
Introduction
Patients with periampullary tumors frequently present with ob-
structive jaundice, which eventually leads to hepatic dysfunc-
tion, coagulopathy, biliary infections, malabsorption, and other

digestive impairments [1–5]. Endoscopic biliary drainage is
widely available and can be readily executed, and is therefore
frequently utilized to relieve biliary obstruction, thereby opti-
mizing the patient’s physical status and quality of life prior to
radical surgery. Whereas earlier retrospective as well as pro-
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ABSTRACT

Background and study aims Preoperative biliary drain-

age in patients with periampullary tumors and jaundice

has been popularized to improve the quality of life and

minimize the risks associated with subsequent radical sur-

gery. The aim of this study was to investigate the possible

superiority of self-expandable metal stents (SEMS) over

plastic stents, by comparing the amount of bacteria in in-

traoperatively collected bile and using this variable as a

proxy for the efficacy of the respective biliary drainage

modalities.

Patients and methods In this randomized clinical trial, 92

patients with obstructive jaundice were enrolled; 45 were

allocated to the plastic stent group and 47 to the SEMS

group. The primary outcome was the extent and magnitude

of biliary bacterial growth at the time of surgical explora-

tion. Secondary outcomes were: macroscopic grading of in-

flammation of the stented bile ducts, occurrence of adverse

events after stenting, stent dysfunction, recognized surgi-

cal complexities, and incidence of postoperative complica-

tions.

Results The patients were well matched regarding clinical

and disease-specific characteristics. At surgery, there were

no group differences in the bacterial amount and composi-

tion of the bile cultures or the perceived difficulty of surgi-

cal dissection. During the preoperative biliary drainage

period, more instances of stent dysfunction requiring stent

replacement were recorded in the plastic stent group (19%

vs. 0%; P=0.03). Postoperative complications in patients

who underwent curative surgery were more common in pa-

tients with plastic stents (72% vs. 52%), among which clini-

cally significant leakage from the pancreatic anastomoses

seemed to predominate (12% vs. 3.7%); however, none of

these differences in postoperative adverse events reached

statistical significance.

Conclusion This randomized clinical study was unable to

demonstrate any superiority of SEMS in the efficacy of pre-

operative bile drainage, as assessed by the amount of bac-

teria in the intraoperatively collected bile. However, some

data in favor of SEMS were observed among the clinical sec-

ondary outcomes variables (preoperative stent exchange

rates) without increases in local inflammatory reactions.

Trial registered at ClinicalTrials.gov (NCT00501176).
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spective series have reported a significant benefit of re-estab-
lishing the enterohepatic bile salt circulation in terms of re-
duced postoperative morbidity and mortality compared with
untreated jaundiced patients [1–5], other series have conver-
sely reported an increase in major surgical complications, and
even mortality, in patients undergoing such drainage [6–16].
Although several clinical studies have reported that biliary
drainage brings favorable outcome pathophysiologically, the
clinical relevance of this finding is uncertain. The results of a re-
cent multicenter randomized trial and a subsequent meta-anal-
ysis offer strong support for the view that preoperative biliary
drainage is followed by an increased rate of major complica-
tions. Although many of these complications occurred post-
procedurally (i. e. after stent insertion) rather than after the fi-
nal operation, these authors concluded that preoperative bili-
ary drainage in general should be avoided for resectable tumors
[6, 7, 9, 16]. Nonetheless, in spite of conflicting evidence, biliary
drainage is still used for biliary decompression in selected pa-
tients with cholangitis or severe jaundice prior to radical sur-
gery in many centers, especially for the increasing number of
patients who are offered neoadjuvant therapy for pancreatic
cancer [17]. In addition, the ongoing centralization of pancre-
atic surgery to high-volume centers may prolong the waiting
time for definitive treatment, making biliary decompression in-
evitable, even in patients not eligible for neoadjuvant therapy.

It seems incontrovertible that bactobilia is associated with
increased infectious complications after pancreatectomies,
where measures have to be taken to prevent contamination of
the wound and the abdominal cavity, and that the drainage
techniques used might well contribute to the bacterial contam-
ination rate of the biliary system [18]. In a large series from a
high-volume center, it was claimed that patients with preo-
perative stents experienced significantly higher rates of wound
infections compared with those undergoing surgery without
prior stent placement (10% vs. 4%) [14]. Moreover, bacterial
cultures of infected surgical wounds showed a strong correla-
tion with the microorganisms found on bile cultures obtained
at the time of surgery [14, 19]. Bactobilia caused by stent dys-
function may result in a higher incidence of surgical infectious
complications, but not necessarily in clinically more severe in-
fections [14]. Nonetheless, cultivated amounts and strains of
bacteria of the intrahepatic bile may well act as a marker for
the level of impairment of the enterohepatic circulation of bac-
teria and accordingly function as a sensitive marker of the level
of efficacy of bile drainage.

