreatic Ductal Adenocarcinoma After Pancreaticoduodenectomy.
Anticancer Res. 2015, 35, 5079–5083.

52. Eshuis, W.J.; van der Gaag, N.A.; Rauws, E.A.; van Eijck, C.H.; Bruno, M.J.; Kuipers, E.J.; Coene, P.P.; Kubben, F.J.; Gerritsen, J.J.;
Greve, J.W.; et al. Therapeutic delay and survival after surgery for cancer of the pancreatic head with or without preoperative
biliary drainage. Ann. Surg. 2010, 252, 840–849. [CrossRef]

53. Shen, Z.; Zhang, J.; Chen, H.; Wang, W.; Xu, W.; Lu, X.; Zhou, Y.; Zhao, S.; Xu, Z.; Deng, X.; et al. Does Pre-operative Biliary
Drainage Influence Long-Term Survival in Patients with Obstructive Jaundice with Resectable Pancreatic Head Cancer? Front.
Oncol. 2020, 10, 575316. [CrossRef]

54. Macías, N.; Sayagués, J.M.; Esteban, C.; Iglesias, M.; González, L.M.; Quiñones-Sampedro, J.; Gutiérrez, M.L.; Corchete, L.A.;
Abad, M.M.; Bengoechea, O.; et al. Histologic Tumor Grade and Preoperative Bilary Drainage are the Unique Independent
Prognostic Factors of Survival in Pancreatic Ductal Adenocarcinoma Patients after Pancreaticoduodenectomy. J. Clin. Gastroenterol.
2018, 52, e11–e17. [CrossRef]

55. Wu, L.; Zhu, L.; Xu, K.; Zhou, S.; Zhou, Y.; Zhang, T.; Hang, J.; Zee, B.C.Y. Clinical significance of site-specific metastases in
pancreatic cancer: A study based on both clinical trial and real-world data. J. Cancer. 2021, 12, 1715–1721. [CrossRef]

56. Guerra, F.; Barucca, V.; Coletta, D. Metastases or primary recurrence to the lung is related to improved survival of pancreatic
cancer as compared to other sites of dissemination. Results of a systematic review with meta-analysis. Eur. J. Surg. Oncol. 2020,
46, 1789–1794. [CrossRef]

57. Kruger, S.F.; Lohneis, A.; Abendroth, A.; Berger, A.W.; Ettrich, T.J.; Waidmann, O.; Kapp, M.; Steiner, B.; Kumbrink, J.; Reischer,
A.; et al. Prognosis and tumor biology of pancreatic cancer patients with isolated lung metastases: Translational results from the
German multicenter AIO-YMO-PAK-0515 study. ESMO Open 2022, 7, 100388. [CrossRef]

58. Zhao, H.; Wu, L.; Yan, G.; Chen, Y.; Zhou, M.; Wu, Y.; Li, Y. Inflammation and tumor progression: Signaling pathways and
targeted intervention. Signal Transduct. Target. Ther. 2021, 6, 263. [CrossRef]

59. Strom, T.J.; Klapman, J.B.; Springett, G.M.; Meredith, K.L.; Hoffe, S.E.; Choi, J.; Hodul, P.; Malafa, M.P.; Shridhar, R. Comparative
long-term outcomes of upfront resected pancreatic cancer after preoperative biliary drainage. Surg. Endosc. 2015, 29, 3273–3281.
[CrossRef]

60. Wang, L.; Lin, N.; Xin, F.; Ke, Q.; Zeng, Y.; Liu, J. A systematic review of the comparison of the incidence of seeding metastasis
between endoscopic biliary drainage and percutaneous transhepatic biliary drainage for resectable malignant biliary obstruction.
World J. Surg. Oncol. 2019, 17, 116. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1097/MD.0000000000009019
http://www.ncbi.nlm.nih.gov/pubmed/29245285
http://doi.org/10.3390/cancers12082033
http://doi.org/10.1002/jso.24723
http://doi.org/10.1097/SLA.0000000000002734
http://doi.org/10.1016/j.suronc.2017.12.002
http://doi.org/10.1245/s10434-019-07189-y
http://doi.org/10.1016/j.ijsu.2021.106043
http://doi.org/10.1245/s10434-008-0148-z
http://doi.org/10.1097/SLA.0b013e3181fd36a2
http://doi.org/10.3389/fonc.2020.575316
http://doi.org/10.1097/MCG.0000000000000793
http://doi.org/10.7150/jca.50317
http://doi.org/10.1016/j.ejso.2020.06.013
http://doi.org/10.1016/j.esmoop.2022.100388
http://doi.org/10.1038/s41392-021-00658-5
http://doi.org/10.1007/s00464-015-4075-3
http://doi.org/10.1186/s12957-019-1656-y

	Introduction 
	Materials and Methods 
	Study Design 
	Statistical Analysis 

	Results 
	Preoperative Biliary Drainage 
	Intraoperative Variables and Postoperative Complications 
	Histopathological Characteristics 
	Follow-up and Survival 

	Discussion 
	References