One important factor behind the divergent opinions about
the efficacy and effect of preoperative biliary drainage is the
type of stent being used. The improved patency of self-expand-
able metal stents (SEMSs) compared with plastic stents has
been proven in large trials for the palliative treatment of pa-
tients with extrahepatic biliary obstruction [20–24]. Whether
SEMSs are superior to plastic stents in the preoperative biliary
drainage setting has to be explored carefully [25, 26]. More-
over, a concern has been expressed about the local reaction in
the hepatoduodenal ligament, induced by SEMS, and the asso-
ciated surgical difficulties related to the precision of the dissec-
tion and withdrawal of the stent [27–29]. Finally, it has been

claimed that covered SEMSs might increase the risk of cholecys-
titis and pancreatitis by blocking the cystic and the pancreatic
duct orifices.

To address these different concerns, we performed a pro-
spective randomized, double-blind study in patients suffering
from jaundice who were undergoing preoperative biliary drain-
age, with either plastic stents or covered SEMSs. The aim of the
study was to investigate the possible superiority of SEMSs over
plastic stents, by comparing the amount of bacteria in intrao-
peratively collected bile and using this variable as a proxy for
the efficacy of the respective biliary drainage modalities.

Patients and methods
The present study compared the insertion of a fully covered
SEMS (Permalume silicone interior covered Platinol stent; Bos-
ton Scientific, Marlborough, Massachusetts, USA) with conven-
tional plastic stents (polyethylene). The endoscopist decided
which SEMS length to use, most commonly 6 cm (n=37), de-
pending on the anatomical circumstances and the length of
the stenosis. At full expansion, all SEMSs reached an inner diam-
eter of 10mm, whereas the plastic stents were 10 Fr and most
often 7 cm in length (n =35).

The inclusion criteria were patients with a resectable peri-
ampullary tumor that was considered suitable for radical sur-
gery and who presented with unrelieved extrahepatic, obstruc-
tive jaundice (bilirubin > 50µmol/L). The exclusion criteria were
unsuccessful cannulation at endoscopic retrograde cholangio-
pancreatography (ERCP), patients who had already been treat-
ed with a stent, patients not fit for major surgery, or patients
staged as unresectable during the pre-randomization work-up.

Patients were included after having signed an informed con-
sent form before the ERCP investigation and were randomized
after introduction of the guidewire into the bile duct. Randomi-
zation was achieved by use of sealed envelopes in blocks of 10
patients. The patient was unaware of the group affiliation, as
was the physician in charge of the management of the patient
post-procedurally. The patients remained in the group to which
they were initially allocated, in an intention-to-treat type of a-
nalysis, even if they were switched to the other stent type (plas-
tic or SEMS) in cases of stent dysfunction that required stent ex-
change.

The patients were thereafter scheduled for surgery within 6
weeks. All patients were evaluated during multidisciplinary
team meetings that took place after the ERCP procedure. Three
patients who at this stage were found to have borderline re-
sectable tumors were offered, and underwent, neoadjuvant
chemotherapy, which postponed the resection to a later date.

Before each ERCP, blood was collected for liver function a-
nalysis (aspartate transaminase, alanine transaminase, alkaline
phosphatase, and bilirubin), white cell count, and C-reactive
protein (CRP). Cholecystitis and cholangitis were defined ac-
cording to Tokyo guidelines using clinical findings, laboratory
values, and diagnostic imaging [30]. Stent dysfunction was de-
fined as an increase in bilirubin > 50µmol/L caused either by oc-
clusion of the stent or by stent migration. In cases of stent re-
placement, the allocated stent type was reinserted if possible.
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Pancreatitis was defined as abdominal pain in conjunction with
elevated amylase at least three times the normal level at a time
point more than 24 hours after the procedure [31].

During the initial part of the operation, the surgeon collec-
ted samples of bile from the common hepatic duct and from
the gallbladder. The bile samples were transferred into culture
media allowing for aerobic as well as anaerobic growth, the re-
sults of which were measured as colony-forming units per milli-
liter of bile (CFU/mL). During the procedure, the surgeon sub-
jectively scored (easy, moderate, severe) the level of complex-
ity of carrying out the lymph node dissection in the region of
the hepatoduodenal ligament, construction of the hepaticoje-
junostomy, as well as the ease by which the stent could be with-
drawn from the opened bile duct. The transection line of the
common hepatic duct was examined through routine hematox-
ylin and eosin staining, after fixation in formalin, and the sever-
ity of inflammation was graded by the pathologist. A lymph
node harvested from the hepatoduodenal ligament close to
the bile duct transection line was also analyzed for the grade
of inflammation (none, mild, moderate or severe). Postopera-
tively, the patients were transferred to a high dependency unit
for dedicated postoperative care according to standard proto-
cols.

A clinically significant pancreatic fistula was defined as a fis-
tula requiring an adjustment in management (grade B) or any
invasive therapeutic intervention (grade C) [32]. Delayed gas-
tric emptying was classified largely according to the scoring
system launched by the International Study Group on Pancreat-
ic Surgery [33]. The postoperative complications were scored
according to Clavien-Dindo [34]. Patients were followed up 4–
6 weeks after surgery with an outpatient appointment.

The primary outcome measure of the study was to quantify
the CFU/mL in bile harvested during surgical exploration. Sec-
ondary outcomes were: stent dysfunction, preoperative macro-
scopic grading of inflammation of the bile ducts, the occur-
rence of adverse events after endoscopic stenting, the surgical
difficulties in extracting the stent, the ease by which the hepa-
toduodenal dissection could be completed and the hepaticoje-

junostomy could be constructed, and the incidence and sever-
ity of postoperative complications.

Statistical analysis and ethics

The required number of enrolled patients was estimated to be
able to detect a 30% lower CFU/mL count in the SEMS group
with a probability of 95% and a power of 80%. In order to
achieve this, a minimum of 60 matched patients needed to un-
dergo surgical exploration and collection of bile samples. Thus,
given the expected number of withdrawals resulting from find-
ings that met the exclusion criteria during the subsequent pre-
operative work-up, at least 90 patients had to be randomized.

The data were analyzed using the statistical software JMP
9.0.0 (SAS Institute, Cary, North Carolina, USA). The demo-
graphic and clinical characteristics, endoscopic adverse events,
intraoperative and postoperative findings, and complications
are reported as medians and range or as number of cases and
percentage of the total. The results of the bacterial cultures
are reported as medians and interquartile range, as well as total
sum of CFU/mL across all cases.

Categorical data were tested with Pearson’s chi-squared test
or Fisher’s exact test when appropriate. When calculating the
differences between means, the Student’s t test was used for
data with a normal distribution. For numerical values not nor-
mally distributed, the Wilcoxon Rank-Sum Test was used. P val-
ues of≤0.05 were considered significant.

The study protocol was approved by the local ethics commit-
tee and written informed consent was received from all partici-
pating patients. All authors had access to the study data, and
reviewed and approved the final manuscript. The trial was re-
gistered at ClinicalTrials.gov (NCT00501176).

Results
A total of 92 jaundiced patients were initially randomized into
the trial, of whom 47 were allocated to receive an SEMS and 45
a plastic stent (▶Fig. 1). During the course of the subsequent
preoperative work-up, 13 SEMS and 11 plastic stent patients

SEMS
27 patients 
curatively 
resected

SEMS
7 noncurative 
operations (2 

double bypass)

SEMS
13 patients 

not operated 
at all 

Plastic stent
32 patients 
curatively 
resected

Plastic stent
2 noncurative 

double 
bypasses 

47 patients 
allocated to SEMS

92 patients randomized 
to SEMS or plastic stent

45 patients 
allocated to plastic stent

Plastic stent 
11 patients 

not operated 
at all 

▶ Fig. 1 Flow chart depicting the allocation of cases to respective study groups. SEMS, self-expandable metal stent.
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were found to be nonresectable and did not undergo surgical
exploration because of presence of either distant metastases
or a locally advanced tumor. In addition, at surgery, which was
performed a median of 6 weeks after randomization, seven
SEMS patients and two plastic stent patients were found to be
nonresectable because of distant metastases or the presence of
a locally advanced tumor, leaving 27 and 32 patients, respec-
tively, to undergo curative resection.

▶Table1 includes all patients who underwent surgery and
shows that the two study groups were well matched regarding
clinical and tumor-related characteristics. The CRP levels were
significantly higher in the SEMS group, but the numerical differ-

ence was clinically modest, only 20 vs. 9 (P=0.01). There were
more men in the plastic stent group (67%) compared with the
SEMS group (50%), but the difference did not reach statistical
significance (P=0.14). ▶Table1 also shows the risk profile of
the pancreas (soft or hard) to develop subsequent leakage
from the pancreaticojejunostomy; no differences in pancreatic
hardness were seen between the two groups.

Details of bile cultures are shown in ▶Table 2, which con-
tains only data from samples taken from the common hepatic
duct, as similar results were observed in bile withdrawn from
the gallbladder. Similar results were captured in SEMS and plas-
tic stent patients with regard to both the total CFU/mL (131000

▶ Table 1 Demographic and clinical characteristics of patients undergoing exploratory surgery.

Plastic stent n=34 SEMS n=34 Pvalue

Patient characteristics

BMI, median (range), kg/m2 24.1 (19.4–38.9) 23.8 (18.4–37.7) 0.40

Age, median (range), years 68 (42–81) 69 (51–81) 0.82

Sex, males, n (%) 23 (67) 17 (50) 0.14

Bilirubin, pre-ERCP, median (range), μmol/L 181 (60–407) 176 (68–398) 0.70

CRP, pre-ERCP, median (range), mg/L 9 (1–103) 20 (1 –181) 0.01

Tumor characteristics

Tumor size, median (range), mm 25 (10–44) 25 (5 –60) 0.89

Length of stenosis, median (range), mm 15 (5 –70) 20 (5 –30) 0.28

Tumor stage (TNM), n (%) n =32 n=33

▪ Stage I 3 (9) 1 (3) 0.61

▪ Stage II 19 (59) 25 (76) 0.13

▪ Stage III 7 (22) 2 (6) 0.15

▪ Stage IV 3 (9) 5 (15) 0.57

Tumor differentiation, n (%)

▪ Well differentiated 0 (0) 1 (4) 0.31

▪ Moderately differentiated 15 (50) 10 (40) 0.21

▪ Poorly differentiated 15 (50) 14 (56) 0.81

Tumor type, n (%)

▪ Pancreatic 27 (79) 29 (85) 0.52

▪ Biliary 2 (6) 1 (3) 0.55

▪ Papillary 4 (12) 3 (9) 0.69

▪ No tumor cells found 1 (3) 0 (0) > 0.99

▪ Duodenal 0 (0) 1 (3) > 0.99

Pancreatic tissue type, n (%) n =25 n=22

▪ Soft 5 (20) 3 (14) 0.70

▪ Intermediate 5 (20) 4 (18) > 0.99

▪ Hard 15 (60) 15 (68) 0.56

SEMS, self-expandable metal stent; BMI, body mass index; ERCP, endoscopic retrograde cholangiopancreatography; CRP, C-reactive protein; TNM, tumor, node,
metastasis classification.
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vs. 110000; P=0.44) and the isolated species of bacteria with
intestinal origin (100000 vs. 100000; P=0.58).

During the preoperative work-up period, significantly more
stent-related complications occurred in the plastic stent group
(▶Table 3), but otherwise no important differences between
the study groups emerged. The stent dysfunction rates (27%
vs. 11%; P=0.05) and stent exchange rates (24% vs. 8%; P=
0.05) in the group of all patients randomized differed signifi-
cantly in favor of SEMS. The statistically significant difference
remained in those patients undergoing curative surgery only
regarding the stent exchange rate (19% vs. 0%; P=0.03), but
not in the stent dysfunction rate (22% vs. 4%; P=0.06). On the
other hand, the risk of post-ERCP pancreatitis was higher in the
SEMS group (21% vs. 6%; P=0.15), but not significantly so.

The intraoperative observations, surgical data, and histolo-
gical findings in the bile duct and adjacent lymph node are sum-
marized in ▶Table4. More patients underwent explorative lap-
arotomy without resection or bypass in the SEMS group (15%
vs. 0%; P=0.05). Otherwise there were no differences (either
in all surgical patients or in only those who underwent curative

surgery), in operational time, perioperative blood loss or tech-
nical difficulties in extracting the stent, creating the anastomo-
sis or the grade of inflammation in the hepatoduodenal liga-
ment, indicating that the different stent types did not affect
the surgery technically.

Histopathologically, there was no difference in the degree of
cholangitis in the ring specimen of bile duct harvested during
surgery, but there was more sinus histiocytosis (foreign body
reaction) in the lymph nodes in the hepatoduodenal ligament
in the plastic stent group (26% vs. 7%; P=0.05). The postopera-
tive course is summarized in ▶Table5, both for the entire
group undergoing exploratory surgery (▶Table 5a) and for
those patients who ultimately underwent curative resection
(▶Table 5b).

Patients undergoing curative surgery who had SEMSs had
fewer complications (52% vs. 72%; P=0.11) and leakages from
the anastomoses (4% vs. 12%; P=0.36) than patients with plas-
tic stents. Similar differences were seen in the group of all sur-
gical patients (overall complications 50% vs. 68%, P=0.14; ana-
stomotic leakage 3% vs. 12%, P=0.36); however, infectious

▶ Table 2 Results of bacterial cultures from intraoperatively collected bile.

Bacterial cultures

Plastic stent (n=27: 1 bypass+26 resections) SEMS (n=24 resections) P value

Bacteria count, median (IQR), CFU/mL

All bacteria species 110000 (100000–200000) 131000 (21050– 210000) 0.44

Gut bacteria 100000 (2000 –160 000) 100000 (11600–160000) 0.58

Most commonly cultured bacteria species (total sum across each study group)

Plastic stent CFU/mL SEMS CFU/mL

Klebsiella spp. 1 450000 Klebsiella spp. 642000

Alpha Streptococcus spp. 721000 Enterococcus spp. 581000

Enterococcus spp. 510000 Alpha Streptococcus spp. 389000

Enterobacteriacae spp. 543000 Serratia spp. 310000

Eschericia coli 111000 Enterobacteriacae spp. 211000

Hemophilus spp. 101000 Eschericia coli 205000

Hafnia spp. 100000 Hafnia spp. 130000

Leclercia spp. 100000 Staphylococcus spp. 110000

Serratia spp. 80000 Bacteroides spp. 110000

Proteus vulgaris 60000 Streptococcus spp. 100000

Aeromonas spp. 100000

Candida spp. 65000

Clostridium perfringens 11000

Lactobacillus spp. 10000

Streptotrophomonas spp. 7000

Prevotella spp. 5000

SEMS, self-expandable metal stent; IQR, interquartile range.
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▶ Table 3 Preoperative adverse events and clinical characteristics at operation.

Plastic stent SEMS P value

All patients randomized, n = 92 n=45 n=47

Preoperative complications, n (%)

▪ Stent dysfunction 12 (27) 5 (11) 0.05

▪ Stent exchange 11 (24) 4 (9) 0.05

▪ Cholecystitis 1 (2) 4 (9) 0.36

▪ Cholangitis 2 (4) 1 (2) 0.61

▪ Pancreatitis 3 (7) 8 (17) 0.20

All patients undergoing surgery1, n = 68 n=34 n=34

Clinical characteristics at operation

▪ Bilirubin, median (range), μmol/L 22 (2–363) 18 (4–166) 0.13

▪ CRP, median (range), mg/L 2 (1–130) 6 (1–56) 0.92

▪ Cholangitis preoperative, n (%) 6 (18) 2 (6) 0.26

▪ Prophylactic antibiotics at ERCP, n (%) 17 (50) 18 (53) 0.81

▪ Previous sphincterotomy, n (%) 3 (9) 1 (3) 0.61

▪ Precut sphincterotomy, n (%) 11 (32) 11 (32) > 0.99

▪ Failed first cannulation at ERCP, n (%) 4 (12) 6 (18) 0.73

Preoperative complications, n (%)

▪ Stent dysfunction 7 (21) 2 (6) 0.15

▪ Pancreatitis 2 (6) 7 (21) 0.15

▪ Cholecystitis 1 (3) 3 (9) 0.61

▪ Cholangitis 0 (0) 1 (3) > 0.99

▪ Stent exchange 6 (18) 1 (3) 0.11

All patients undergoing curative resection, n =59 n=32 n=27

Clinical characteristics at operation

▪ Bilirubin at operation, median (range), μmol/L 21.5 (2–363) 18 (4–166) 0.16

▪ CRP, median (range), mg/L 2.5 (1–130) 7.6 (1–47) 0.62

▪ Cholangitis preoperative, n (%) 6 (19) 2 (7) 0.27

▪ Prophylactic antibiotics at ERCP, n (%) 15 (47) 15 (56) 0.51

▪ Previous sphincterotomy, n (%) 3 (9) 0 (0) 0.24

▪ Precut sphincterotomy, n (%) 11 (34) 9 (33) 0.93

▪ Failed first cannulation at ERCP, n (%) 4 (12) 3 (11) > 0.99

Preoperative complications, n (%)

▪ Stent dysfunction 7 (22) 1 (4) 0.06

▪ Pancreatitis 2 (6) 3 (11) 0.65

▪ Cholecystitis 1 (3) 2 (7) 0.59

▪ Cholangitis 0 (0) 1 (4) 0.46

▪ Stent exchange, n (%) 6 (19) 0 (0) 0.03

SEMS, self-expandable metal stent; CRP, C-reactive protein; ERCP, endoscopic retrograde cholangiopancreatography.
1 Includes curative and palliative surgery.
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complications were more common in the SEMS group (29% vs.
15%; P=0.14). None of these differences reached statistical sig-
nificance.

Discussion
This study was designed to address the question of whether or
not a covered SEMS can more effectively drain the obstructed
bile duct system and restore the enterohepatic circulation of
bacteria compared with plastic stents in jaundiced patients
with periampullary tumors. The clinical need for preoperative
biliary drainage in patients with potentially curable periampul-

lary tumors remains controversial [16, 35]. The most often ci-
ted study by van der Gaag et al. [16] demonstrated clearly that
preoperative biliary drainage increased the morbidity. How-
ever, this study did not use SEMS, but rather plastic stents and
sometimes even percutaneous transhepatic cholangiography
drainage, which might induce more complications than mod-
ern SEMSs. However, adequate biliary drainage has clear patho-
physiological benefits, and the mortality was significantly lower
in the drained group in a recent meta-analysis [35]. In light of
current developments in therapies for patients intended for
curative resection, such as neoadjuvant chemotherapy treat-

▶ Table 4 Intraoperative and histopathological findings in all patients undergoing surgery (curative and palliative).

Plastic stent (n=34) SEMS (n=34) Pvalue

Operative data

Operation time, median (range), minutes 398 (165–565) 395 (134–627) 0.66

Intraoperative bleeding, median (range), mL 880 (100–6800) 800 (100–6700) 0.90

Vascular resection, n (%) 8 (24) 5 (15) 0.38

Total pancreatectomy, n (%) 2 (6) 3 (10) 0.65

Palliative double bypass, n (%) 2 (6) 2 (6) > 0.99

Explorative laparotomy only, n (%) 0 (0) 5 (15) 0.05

Intraoperative findings, n (%)

Subjective evaluation 16 (47) 17 (59) 0.36

No inflammation 18 (53) 12 (41) 0.65

Mild inflammation 5 (15) 6 (21) 0.53

Moderate inflammation 6 (18) 7 (24) 0.53

Severe Inflammation 5 (15) 4 (14) > 0.99

Difficulties creating hepaticojejunostomy

▪ None 30 (88) 29 (100) 0.06

▪ Some 3 (9) 0 (0) 0.24

▪ Severe 1 (3) 0 (0) > 0.99

Difficulties extracting stent 0 (0) 0 (0) > 0.99

Histopathological findings n=34 n=34

Histiocytosis 9 (26) 2 (7) 0.05

▪ None 25 (74) 27 (93) 0.04

▪ Mild 5 (15) 1 (3) 0.20

▪ Moderate 4 (12) 1 (3) 0.36

Cholangitis n = 32 n=25

▪ None 1 (3) 0 (0) > 0.99

▪ Mild 11 (34) 8 (32) 0.85

▪ Moderate 20 (62) 16 (64) 0.91

▪ Severe 0 (0) 1 (4.0) 0.44

SEMS, self-expandable metal stent.
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ment, there remains a clinical incentive for patients with jaun-
dice to undergo decompression [17].

We observed that the vast majority of intraoperative bile
cultures contained bacteria in significant amounts. The rate of
positive bile culture in our study was even higher than that
found in most previous studies in which this issue has been ade-
quately addressed [13, 18, 36]. The reasons behind this remain
unclear, but we were unable to find a relationship between the
actual length of the preoperative drainage or the type of stents
used and the outcome of biliary cultures. It seems incontrover-
tible that bactobilia is associated with increased infectious
complications after pancreatectomies and that the drainage
technique contributes to a decreased bacterial contamination
rate of the biliary system, which constituted one of the back-
ground prerequisites for the design and power calculation of
the present study [18]. Based on current knowledge, it can be
concluded that the profile and extent of bactobilia is not de-
pendent on the type of drainage or the efficacy of the respec-
tive stent device, and does not co-vary with the clinical course
during stent treatment. Similarly, based on the reasonable as-
sumption that cultivated CFU/mL of intrahepatic bile acts as a
marker for the level of impairment of the enterohepatic circula-
tion of bacteria, our study was unable to prove the superiority

of SEMS in this specific regard. It is interesting to note that
even in the per-protocol analysis, when we excluded those pa-
tients with plastic stents who required stent exchange and anti-
biotics because of stent dysfunction, we were still unable to de-
tect a difference between the study groups. Antibiotic treat-
ment is an important confounder as it has a prolonged effect
on the amount and distribution of cultured bacteria in the bili-
ary system [13, 14, 18]. Accordingly, the intention-to-treat a-
nalysis was exposed to the risk of diluting a possible effect of
SEMS.

The length of drainage represents a pertinent issue. The ad-
vocates of preoperative drainage claim that the main reason
why preoperative biliary drainage has not consistently been
found to be beneficial was due to insufficient drainage time. Ex-
perimental observations suggest that liver function requires
4–6 weeks for recovery, even if the bilirubin level has returned
to normal prior to 4 weeks. Therefore, the drainage time should
be at least 4–6 weeks. In the present study, the median drain-
age time was 31 days (range 9–278 days), although seven pa-
tients were offered neoadjuvant therapy initially and thus had
prolonged drainage times; however only two of these patients
eventually underwent curative resection. Together, all data

▶ Table 5a Postoperative adverse events in all patients undergoing surgery (curative and palliative).

Plastic stent (n=34) SEMS (n=34) Pvalue

Perioperative outcomes

▪ Time from ERCP to surgery, median (range), days 36 (16 –278) 31 (9–206) 0.30

▪ Time in hospital, median (range), days 16 (4–46) 14 (7–65) 0.94

▪ Time in HDU, mean (range), days 3.4 (0–9) 3.6 (0 –10) 0.84

Postoperative complications, n (%)

▪ Overall 23 (68) 17 (50) 0.14

▪ Surgical 17 (50) 12 (35) 0.22

▪ Received antibiotics 17 (50) 20 (59) 0.47

▪ Anastomotic leakage 4 (12) 1 (3) 0.36

▪ Infection/abscess 5 (15) 10 (29) 0.14

▪ Postoperative bleeding 3 (9) 1 (3) 0.61

▪ Delayed gastric emptying 8 (24) 7 (21) 0.77

▪ Reoperation 2 (6) 1 (3) > 0.99

▪ Wound dehiscence 1 (3) 0 (0) > 0.99

▪ Cardiopulmonary 6 (18) 4 (12) 0.73

Complication severity, n (%)

▪ Clavien-Dindo I 5 (15) 3 (9) 0.48

▪ Clavien-Dindo II 10 (29) 6 (18) 0.25

▪ Clavien-Dindo III 7 (21) 7 (21) > 0.99

▪ Clavien-Dindo IV 1 (3) 0 (0) > 0.99

SEMS, self-expandable metal stent; HDU, high dependency unit.
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suggest that a drainage time of > 4 weeks can reduce overall
morbidity compared with a shorter drainage time [14].

One of the controversies relating to preoperative biliary
drainage is the idea that stent placement leads to local tissue
inflammation and may make surgical resection more technical-
ly challenging, especially with SEMSs. We found that the type of
stent did not affect the subjective assessment of surgical diffi-
culty in dissecting the hepatoduodenal ligament, extracting
the actual stent, or the complexity of completing the hepatico-
jejunostomy. Similarly, the histopathological results from the
bile duct wall close to the proximal transection line, examined
for the degree of inflammation, strengthened that conclusion.
If anything, we observed more sinus histiocytosis (foreign body
reaction) in the lymph nodes in the hepatoduodenal ligament in
the plastic stent group. Even other objective measures such as
bleeding and total operation time were not significantly differ-
ent between the two groups. These results refute the suggest-
ed concern of an enhanced inflammatory reaction induced by
the SEMS [37, 38].

Post-stent placement pancreatitis has been reported to oc-
cur more frequently in patients given fully covered SEMSs. This
has been described as a function of the expansion of covered
and uncovered metal stents causing compression of the pan-
creatic duct orifice [39]. However, many of these studies are
small and of retrospective design, reporting on a nonconsecu-
tive cohort of patients without comparison with a plastic stent.
Furthermore, the type of SEMS used can influence the interpre-
tation of the available study results. In the present study, nu-
merically more patients with SEMSs developed pancreatitis
compared with patients with a plastic stent (21% vs. 6%; P=
0.15), but this difference was not significant. This was also
true for the development of cholecystitis, which was not found
to be a significant clinical problem in either patient group.

A weakness of the study is that we chose bacterial counts in
bile as the primary end point as opposed to relevant changes in
complication rates. Accordingly, we were exposed to the risk of
type II errors in the assessment of perioperative courses. An-
other weakness of the study is that a large proportion of the o-

▶ Table 5b Postoperative adverse events in patients undergoing curative resection.

Plastic stent (n=32) SEMS (n=27) P value

Perioperative outcomes

▪ Mortality, n (%) 0 0 >0.99

▪ Time in hospital, median (range), days 16 (7– 46) 15 (10–65) 0.84

▪ Time in HDU, mean (range), days 3.5 (0–9) 4.0 (0–10) 0.49

▪ Operation time, median (range), minutes 402 (229 –565) 420 (290–627) 0.42

▪ Intraoperative bleeding, median (range), mL 1000 (150–6800) 1050 (100–6700) 0.87

▪ Vascular resection, n (%) 8 (25) 5 (19) 0.64

Postoperative complications, n (%)

▪ Overall 23 (72) 14 (52) 0.11

▪ Surgical 17 (53) 12 (44) 0.51

▪ Received antibiotics 17 (53) 15 (56) 0.85

▪ Anastomotic leakage 4 (12) 1 (4) 0.36

▪ Infection/abscess 5 (16) 6 (22) 0.51

▪ Postoperative bleeding 3 (9) 1 (4) 0.62

▪ Delayed gastric emptying 8 (25) 7 (26) 0.94

▪ Reoperation 2 (6) 1 (4) > 0.99

▪ Wound dehiscence 1 (3) 0 (0) > 0.99

▪ Cardiopulmonary 6 (19) 4 (15) 0.74

Complication severity, n (%)

▪ Clavien-Dindo I 5 (16) 3 (11) 0.72

▪ Clavien-Dindo II 10 (31) 4 (15) 0.22

▪ Clavien-Dindo III 7 (22) 6 (22) 0.97

▪ Clavien-Dindo IV 1 (3) 0 (0) > 0.99

SEMS, self-expandable metal stent; HDU, high dependency unit.
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riginally randomized patients were excluded because they met
exclusion criteria during the diagnostic work-up period, which
also hampers the study by diluting the groups and thereby re-
ducing the statistical power.

An issue to be addressed in the design of the study, is the
possibility to completely blind for the allocation of stent type,
although the endoscopist was not involved in the postoperative
care. Special efforts have to be taken to maintain the blinding
process, as the stent type can be disclosed by certain investiga-
tions carried out during the clinical management of the pa-
tients. In this regard, it should be mentioned that the majority
of all tumor staging investigations were done before the inser-
tion of the stent.

When considering overall complications, including nonin-
fectious complications, we observed an increased need for re-
intervention in the plastic stent group, as represented by fewer
stent failures (P=0.06) and fewer instances of stent replace-
ment in the SEMS group (P=0.03). Although the results of the
current randomized clinical study could not demonstrate any
differences in bactobilia in perioperatively collected bile, it still
offered arguments in favor of SEMS to optimize the preopera-
tive course and the postoperative risk profile without the intro-
duction of an enhanced risk for local complications. In previous
studies it has been difficult to extract information about the
true pros and cons of respective stent strategies, as only two
studies, incorporating a limited number of patients, have com-
pared plastic and metal stents for internal drainage [10, 40].
However, a recent Dutch multicenter trial, with a case– control
study design, demonstrated a clear superiority of SEMS [15].
However, upfront surgery is still the preferred treatment strat-
egy in patients presenting with jaundice due to periampullary
tumors, and the pivotal trial– comparing preoperative biliary
drainage using a fully covered SEMS versus upfront surgery–
has yet to be completed.
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